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1 

Abstract 

Global civilisation, and therefore population health, is threatened by excessive 

inequality, weapons of mass destruction, inadequate economic and political theory and 

adverse global environmental change. The unequal distribution of global foreign exchange 

adjusted income is both a cause and a reflection of global social characteristics responsible for 

many aspects of these inter-related crises. 

The global distribution of foreign exchange adjusted income for the period 1964-1999 

is examined. Using data for more than 99% of the global population, a substantial divergence 

in its distribution is found. The global Gini co-efficient, adjusted for national income 

inequality, increased from an already high value of 71% in 1964 to peak at more than 80% in 

1995, before falling, very slightly, to 79% in 1999. The global distribution of purchasing 

parity power income is also examined, for a similar period. Though also found to be extremely 

unequal, its trend has not been to increased inequality. Implications of the differences between 

these two trends are discussed. 

A weighted time series index of global environmental change (IGEC) for the period 

1960-1997 was also calculated. This uses nine categories of global time series environmental 

data, each scaled so that 100% represents the level of each category in nature prior to 

anthropogenic change; zero represents decline to a critical point. This index fell from 82% in 

1960 to 55% in 1997, and will further decline during this century.  

Using evidence from several disciplines, it is argued that the decline in the IGEC 

correlates with major macro-environmental changes, which, combined with flawed social 

responses to scarcity and its perception, place at risk the ability of civilisation to function. This 

could occur because of the interaction of conflict, economically disastrous extreme climatic 

events, deterioration of other ecosystem services, regional food and water insecurity, and 

currently unforeseen events. Uncertainty regarding both a safe rate of decline and the tolerable 

nadir of the IGEC is substantial. 

Substantial reduction in the inequality of foreign exchange adjusted income is vital to 

enhance the development of policies able to reverse the decline in the environmental goods 

which underpin civilisation, and to promote the co-operation needed to maximise the chance 

that civilisation will survive. 
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Synopsis 

This thesis is multi-disciplinary, drawing especially from epidemiology, environmental 

science, pherology,1 economics and demography. It is divided into three main sections. The 

first introduces the main ideas, propositions, and non-economic literature upon which the 

thesis is constructed. The second section presents an improved, comprehensive measure of 

global economic inequality and an index of global environmental change, and also discusses 

relevant literature of a more technical nature. The final section has two chapters. The first 

presents a new theory concerning carrying capacity and inequality, and attempts to explain the 

main argument of the thesis from a different view. The final chapter summarises the main 

contributions of the thesis and suggests avenues for further research. 

 

Section one 

 

Chapter one introduces three main elements of the thesis. Two – inequality and 

sustainability – already have a vast literature. The third, “civilisation failure” is less familiar, 

but it too is attracting increasing attention, though not generally as this term. The writer’s 

home academic discipline is in public health and epidemiology, and this chapter contains an 

extensive review of the health literature concerning global environmental change (GEC). The 

chapter argues that the most serious potential adverse health effects of GEC is via a pathway 

of significant global “civilisation failure”. 

To substantiate this claim, the chapter reviews the general scientific literature relevant 

to many aspects of global environmental change. This is also done to introduce the “Index of 

Global Environmental Change” (IGEC) in section two. The chapter concludes that adverse 

human health effects resulting from GEC is a legitimate, currently under-explored topic for 

public health research and that seeking to better understand the causes of GEC is an important 

and legitimate research question. 

Chapter two introduces the main idea explored by this thesis, which is that the 

contemporary scale of global inequality risks civilisation failure by undermining and 

                                                 
1 The science of carrying capacity 
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obstructing efforts to achieve sustainability, while at the same time risking the provocation of 

a “global guerrilla war” via pathways of large-scale population exclusion and resentment. It is 

argued that inequality acts to undermine sustainability via the cumulative effect of many 

individual government policies. 

The methodology used in the thesis is discussed. It is argued that the existing 

epidemiological causal criteria can be adapted to contribute to causal theory for the emerging 

discipline of “sustainability science”, and that the thesis makes important steps towards this. 

These include quantitative estimates of the distribution and trend of global economic power 

and the scale and trend of global environmental change, over recent decades. However, 

causation in this field will primarily depend on plausibility. Because of the inevitability of 

both uncertainty and pre-existing (Bayesian) biases, it is admitted that adducing causality 

beyond all doubt will continue to be elusive. Nevertheless, the evidence of a causal 

relationship between inequality and sustainability is at least as strong as that for most existing 

economic and policy assertions. 

I argue that inequality – the relationship between groups with different power on a 

global scale – acts most directly to impair sustainability by delaying the global attitudinal 

transition by limiting awareness, at both elite and public levels, of the risks to civilisation from 

both inequality itself, and also from adverse global environmental change. This leads to policy 

making which obstructs the other, material elements of the sustainability transition. 

Chapter three introduces the conventional, alternative pathway to the global 

sustainability transition, termed, provocatively, the “Cornucopian enchantment”. This is an 

exaggerated, simplistic set of arguments, based almost on magical thinking, which essentially 

proposes that sustainability can be achieved, with little effort, almost automatically, provided 

certain economic elements – especially free market principles – are be embedded into global 

society. The most articulate spokesperson associated with this view is the late Julian Simon. 

The literature that gives rise to Cornucopianism is generally founded on reality, but an 

exaggerated form has great potency, and properly deserves the term “enchantment”. An 

alternative – and less charitable explanation for the widespread faith in Cornucopian principles 

is that it avoids any effort to redistribute wealth and power, and thus is compatible with 

increasing inequality and the self-interest of powerful populations. Probably both explanations 

are partially true. 
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This chapter also reviews a fragment of recent demographic literature regarding the 

debate between neo- and anti-Malthusianism, concentrating mainly on a single journal, the 

Population and Development Review. It proposes, controversially, that the relevant papers in 

this have accepted the anti-Malthusian arguments too uncritically. Whether in response to 

subtle funding pressures, from a withdrawal of engagement with the issue, or for both reasons, 

it is suggested that demographers in recent decades have not acted with sufficiently clarity and 

purpose to effectively challenge the unconscious adoption of the Cornucopian enchantment by 

elite policy makers. A consequence of this has been the worldwide trend to reduced foreign 

aid. By default, this has delayed the demographic transition, thus making the attainment of 

global sustainability more problematic. 

Of course, demographers cannot be held to have any special responsibility for the 

decline in foreign aid, nor any unique responsibility to contribute to the debate concerning 

global human carrying capacity. Nevertheless, it is suggested that if demographers had not 

distanced themselves as much, as a profession, from neo-Malthusians, lobby groups such as 

the Union of Concerned Scientists, and the general debate concerning sustainability, then the 

politically conservative advocates of the free market are likely to have had less influence upon 

government, especially with regard to reduced foreign aid, structural adjustment programmes, 

and other free market policies imposed on the Third World. 

The final chapter in this section discusses two more key concepts, that of “critical 

environmental change” and “environmental brinkmanship”. These provide a conceptual 

framework to explain how global environmental change may cause global civilisation failure, 

and thus cripple population health. Environmental brinkmanship is likened to nuclear 

brinkmanship, acting over a longer timescale, which undermines the environmental public 

goods which civilisation relies on, including for food security. It is argued that powerful 

populations are prepared to countenance environmental brinkmanship not only because of 

their faith in the free market, but also because of a perceived insurance policy provided by 

their power, income and affluence. 

Again, therefore, global inequality provides a unifying mechanism to explain how 

environmental brinkmanship, and hence the erosion of sustainability, occurs. 
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Section two 

Chapter five reviews the existing literature related to both subjective and objective 

measures of global inequality. It focuses on the health impacts of economic conditions in the 

Third World since World War II (WWII). It argues that the general rate of improvement in 

health in the first post-war decades, when there was less global emphasis on the free market 

policies, slowed when the global free-market became more powerful, especially in sub-

Saharan Africa. This chapter also reviews the quantitative literature of global income 

inequality, in terms of foreign exchange (FX) and adjusted for purchasing power parity (PPP). 

This is relevant for chapter six, in which four time series studies of global income inequality, 

undertaken for this thesis, are presented. It is argued that FX adjusted income is the 

appropriate indicator of global political influence (compared to PPP adjusted measures), 

mainly because governments accrue foreign debt in FX terms. National inequality, especially 

in the Third World, evidenced by a widespread lack of democracy and government 

accountability, also helps to exacerbate indebtedness. This is because such governments are 

frequently prepared to sanction further debt to maintain living standards for their elite 

populations and their own power, including by the purchase of arms. This is the case even 

though a consequence is further economic and health disadvantage experienced by their 

general populations. 

Chapter six presents four time series studies of global income inequality undertaken 

for this thesis. One study, using FX terms, finds a clear divergence in global income 

distribution, while the three PPP studies show no evidence of such a divergence. However, the 

data are sufficient to show that the relationship between the FX and PPP measures has 

changed over time. This is examined in detail for China and India. It is found that the Kravis 

coefficient2 of the average income for these countries increased substantially during the 1970s 

and 1980s. It is argued that this represents a significant, previously undescribed, form of 

interest, which in this period acted to disadvantage these countries. 

Chapter seven presents a fifth quantitative time series analysis, called the Index of 

Global Environmental Change. This draws on global environmental data, comprised of six 

main indicators, two atmospheric, one stratospheric, and three concerned with marine and 

terrestrial ecosystems. Technical literature relevant to each indicator is also reviewed. 

                                                 
2 The ratio of PPP to FX adjusted incomes. 
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Section three 

Chapter eight proposes that existing theories of human carrying capacity are flawed by 

insufficient consideration of inequality. Inequality, within limits, can act to increase or to 

decrease total human carrying capacity. Over comparatively short periods, inequality can 

effectively increase the living standards of powerful populations. It can do this – provided the 

total population is limited – without approaching global carrying capacity limits, provided the 

ecological utilisation of the marginal (additional) population is low. Indeed, this describes the 

recent global situation. 

However, over a longer time period, the living standards of the disadvantaged 

population may deteriorate relatively, and even absolutely – at least if insufficient 

dissemination of technological and material progress occurs. This threatens civilisation failure 

in several ways. Resentment is likely to increase within the comparatively disadvantaged 

population, leading to civil strife and insurgency. This is likely to be concentrated within poor 

populations, but is unlikely to be confined there. Consequences of a global guerrilla war are 

likely to include reduced economic growth, civilisation failure, and eventually, civilisation 

collapse. We may already be on the brink of such a world. 

Additionally, even though the ecological impact of the comparatively poor fraction of 

the population is low on a per-capita basis its large size still adds significantly to the erosion of 

environmental global public goods, thus independently increasing the risk of critical global 

change and, eventually, civilisation failure. To reduce the risk of a global guerrilla war, living 

standards of poor populations need to be increased. Paradoxically, this will increase the rate of 

erosion of environmental global public goods.  

The chapter also introduces the concept of marginal carrying capacity. It argues that 

any area and its associated population is characterised by a certain carrying capacity, a 

function particularly of resources, technology, ingenuity, organisation, debt and offshore 

income, including interest. Average living standards correlate with the per capita carrying 

capacity. At low populations, or when technology or other carrying capacity “co-factors” are 

increasing, population increments are likely to be comparatively welcomed. But as the rate of 

increase in carrying capacity slows, additional population are unlikely to be as welcomed, 

unless the living standard of the incoming population is substantially below that of the average 

population. Beyond another point, additional population may start to be resented, even if they 

are comparatively poor. This is not only because, at this point, they are unlikely to increase the 
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average living standard of the general population, but because they may even decrease it, or be 

perceived as so doing, because, for example of additional policing expenses and other 

transaction costs. 

At a global scale, powerful populations reserve extensive resources, both to enable the 

high living standards enjoyed by their population, and also as a stock for the future. By 

definition, these resources are denied to less powerful populations, thus reducing their 

potential living standard. Estimates of the maximum theoretical global human population need 

to be reduced in view of this. 

Chapter nine reviews the main contributions made by this thesis, and suggests several 

avenues for future research. The most important contribution is the argument that the current 

scale of global inequality undermines attempts to achieve sustainability. It reviews the terms of 

a new vocabulary to explain this. These include “environmental brinkmanship”, “civilisation 

failure”, “critical global environmental change” and the “Cornucopian enchantment”. 

Essentially, powerful elements within civilisation, enchanted by both the cornucopian vision 

and their own enjoyment – made possible by the scale of inequality – embrace policies that 

lead to environmental brinkmanship. In turn, civilisation failure is threatened, in the short run 

by a global guerrilla war, and over a longer time, by critical global environmental change.  

Secondly, the thesis comprehensively demonstrates, quantitatively, the extent of global 

income inequality over recent decades. It improves substantially on all previous measures of 

global exchange adjusted income inequality by its annual resolution, and by more completely 

accounting for changes in national income distribution. Thirdly, it suggests for the first time 

that changes in the Kravis coefficient act as either a hidden interest or subsidy for countries 

repaying loans in exchange adjusted currency. Fourthly, the thesis presents an authoritative, 

comprehensive and quantitative measure of global environmental change that surpasses 

previous measures because of its comprehensiveness and reduced selection bias. 

A fifth contribution is the suggestion that carrying capacity theories need to explicitly 

consider the appropriation of carrying capacity by powerful populations. Finally, it suggests 

that several scientific fields, especially demography, have been insufficiently critical in the 

face of the Cornucopian enchantment. 

This thesis should stimulate further work in several disciplines, including the emerging 

discipline of sustainability science. It serves as a conceptual basis for attempts to quantify 

civilisation failure, by creating different future scenarios. For example, these could assume 
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different rates of population growth, inequality, technological change, adverse global 

environmental change, and access by disadvantaged, resentful populations to weapons of mass 

destruction.  

Secondly, the thesis should serve as an incentive to both extend and improve measures 

of global environmental change and also of inequality. It should stimulate a more critical 

examination of the concept of purchasing power parity income, further development of 

measures of genuine income, and of the relationship between exchange adjusted and 

purchasing power parity income. 

The thesis concludes that even in the best case, environmental brinkmanship will 

continue for the rest of this century. Civilisation will need a deal of luck to survive. To 

minimise what is an unconscionable risk, civilisation needs to urgently adopt policies to 

accelerate the sustainability transition. Reducing inequality will accelerate the demographic 

transition, while technological and organisational transition will slow environmental 

brinkmanship. Reliance on poor populations as a form of safety net to protect wealthier 

populations is unacceptable for both moral and strategic reasons. Recognition of the 

pervasiveness and risk of this thinking will help to drive the attitudinal transition needed 

among wealthy populations to generate the political and technological changes required. 

It is concluded that to increase the chance of sustainability policy makers will need to 

devise ways to redistribute wealth to poorer populations, mainstream economists will have to 

adopt the principles of ecological economics, and scientists as a whole will need to better 

inform the general public of the urgency and changes needed to facilitate the sustainability 

transition. 

At the end of the bound volume, following the bibliography and index, is a collection 

of papers3 relevant to the thesis and published or submitted during it. Many of these are 

referred to in the text. 

                                                 
3 Written or co-written by the author. 
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Chapter one: Inequality, sustainability and civilisation 

Abstract 

This chapter introduces the three main elements of this thesis – inequality, 

sustainability and “civilisation failure”. It takes an anthropocentric perspective; the 

importance and value of nature lies not in itself, but its supporting role for humanity. 

Because humans have evolved as one of a myriad of species subject to physical, ecological 

and social laws, humanity’s indefinite – sustained – welfare depends on the continuing 

existence of a minimum set of natural goods and services, sufficient to eliminate any 

serious risk of global civilisation failure because of environmentally caused scarcity. 

This chapter reviews the medical and epidemiological literature concerning global 

environmental change and human health, and the basic science of key global environmental 

changes, focussing on climate change, stratospheric ozone depletion and deterioration in 

ecosystem function. Emphasised are the risk, uncertainty, and inertial factors which 

characterise both global environmental change and its human reponse. These confound 

efforts to find simple descriptions and remedies for the problems which civilisation faces. 

The chapter also briefly examines the literature on epidemiology and global poverty 

and inequality. It concludes that adverse, anthropogenic global environmental change 

threatens the sustainability of civilisation, and hence public health. Therefore these are 

suitable topics for epidemiological analysis. 
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Introduction: Inequality and sustainability 

This thesis is multi-disciplinary, drawing especially from epidemiology, environmental 

science, pherology,1 economics and demography. It is divided into three main sections. The 

first section introduces the main ideas, propositions, and non-economic literature upon which 

the thesis is constructed. The second section presents an improved, comprehensive measure of 

global economic inequality and an index of global environmental change, and also discusses 

relevant literature of a more technical nature. The final section describes a qualitative theory 

that explains the main argument of the thesis from a different view. It concludes by 

summarising the main contributions of the thesis and suggesting avenues for further research. 

The writer’s home academic discipline is in public health and epidemiology, and this 

chapter contains an extensive review of the health literature concerning global environmental 

change (GEC). It argues that the most serious potential adverse health effects of GEC is via a 

pathway of significant global “civilisation failure”. To substantiate this claim the general 

scientific literature relevant to many aspects of global environmental change is reviewed. This 

chapter also introduces three main elements of the thesis. Two – inequality and sustainability – 

already have a vast literature. The third, “civilisation failure” is less familiar, but it too is 

attracting increasing attention, though not generally as this term. The chapter concludes that 

adverse human health effects resulting from GEC is a legitimate, currently under-explored 

topic for public health research. 

                                                 
1 The science of carrying capacity. 
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Inequality 

Most if not all physical and biological systems exhibit inequality - an unequal 

distribution - from the distribution of planets, not only in ours, but also in other solar systems 

(Kerr, 2001a; 2002a), to the atomic structure of matter.2 Inequality is an ancient and pervasive 

characteristic of all human societies (Price and Feinman, 1995) at most, if not all scales.3 Most, 

if not all animal and insect species are also characterised by inequality, from the organisation 

of groups of non-human primates (Boehm, 1999) to elephants (McComb et al., 2001), termites 

and bees (Dugatkin, 1999). 

It is reported that, in 1945, the anthropologist Murdoch claimed that there were sixty-

seven universals of culture. Two related to inequality – “status differentiation” and “age 

grading” (Wilson, 1998: 160). Gender inequality is also a common characteristic of most – if 

not all - human societies. Inequality in human societies takes many forms: leaders and 

followers, specialist toolmakers4 and generalists, initiated and non-initiated, wise and simple, 

nobles and commoners and so on. 

This thesis argues that an increasingly important measure of inequality, especially 

convenient because it can be reasonably measured, is the differentiation in recent times, on a 

near global scale, between populations with high income, wealth and freedom of mobility and 

those with low income, wealth and little freedom to move where they like. Such a distinction 

has increasing meaning at the global scale, because the ancient forces of inter-cultural trade, 

communication and conquest, combined with recent scientific advancement increasingly allow 

the world to sensibly be considered as a single economic, political and environmental unit, a 

process often called “globalisation” (Chossudovsky, 1997; Giddens, 2000; Gray, 1999; Hurrell 

and Woods, 1999; Karliner, 1997; Kunitz, 2000; Martin and Schumann, 1997; McMichael et 

al., 1999a; Menotti, 1998; Navarro, 1998; Woods, 1999).  

                                                 
2 In other words, few if any physical systems have a random distribution. In atoms, large nuclei are orbited by 
much smaller electrons. Our solar system - and possibly others with rocky, Earth-like planets – not only 
possesses a large, gravitationally powerful central star, but stability enhanced by planets that are not too close 
together, and by the position of large gaseous giants such as Jupiter, more likely to attract - and to survive – 
cometary collisions. Cells are formed of comparatively small nuclei, surrounded by a far larger cytoplasm, 
while many ecosystems have a pyramidal structure, though, increasingly, humans are positioned at the apex. 
3 For example, within families, villages, institutions, nations and guilds. 
4 Specialised toolmakers, exempt from more mundane duties, have been recorded in non-agricultural, hunter-
gatherer societies (Sahlins, 1972). 
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It is argued that populations characterised by high income, wealth and freedom to 

travel share another important trait: the ability to disproportionately influence many aspects of 

global opinion and policy-making. It is not asserted that knowledge of an individual’s 

composite income, wealth and travel can be used to precisely forecast her or his influence on 

international policy, but it is suggested that populations endowed with a comparatively high 

average income, wealth and travel are likely to exert greater influence on such policy than 

populations with a lower average income, wealth and travel. 

An important caveat is that populations whose governments have developed 

substantial arsenals of weapons of mass destruction (WMD), most obviously nuclear weapons, 

will have more international influence for a given average income, wealth and travel than 

populations whose governments have not developed WMD. Thus the population of China, a 

member of the United Nations Security Council has disproportionately more international 

influence than the population of India, even after adjusting for income, wealth and travel.5 

The sustainability of civilisation and anthropocentricism 

“The constant struggle to close the gap between aspiration and achievement makes the 
difference between civilisation and chaos” (Hammarskjöld).6 

This thesis argues that the most important form of sustainability is that of human 

civilisation. This is an explicitly anthropocentric view.7 Ecocentric views (Dobson, 2000; Fox, 

1990) are useful to balance philosophical views that allegedly give inadequate value to the 

                                                 
5 At the time of the formation of the United Nations (UN) no member other than the US possessed nuclear 
WMD. China, as a major ally to the victors of WWII, was accorded permanent membership of the UN 
Security Council, while India was still a British colony. When the Chinese communists took control of 
Mainland China in 1949, the government of Taiwan was at first recognised by the UN as the legitimate 
government of the whole Chinese nation. The US and its allies maintained this position until 1971, when the 
UN General Assembly voted to admit the Peoples Republic of China not only to the UN, but as a permanent 
member of the security council (Bennett, 1995; Osmañczyk, 1990). The PRC acquired nuclear WMD in 1964 
(Forrow et al., 1998). India, the world’s second most populous nation, remained a colony until 1947, and so 
presumably was not considered for security council status at the time of the UN’s formation. India still 
perceives itself as suffering comparatively low international status and influence, in relation to its population. 
Perkovich argues that this was a powerful incentive in India’s eventual development of nuclear WMD (Cahn, 
2000; Perkovich, 1999). 
6 This quotation is from a speech by Mrs Mary Robinson, UN Commissioner for Human Rights, who 
attributed it to the former UN Secretary General. Despite correspondence with Robinson’s staff, and extensive 
searching of Hammarskjöld’s writings I have been unable to locate a written source. Mahatma Gandhi is said 
to have described civilisation as “the encouragement of difference”. 
7 I also adopt a civilisation-centric view. I would prefer to see current civilisation endure than to collapse and 
require future re-building. 
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non-human world, but in my opinion it is always unethical to value non-human life above 

human life.8 Yet the latter depends on the former, both quantitatively and qualitatively. 

Despite the claims of a small number of “cornucopian” thinkers (discussed in chapters three 

and seven) the human population and its impact on nature must be limited in order to 

maximise human well-being and the sustainability of civilisation. The real debate is not that 

there are no limits (McMichael, 2001a: 342), but where they are and how closely they can 

safely be approached. 

The scope of this thesis: a disclaimer 

This thesis attempts to present and to synthesise evidence from many disciplines, 

most of which the author lacks formal training in. Unfortunately, lack of time, space, 

expertise and skill means that the analysis in some areas may appear simplistic or wanting 

to those with more expertise in these areas. This price is justifiable. Just as McMichael 

(1999) has argued that epidemiological enquiry can benefit from both a zoom and wide-

angled camera capacity, so too can science in general. 

Formal links between several social sciences, such as economics, demography and 

international relations, and several physical sciences, such as ecology, biology and 

environmental science are comparatively scarce (Common, 1995; Wilson, 1998). Recently, 

calls have been made for a new “sustainability science” (Kates et al, 2001). If implemented, 

training in such a field should provide a future generation of workers able to more 

successfully bridge the diverse scientific areas relevant to sustainability. While such a field 

is likely, importantly, to lead to greater public appreciation of the issues raised in this 

thesis, its early practitioners may still be regarded as outsiders by those trained in more 

specialised disciplines. At least to a degree, depth will need to be sacrificed for breadth. It 

is hoped that the reader will agree that, ultimately, both perspectives are vital. 

                                                 
8 I am not contending that ecocentrism claims this. However, ecocentric views can be used by extremists to 
make this case (Wellock, 1993). Some of Garret Hardin’s writing also approaches this view, as do certain 
Earth First! activists (Dobson, 2000: 52). 
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Civilisation failure 

Civilisation failure can be defined as a reduction in the function of civilisation 

“services” (Butler, 2000a).9 These services include of governance (Mehmet, 1999), 

institutions, courts and the rule of law, technologies, and key infrastructure. Civilisation 

requires the constant maintenance – and even expansion - of knowledge, and the attention to 

repair and maintenance mechanisms, not only for infrastructure such as plumbing, power 

generation, and roads, but also to social structures. For example, a reasonably fair police 

system is likely to enhance economic functioning, and to encourage the acquisition of private 

property.10 In contrast, the flaunting of excessive wealth, especially if accompanied by parallel 

flouting of the law, may damage social cohesiveness, and encourage petty as well as grand 

corruption. 

Civilisation depends critically on confidence, trust and tolerance, at a range of scales.11 

In an increasingly interconnected, globalised and weaponised world, tolerance and a degree of 

fairness are increasingly necessary globally. In the distant past we can imagine, for example, 

that the attitude of the Mayans towards the people of East Africa was totally irrelevant.12 

Nonetheless, ancient trade routes between China and the Roman Empire both required and 

evidence a degree of long-standing inter-cultural trust, which had mutual benefit. Now, though 

some may disagree, few if any, regions of the world contain populations whose circumstances, 

economies and opinions are totally irrelevant, even to populations who are the most powerful 

and insulated. 

Civilisation failure is analogous to reduced bodily function, consequent to organ 

failure in clinical medicine. Cardiac “failure”, contrary to some lay opinion, does not mean 

heart “death”. Rather, “failure” in clinical medicine implies a degree of impairment. 

Nonetheless, without effective treatment, organ failure will hasten death. So too, civilisation 

failure must be effectively treated if civilisation is not to risk further deterioration. 

                                                 
9 The related concept of “state failure” is gaining currency (Adler, 2001).  
10 Adam Smith gave the insecurity of private property in Turkey as a reason for its comparative economic 
backwardness (Smith, 1776). Individuals had no incentive to work hard, because those with more power 
could so easily snatch any fruit of their labour. 
11 Eckersley (in press) points out that the historian Kenneth Clark, in his BBC television series, Civilisation 
observed its fragile nature, concluding “it’s lack of confidence, more than anything else, that kills a 
civilisation” (Clark, 1969: 347). 
12 Of course, neither population knew of the other’s existence. 
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Intrinsic to clinical medicine is the need to analyse a collection of signs and symptoms 

in order to ascertain the underlying physiological cause. Symptoms such as breathlessness and 

swollen ankles may not seem obviously related; yet have a common (cardiac) cause. So too, 

civil war, private armies, child soldiers, widespread judicial corruption, and - perhaps – severe 

epidemics may represent evidence of significant civilisation failure in several poor countries. 

Some specific examples are discussed later in this thesis. 

I do not claim that there are any examples of civilisation failure in modern13 high-

income countries. Civilisation failure, like many states, exists on a continuum and its 

definition will always be rather subjective. The state of chaos in Germany, prior to the rise of 

Adolf Hitler, had some elements of civilisation failure, such as runaway inflation. Nazism 

restored order to the German economy, but its gross suppression of human rights, and its 

megalomania, were also, arguably, a form of civilisation failure. The emergence14 of Nazism is 

also barely conceivable had the economy of Germany been less chaotic. 

In 1919, the economist John Maynard Keynes, though not specifically forecasting the 

rise of Hitler, nonetheless warned that excessive reparations, forced upon Germany after the 

Great War, risked civilisation: 

“The policy of reducing Germany to servitude for a generation, of degrading the 

lives of millions of human beings, and of depriving a whole nation of happiness 

should be abhorrent and detestable, - abhorrent and detestable , even if it were 

possible, even if it enriched ourselves, even if we did not sow the decay of the whole 

civilised life of Europe (Keynes, 1919: 209) (emphasis added). 

Post-Soviet Russia, though not a high-income country, has also arguably recently 

experienced a degree of civilisation failure, evidenced for example by the rise of violence and 

alcoholism, its reduction in vaccination programmes, and its fall in life expectancy (Demine, 

2000; Leon et al., 1997). 

The prospect of civilisation failure in high-income countries may seem absurd to some, 

especially in a pre-September 11, 2001 world. However, even without invoking the element of 

terrorism, the proper functioning of modern civilisation has never been quite as failsafe as we 

might wish. Human structures, crops, institutions, organisations, and indeed the function of 

                                                 
13 Several cases of ancient civilisation failure are discussed later in this chapter. 
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society remain dependent on the natural world. The infrastructure of many cities is vulnerable 

to extreme weather events, such as cyclones. Economies are dependent on confidence, trust 

and leadership. Communication and transport systems15 are dependent on the maintenance of 

infrastructure, in turn dependent on an enormous body of knowledge, much of it stored in 

human minds. 

Of course, civilisation functions in part because a substantial percentage of its energy 

is engaged in its constant repair, and even improvement. A breakdown in repair systems is 

likely to be of more consequence than the breakdown of any single system. 

Events, not only in the USA on September 11, 2001, but many times previously, 

demonstrate the vulnerability of human societies to actions by fellow members of our species, 

rather than to natural events. It is argued that economic factors are an important motivational 

component for almost all conflict and attacks, at least on a significant scale.16 In turn, 

economic security is critically dependent on environmental goods and services. The links 

between population, resources,17 security and its perception, inequality, conflict and the 

functioning of civilisation will be returned to many times in this thesis. 

Paths to civilisation failure 

The most likely path to civilisation failure is through a cascading, incremental and 

complex18 pathway, involving degrees of failure to many civilisation components. A stepwise 

decline appears more likely than one that is literally continuous. For example, a terrorist attack 

on Cape Canaveral may limit the ability to launch a key weather satellite. In turn this may 

limit advance warning of an intense hurricane. Just as recovery seems underway, the 

                                                                                                                                                     
14 Emergence is a term frequently used by complexity theorists. It implies the arising of a new phenomena 
scarcely recognisable, nor predictable to its antecedents. 
15 Kennedy (2002a) points out that modern industrial societies are quite resistant to random failure, but 
vulnerable to targeted disruptions of important and vulnerable features, such as the most highly connected 
internet nodes. Homer-Dixon (2002) also makes this point. 
16 Economic factors can also be identified in the causation of considerable small-scale violence, such as 
between individuals and gangs. This is not to deny the importance of religious, ideological or ethnic factors – 
but to propose that economic factors are interwoven with these, and virtually always present. 
17 Not only natural and those constructed by human minds and tools, but also the myriad intangible resources 
that enable the functioning of society. 
18 “Complex” is intended in two senses. As well as its conventional meaning of something complicated and 
multi-factorial, I mean to link this with complexity theory, that is to suggest that civilisation failure may 
emerge as a new, unexpected phenomenon from precursors that seem quite different, as the nature of water 
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assassination of Yassar Arafat may intensify conflict in the Middle East, leading to an attack 

on a nuclear power station. 

Of course, modern civilisation, in much of the world, is remarkable resilient, and is 

likely to easily withstand four such events, even if they occurred almost simultaneously. 

However, even in a country as powerful and wealthy as the USA, significant deterioration in 

elements such as the economy, civil liberties, public confidence and law and order (for 

example from widespread unemployment secondary to economic recession, or from 

increasing attacks against Moslems living in western countries) are likely given a sufficient 

number and severity of triggers. This could then progress to civilisation failure. 

Recent events – the attacks on New York and Washington, the reduced confidence in 

the global aviation industry with its negative flow-on effects to tourism and the wider 

economy, and the – so far comparatively - crude attempt at biological warfare illustrate that 

such trigger events can occur. Though they have not (yet) triggered noticeable civilisation 

failure in high-income countries, there is certainly an increased recognition that such events – 

and worse – are possible (Homer-Dixon, 2002). This unsettling issue is returned to in chapter 

four. 

If left undiagnosed and untreated, civilisation failure threatens to progress to 

civilisation collapse. Though most obvious at local and regional scales, such as parts of sub-

Saharan Africa, civilisation failure could eventually be a global phenomenon, thus threatening 

global civilisation collapse. 

These claims are not intended to be audacious. In the short run – perhaps the next few 

decades - the most likely pathway to multi-regional civilisation failure appears to involve a 

response simply to inequality, in association with poverty.19 However, environmental scarcity 

and environmental inequality are already marked. It is already impossible to fully disentangle 

economic scarcity from environmental scarcity.20 In this thesis, it is argued that future 

environmental change, in conjunction with the still-growing population is likely to become an 

                                                                                                                                                     
changes at freezing point, or as new life emerges from the fertilization of an egg. Complexity theory is 
discussed at greater length in chapter eight. 
19 Not absolute poverty, but relative poverty. Extremely impoverished populations are most unlikely to 
themselves have the resources to directly threaten powerful populations. Realistic threats require organisation 
and allies. Nevertheless, the existence of absolute impoverishment may be a motivating factor for attacks from 
wealthier populations. 
20 Of course, poverty may be either relieved or worsened by non-environmental factors, such as governance, 
leadership, outside assistance and the rate of population growth. This is returned to in chapter four. 
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increasingly important cause of scarcity and relative poverty. The drawdown of what is 

increasingly called natural capital (Costanza et al., 1997) may not necessarily cause 

civilisation failure, but we must do everything possible to minimise this risk. 

The extent and trend of the global distribution of wealth, income and the ability to 

travel (which it is argued is a proxy for influence) can be measured, sufficiently well for the 

purpose, by measuring the distribution of foreign exchange adjusted income.21 This is returned 

to in chapter five. My main argument is that the global distribution of this influence22 has 

become increasingly unequal over this time and that this threatens civilisation failure. 

The Holocene, the Anthropocene, Gaia and Prometheus 

The human impact upon the environment has become so intense that humanity has 

been called the world’s greatest evolutionary force (Palumbi, 2001). The Holocene - the 

comparatively warm interglacial period that we currently live in23 - has been called the 

Anthropocene (McMichael, 2001a: 344). The eminent ecological economist Herman Daly 

writes that, in recent generations, the world has gone from “nearly empty to nearly full” (Daly, 

1991). 

Schellnhuber (1999) has suggested that there are now three major evolutionary 

forces, which operate at a planetary scale. Drawing upon the same mythological etymology 

that James Lovelock and his neighbour, the novelist William Golding, had used to name the 

Earth System “Gaia”24 (the first planetary force), Schellnhuber has suggested that human 

civilisation, the third force, be characterised as “Prometheus”. Schellnhuber credits 

Rampino (1991) with calling the second planetary force “Shiva”, in recognition of the rare, 

but truly catastrophic cosmic events that have occurred. 

Whatever term we use, human civilization is now a major player in evolution, with 

the power to not only imperil its own survival, but that of a significant quantum of life on 

the ecosphere that, metaphorically, gave birth to and still nurtures it. While nuclear, 

biological and chemical weapons of mass destruction have until recently provoked the most 

                                                 
21 Rough data are available for the global distribution of income over the last 200 years, and more precise data 
are available since the 1960s. See chapter seven. 
22 This is achieved primarily by economic and political means, backed – usually implicitly - by military force.  
23 Waelbroeck et al (2001) date this to approximately 11,000 calendar years ago, following the end of the 
Younger Dryas cold period. 
24 The concept of Gaia is discussed later. 
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fear and attention, the machetes used in Rwanda and the jet airliners used in the USA also 

demonstrate the enormous capacity which humans now possess to inflict self-harm.  

If civilisation does collapse it is likely to be because, collectively, it has failed to 

sufficiently appreciate and practice another ancient characteristic of many species, 

including our own; that of co-operation (de Waal and Berger, 2000; Dugatkin, 1999). 

This bleak future is not yet inevitable. It can be prevented by both nascent and 

unforeseen strategies and technologies that could greatly and rapidly increase global carrying 

capacity. These alternative pathways are the safest, the most humane, and, in the long run, the 

most sustainable. However, many will also argue that global civilisation failure can be 

postponed by the imposition of even greater inequality (George, 1999a; 2000; King, 2001a).25 

Eco-totalitarianism and the global commons 

An intensification of recent trends could see a form of “eco-totalitarianism” emerge. 

This can be defined as an enforced, widely supported26 and grossly unequal distribution of 

ecological resources, justified, in part, by giving a higher value to many non-human species 

than to many humans.27 Though it is already the case that the allocation of ecological resources 

correlates with income, wealth and travel, eco-totalitarian scenarios would see substantial 

increases in this trend. For example, the occupied Palestinian West Bank illustrates a marked 

disparity in water use. Homer-Dixon et al., (1993) claimed that Jewish settlers were permitted 

to draw about four times as much water, per capita, as Arabs in the early 1990s; this disparity 

may have increased. 

Utilisation by different populations of the global atmosphere, as a dump28 for the main 

anthropogenic greenhouse gas29 carbon dioxide, has also been extremely unequal, not just for 

the last few years, but for many decades. While a small, monetarily endowed population is 

                                                 
25 Susan George’s book The Lugano report, (George, 1999a) originally intended to be published 
anonymously, presents a chilling vision of such a world. 
26 By the dominant population. 
27 This has also been called eco-fascism. For example, some extremists have argued that countries such as 
Rwanda should be depopulated in order to conserve wildlife, such as the mountain guerrilla. 
28 Sometimes called a “sink”. However, “sink” word implies a drain. In this case the sink is partially plugged, 
although some of the excess carbon does drain away, to a poorly understood and probably vulnerable carbon 
sink. 
29 Water vapour is a more significant greenhouse gas, but is not normally considered to be of human origin. 
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able to travel with ease and comfort to virtually any part of the world, including Antarctica, 

billions more are scarcely able to ever leave their region of birth. 

Eco-totalitarianism would see an intensification of these trends. Such a world is likely 

to have even less liberty than available today, and to be unlikely to do more than postpone and 

even intensify the eruption of civilisation-harming forces that are describe in this thesis. 

Though not a form of unequivocal civilisation collapse, it is argued that a frankly eco-

totalitarian world would still represent a form of civilisation failure. 

Of course, in the short run, such a claim would be contentious. Its recognition and 

description would be subjective, influenced especially by the relative income, wealth and 

travel of the observer, in the same way that many beneficiaries of globalisation uncritically 

proclaim its success (Feachem, 2001). 

A frankly eco-totalitarian world would be characterised by even less opportunity and 

hope for vast numbers of humanity, especially the young, than is currently the case. The risk 

of conflict in such a future world is likely to be even higher than at present, though in short 

interludes of enforced peace there may be an appearance that conflict is more controllable. In 

such a world, which we currently appear to be creating, the global population will be less able 

to withstand the social and ecological pressures that will still inevitably emerge, despite the 

most rigid ecological rationing. 

Yet even a world which does not deliberately try to move to eco-totalitarianism, but 

instead continues believing in the validity of economic and social recipes conceived in a less 

crowded time, still runs a considerable risk of stumbling towards civilisation failure. The most 

likely route is via a cascading, complex pathway, involving degrees of failure of many 

civilisation components. These include government (Mehmet, 1999), institutions, the rule of 

law, technologies, and key infrastructure. 

Despite the recent terrorist attack in the USA, it is not asserted that this pathway will 

necessarily unfold as early as the next two decades, but it is likely that, without major global 

policy changes, such a risk is very likely in the next two centuries. Beyond critical threshold 

points, civilisation failure or collapse could occur with extreme and devastating rapidity. These 

threshold points are far closer than most authorities admit. 

Eco-totalitarianism may be considered by non-experts to be a fantastic concept. 

However, this possibility was clearly recognised, though not thus named, by the writer 

Virginia Abernethy, more than a decade ago (Abernethy, 1990). Writing in favour of eco-
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totalitarianism Abernethy argued against US foreign aid to low-income countries, and also 

against immigration to high-income countries, other than to maintain their zero population 

growth.30 She justified these arguments on Hardinian grounds (Hardin, 1968; 1998) and she 

claimed that more equal access to the commons would only accelerate their degradation and 

exhaustion (Abernethy, 1990). 

Co-operation and the global commons 

The route to sustainability clearly necessitates management of the global commons 

and avoidance of the Hardinian scenario31 (Buck, 1998; Chakraborty, 2001; Dasgupta, 1996). 

This requires the acceptance of law and government, and a common faith in the possibility of 

justice. It is likely to be best achieved, in the long run, through a reduction in global inequality, 

including access to the resources of the commons. 

This course is not only humane, but in the rational self-interest of humanity. Biologists 

and game theorists32 have conducted many studies into the nature of co-operation and 

competition. This growing literature increasingly concludes that co-operation and reciprocal 

altruism are evolutionarily stable strategies (Fehr and Gächter, 2002; Nowak et al., 2000; 

                                                 
30 She attempted to justify her position by arguing: “…expectations of scarcity or unfulfilled wants may 
facilitate demographic change... Consider, for example, China's 1958 famine that preceded a decade of 
fertility-control measures as severe as any recorded in modern times. Famine would probably not have 
inspired such draconian measures had China been linked with the world economy at that time” (Abernethy, 
1990). Smil (1999) argues that although drought was a contributory factor, this famine was largely a 
manmade catastrophe, exacerbated by unequal distribution of the available food, and that Chinese President 
Mao Zedong bore the greatest responsibility for its occurrence. There is limited evidence that Mao supported 
an expanded Chinese population in 1949; other evidence suggests the Chinese leadership was starting to 
favour increased child spacing by 1954, that is before this famine (Borrie, 1974). While it seems plausible that 
the memory of the horror of this famine could have contributed to public and government support for the “one 
child” family planning policy introduced a generation later in 1979 (Kane and Choi, 1999) it is unlikely this 
was a major cause.  
31 That is, the “tragedy of the commons” outlined by Hardin in his famous 1968 essay (Hardin, 1968; 1998). 
Essentially, this argues that the gain accruing to the marginal consumer of a common resource (such as shared 
grazing lands, a fishery, or a public library) exceeds his or her loss from any degradation of the common that 
results. Thus, unless access to, or use of, common resources is controlled, their value will be degraded. This 
will harm the wider community, even if, at least for a while, individuals may have gained. 
32 That is, scientists who study the theory of games. Two games especially pertinent to co-operation and self-
interested altruism are the prisoner’s dilemma and the ultimatum game. It follows that the concept of “Homo 
economicus” is invalid (Sigmund et al., 2002). 
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Nowak and Sigmund, 2000; Riolo et al., 2001; Sigmund and Nowak, 2001; Wedekind and 

Milinski, 2000).33  

This literature argues that humans often help each other, even if the altruistic act is 

unlikely to be returned by the individual, because others reward such behaviour. This is 

facilitated by comparative freedom of access to reliable and accurate information, including of 

the behaviour and reputation of others, including of “free riders”.34.35Milinski et al (2002) point 

out that “if rounds of indirect reciprocation are not expected, then contributions to the public 

good drop quickly to zero.” A risk of exaggerated forms of marketism36 may, therefore, be a 

reduction in altruism, social capital, and some of the countless acts of social lubrication which 

contribute so much to the informal economy, but are omitted from the measured GNP. 

The extent of the limitation of information concerning global environmental change, 

including risks to global ecological security is thus of concern (Beder, 1998). Edwards (1997a) 

contrasts the media coverage of climate change with that of anti-Communism. He points out 

that both were considered by their advocates to be major global risks, but the anti-Communist 

campaign had far more support. 

The most optimistic interpretation of the work on human co-operation is that as a 

species, we may be evolutionarily capable of adopting the necessary self-restraint required to 

preserve the commons. If this is the case it will contradict an earlier, more pessimistic view 

that humans may be evolutionarily handicapped from properly assessing the risk of 

unsustainability (Ornstein and Ehrlich, 1989). A more equal, co-operative world is likely to 

accelerate the “sustainability transition”37 (Goodland et al., 1992; Swart, 1996; McMichael, 

2001a: 355-365; McMichael et al., 2000) and reduce the risk of devastating conflict. 

In this thesis, it is not asserted that the current degree of global inequality will 

inevitably lead to civilisation failure, but that it is an important cause of policies which both 

contemporary poor populations (if they had the knowledge) and future populations (if they 

                                                 
33 Ridley and Low (1993) also review evidence from evolutionary biology and game theory to support their 
case that selfishness can save the environment. They point out that simplistic appeals to save the planet will 
be inadequate; legal enforcement will be required. 
34 Free riders can be defined as individuals who habitually try to take advantage of other’s work. Some game 
theorists suggest that human (and non-human) societies are able to tolerate, and even benefit from a small 
proportion of free riders. 
35 George Akerlof, Michael Spence, and Joseph Stiglitz were awarded the 2001 Nobel Prize in economics, for 
exploring the implications of "asymmetric information." One implication of their work is that the classic laws 
of supply and demand may not hold if information is withheld (Cipra, 2001). 
36 Illustrated, for example by Margaret Thatcher’s claim that “there is no such thing as society”. 
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have the chance to comment) would and will regard as excessively risking civilisation failure. 

A specific element of this risk is through a process characterised here as “environmental 

brinkmanship”. This is described in detail in chapter four. Nor is it asserted that inequality of 

global economic and political power38 is the sole cause of environmental brinkmanship, which 

clearly has multifactorial causation. Finally, it is not claimed that global inequality of power 

can or should be eliminated, but that its reduction is a vital component to maximise the chance 

of a truly sustainable future. 

Sustainability 

The concept which “sustainability” attempts to convey is of more recent origin than 

inequality,39 even at local scales. Global sustainability is certainly of recent origin. Its best-

known definition is probably that used in Our common future (OCF) (World Commission on 

Environment and Development, 1987). This argued “humanity has the ability to make 

development sustainable - to ensure that it meets the needs of the present without 

compromising the ability of future generations to meet their own needs”. 

Despite its popularity, this definition is flawed and sanitised in ways that its framers 

surely could not have intended to be taken literally. What for example are “needs”? Do 

“needs” include the freedom for all humans to drive fossil fuel consuming four-wheel drive 

vehicles in urban jungles? Even at the time OCF was published, when the global population 

was less than five billion, it was clear that the Earth’s resources could not provide a North 

American living standard for all, using the existing technology. Inequality, including of the 

distribution of the per capita “ecological footprint” (Rees, 1996; Wackernagel and Rees, 

1995), is an important mechanism which enables limited global resources to provide high 

living standards for some, but not all. 

The word “compromising” used in the OCF definition is also problematic. Chapter 

seven presents an index of global environmental change (IGEC), which documents a rapid and 

substantial decline in many key indicators of global environmental integrity.40 Given that 

                                                                                                                                                     
37 Including the attitudinal, demographic, technological and organisational transitions. 
38 Power is formally defined in chapter five. Power includes social, economic and military aspects, and is 
essentially the ability of an individual or population to influence other individuals or populations. 
39 “Recent” is a relative term. Legal written attempts to regulate local environmental commons have existed 
for millennia, verbal laws and customs are probably older. 
40 In fact, a decline has occurred in all of the global indicators I have been able to find data for. 
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humans inhabit a planet in a universe subject to physical laws and biological principles,41 and 

that humans now occupy almost all easily inhabitable parts of the world, at least some degree 

of GEC has been and still is necessary to fuel human “development”.42 Just as the range of a 

vehicle with a fuel tank which is half-full is “compromised” so too the capacity of future 

human societies to develop will be limited if GEC passes a critical and harmful threshold. At 

the same time, given the state of recent and current science and technology, at least part of the 

recent decline in the integrity of the global environment was probably both necessary and 

desirable: a vehicle with a full fuel tank, permanently parked in the garage, also has a de facto 

compromised range. 

For example, humanity is currently exhausting its stock of easily recoverable coal, oil 

and gas, sources of compressed, portable energy that have facilitated the industrial revolution 

and modern civilisation. Future generations will not have as easy access to these stocks, and in 

this way at least their options will be reduced. Humans are also greatly reducing the stocks of 

easily available fresh water (Postel, 1998; Postel et al., 1996) including in aquifers.43 Fertile 

soil, (Pimentel, 2000)44 fishstocks, biodiversity,45 pollution “sinks” and other environmental 

global public goods (McMichael et al., in press)46 are also in decline. The human impact on 

these resources is of such a magnitude that many aspects of the Earth’s agricultural, biological 

and even industrial productivity may be compromised. 

Optimists, however, argue that technological breakthroughs made possible by the use 

of environmental goods, such as fossil fuels, will enable future generations to find substitutes. 

Pessimists are concerned that the recent steadily improving trajectory in most human 

                                                 
41 Materials, energy and transformed goods are not created virtually, but derive from physical objects. Even solar 
energy is derived from a physical object, the sun. Nuclear fuel used on Earth must first be mined. 
42 “Development” is another contentious term. I define it as the process by which human societies become 
better able to provide sustainably for the needs and legitimate aspirations of their populations. It is often 
simply used as a synonym for expansion, which, I argue, is often unsustainable. 
43 Most of the world’s fresh water is in the peripolar icecaps, which have as yet scarcely been exploited by 
humans. There are, however, already concerns that climate change is reducing fresh water supplies for some 
populations dependent on glacial meltwater (Francou et al., 2001; Mastny, 2000). Recent reports from 
Pakistan, currently experiencing a severe drought, suggest that her authorities are considering deliberately 
melting a glacier, by artificially reducing its albedo (Price, 2001). 
44 Food security depends on health of the soil, a vital, under-researched and complex medium. Fischer (1999) 
warns, “there is the possibility that hidden biotic stresses, especially in the poorly understood below-ground 
environment, remain to be overcome”. 
45 Coined by Thomas Lovejoy from “biological diversity”. 
46 These are objects and qualities which provide wide public benefits, outside control of the traditional market 
system. 
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indicators of well-being47 may slow, halt, or at the worst case be reversed, at some 

undetermined time in the reasonably near future48 – in other words be non-sustained. This will 

be discussed at length later in this chapter. 

No completely satisfactory definition of “sustainability” exists (AtKisson, 1999; 

Dovers, 1997). One that avoids the problems of the OCF definition was framed by the late 

Donella Meadows and colleagues, who defined a sustainable society as ‘one that is far-seeing 

enough, flexible enough and wise enough not to undermine either its physical or its social 

systems of support’ (AtKisson, 2001; Meadows et al., 1992). These authors cogently added, 

“sustainability, not better weapons or struggles for power or material accumulation, is the 

ultimate challenge to the energy and creativity of the human race”. 

Like many useful concepts “sustainability” can be criticised as fluid, fuzzy and 

somewhat subjective. Just as clearly, this useful term is now part of the vernacular. 

 

Human society and the local environment 

Humans, like all species, depend on a variety of ecosystem49 and natural50 “services” 

(Costanza et al., 2000; Costanza et al., 1997; Daily, 1997; Smil, 1998). Increasing the 

population of any species, including humans, is, ultimately, only possible by displacing other 

species. Additionally, like all animals, humans derive a considerable part of the energy they 

require by appropriating it from other species.51 Unlike other animals, humans have also 

learned to appropriate substantial stores of both recent and ancient solar energy, embedded in 

firewood and fossil fuels. Indeed, the expansion of the human species to occupy an ever-wider 

ecological space is one of the transformation and appropriation of nature for human purposes. 

                                                 
47 Including life expectancy, years of education and average living standards. 
48 Perhaps the next few centuries 
49 For example, the services provided by soil enabling agricultural crops, of animals for food and hides, of 
insects and birds for pollination, of wetlands for water purification and regulation of its flow, of fibrous plants 
for shelter and clothing and of forests, which reduce soil erosion and flooding and also help to regulate 
climate at both micro and macro-levels. Costanza (1997) estimates that the total annual value of these services 
to humanity exceeds measured annual world GNP. 
50 I am using this rather unsatisfactory term to complement ecosystem services which in contrast involve 
entirely living systems. Examples of natural services include the climate system, the stratospheric ozone layer, 
the ionosphere and the magnetosphere. This distinction is becoming increasingly blurred (Hunt, 1998; 
Lovelock, 1979; 1988; 1998a; Schellnhuber, 1999; Schellnhuber and Wenzel, 1998; Seki et al., 2001; 
Thompson et al., 2001). 
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Successful human societies have always involved a trade-off between human wants 

and needs and limitations and possibilities enforced and provided by the surrounding world. 

Most, if not all, successful human societies, whether or not industrialised, have adopted 

customs, taboos and economic systems and practices designed either to reduce social damage 

consequent to the local depletion of ecosystem and environmental services (Buck, 1985; 1998; 

Chakraborty, 2001; Clarke, 1977; Dasgupta, 1996; Flannery, 1994; Guidotti, 1995; Redman, 

1999) or to compensate for intermittent, environmentally-associated scarcity, through trade. In 

at least one pre-industrial example of the latter, regional trade agreements in the American 

Southwest appear to have compensated not only for seasonal shortages, but scarcity based on 

climatic cycles lasting a number of years (Cordell, 1997). 

All human societies have evolved in situations characterised by degrees of scarcity. 

Much of this has an environmental basis, be it a shortage of animals to hunt, water for 

irrigation, feathers for decoration or prime real estate to develop. But not all societies have 

been equally successfully in adapting to, or limiting, environmentally associated scarcity. 

Ancient civilisation failure and the environment 

Increasingly, archaeologists are examining past civilisation failure, civilisation 

collapse, and sustainable societies in order to reveal clues that may advance the sustainability 

of our own civilisation (Hardesty et al., 2001; Redman, 1999: 4-6; Weiss and Bradley, 2001). 

In a number of extreme cases, complex societies have collapsed, or at least been simplified, at 

least partially consequent to reduced environmental services. The most extreme example 

occurred in the remote eastern Pacific, on Easter Island, where almost total deforestation 

prevented canoe building and thus deep-sea fishing and emigration. Most of the forest was 

apparently destroyed in a frenzy of statue construction. Almost all the avifauna on the island 

became extinct, because of predation by both humans and the rats they had brought. The 

statues may have had a religious purpose, and it is plausible that inability to erect more statues, 

per se, contributed to social disorder. When Europeans first arrived at Easter Island (in 1722), 

only a few generations had elapsed since the last statue had been erected. But already, the 

                                                                                                                                                     
51 All animals require chemical energy released from the metabolism of food. Organisms also directly absorb 
heat energy from the sun.  
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surviving inhabitants had lost knowledge of both the purpose of the statues and their method 

of construction (Ponting, 1991; Redman, 1999: 8-11; Reuveny and Decker, 2000). 

Though impossible to prove, it is likely that, as the forest dwindled, at least some of 

the Easter Islanders could foresee both the fate of the surviving trees and of their society. 

However, the influence of any such people was clearly unable to prevent the civilisation 

failure that then occurred. 

The causation of the partial or complete collapse of civilisations more ancient and 

complex than Easter Island is contentious. Authorities generally agree that a combination of 

social, economic and political factors is involved (Fagan, 1999). However, although the 

relative importance of ecological, demographic and environmental factors is disputed, few 

scholars deny that such factors played a role in at least some cases. The origin for such 

ecologically caused scarcities may be human, “natural” or a combination of the two. 

Well-researched examples include the civilisations of the Akkadians in Sumeria, the 

Harappans in the Indus valley, and the Maya (deMenocal, 2001; Edwards, 1997b; Fagan, 

1999: 139-158; Paine and Freter, 1996; Scarre and Fagan, 1997; Wright, 1997; Yoffee and 

Cowgill, 1988). Major ecological causal factors appear to have been salinisation in Sumeria 

(Jacobsen and Adams, 1958), deforestation along the Indus, and decreasing soil fertility in 

Central America. Prolonged periods of drought, more extreme than known from recent 

instrumental records, may also have played a major role (deMenocal, 2001).52 

In other cases, such as Minoa, civilisation failure appears to have been triggered by the 

interaction of non-human associated environmental factors, such as earthquakes, tsunamis, 

volcanic eruptions and natural climate change with maladaptive economic and social 

responses (Koenig, 2001a; Tainter, 1988: 9-10).53 The transient return to colder and less 

favourable conditions during the Younger Dryas54 (c12,900 – 11,600 years ago55) has been 

                                                 
52 Environmental scarcity also contributed to civilisation failure in Ancient Rome and Greece (Sallares, 1991). 
Rome was dependent on North Africa for much of its grain. A dwindling supply of wild beasts for its circuses 
must have also contributed (also see chapter three). 
53 Another factor was increased competition from and conflict with the rising Mycenaean civilisation on 
mainland Greece. 
54 This period acquired its name from Dryas octopetala, a cold-tolerant tundra flower which pollen records 
show returned briefly to Scandinavia, following the warm Bølling-Allerød period following the last 
deglaciation (Broecker, 1995; Lehman and Keigwin, 1992; Rodbell, 2000; Waelbroeck et al., 2001). The 
dominant theory to explain this is the release of large volumes of fresh water into the Atlantic, from Lake 
Agassiz in North America (Hostetler et al., 2000) and a smaller ice lake in the Baltic (Lehman and Keigwin, 
1992). In each case emptying is thought to have been made possible by the retreat of ice that previously 
formed a barrier preventing discharge to the North Atlantic – some of the water in Lake Agassiz may have 
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identified as a factor forcing the Natufian community, in southwest Asia, to adopt animal 

husbandry and intentional cultivation of cereals that they had previously hunted and gathered 

(Weiss and Bradley, 2001). More speculatively, Oppenheimer (1998b) has postulated that the 

rapid rise of sea level in south East Asia following deglaciation56 (Hanebuth et al., 2000) 

caused the dispersion of nascent agricultural technologies that were developing in Sundaland.57 

It is probable that climate-associated environmental scarcity has altered human history 

on many occasions, even during the Holocene (deMenocal, 2001), which, increasingly, is 

recognised to have been quite climatically variable (Bond et al., 1997; Hu et al., 1999; 

Lovvorn et al., 2001; Maslin and Burns, 2000; O'Brien et al., 1995; Thompson et al., 2000). 

Weiss and Bradley (2001) attribute climate change, characterised by prolonged drought and 

cooling, as a major proximal causal factor for the collapse of numerous early civilisations from 

the Aegean to the Indus, and also, at different times, in North, Central and South America. The 

failure of the South Asian monsoon between 1789-1793, now recognised to be associated with 

an El Niño event, caused an estimated 600,000 deaths in 1792 alone (Grove, 1998; Grove and 

Chappell, 2000). Verschuren et al. (2000) correlated three periods of political unrest in Africa 

(according to oral traditions) with prolonged droughts, in AD 1390-1420, AD 1560-1625 and 

AD 1760-1840, dated by use of a proxy climate record based on sediments in Lake Naivasha, 

Kenya. Drought is thought to have played a major destabilising role in the collapse of the 

Anasazi civilisation of the US South-West, near the end of the 14th century (deMenocal, 

2001). 

                                                                                                                                                     
flowed into the Mississippi. The consequent reduction in salinity of the Atlantic is then postulated to have 
changed deep-water formation, disrupting the Gulf Stream and causing cooling, at least in large parts of 
Europe and the Middle East. Rodbell (2000) however, argues that brief cooling events, such as the Younger 
Dryas, have been more common over the last 50,000 years than generally appreciated, and that both their 
cause and geographic extent remain elusive. He also argues that the Younger Dryas cooling was restricted to 
the Northern Hemisphere. However other workers have correlated the Younger Dryas with both dryness 
(Maslin and Burns, 2000) and wetness in the Amazon (Baker et al., 2001), though perhaps at different sites -
an illustration of the uncertain temporal and spatial resolution of current palaeoclimatology. Rodbell (2000) 
also concedes considerable climatic variability existed in the Southern Hemisphere in the early Holocene, but 
not necessarily co-incident with the Younger Dryas. 
55 The time and duration of the Younger Dryas is variable: Lev-Yaden et al (2000) date it approximately a 
millennium later (c 11-10ky bp) than Weiss and Bradley (2001) and Waelbroeck et al (2001). Like Weiss, 
these workers also speculate that hardship associated with the Younger Dryas stimulated deliberate 
agriculture in the Fertile Crescent (Lev-Yadun et al., 2000). Hu et al (1999) date the complete discharge of 
Lake Agissiz (sic) to only 8.9 ky bp, but think two distinct cooling periods occurred between 10 and 8 ky bp. 
56 The current interglacial period, which started at the end of the Younger Dryas, about 11,300 calendar yr bp. 
57 This is the continental shelf area around South East Asia, submerged when sea levels rose in the early 
Holocene. 
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Biodiversity, localised extinctions and the commons 

There are many well-documented cases, particularly on islands, of local human-caused 

extinctions of useful animal species, which have had less extreme effects than that which 

affected the people of Easter Island (Anonymous, 1999a; Gittleman and Gompper, 2001; 

Kirch, 1996; Steadman and Kirch, 1990). One of the best-documented cases also occurred in 

the Pacific, affecting the New Zealand moa, a large flightless bird that was an important 

source of animal protein (Diamond, 2000; Flannery, 1994; Holdaway and Jacomb, 2000). The 

comparative shortage of animal protein, consequent to its rapid extinction, may have 

contributed to both warfare and cannibalism in New Zealand (Aotearoa) (Flannery, 1994). 

Arguably this can be considered to be a form of civilisation failure. 

Human factors are probably involved in the ancient extinctions of herbivorous 

megafauna in Australia (Levy, 1999; Miller et al., 1999; Roberts et al., 2001), Ireland 

(Gonzalez et al., 2000), America (Alroy, 2001), Madagascar, and elsewhere (Alroy, 2001; 

Dayton, 2001; Diamond, 1991; Redman, 1999). The emergence of modern humans as 

culturally dominant has also been linked with the extinction of the Neanderthals (Balter, 

2001). Less controversially, populations of large carnivores have been deliberately reduced or 

eliminated by many human populations, particularly because of their predation upon 

domesticated animals, and thus their negative impact on human economies. 

The recognition that local environmental change can have adverse local economic 

impacts has long been recognised by humans, both implicitly in the form of taboos and 

customs, and explicitly in the form of written and common law, including the management of 

common resources (Blaber, 1999; Buck, 1985; Chakraborty, 2001; Dasgupta, 1996). Gardner 

traces legal regulation of common irrigation resources to the code of Hammurabi in ancient 

Mesopotamia (Gardner, 2001). According to Crowe, English common law has recognised 

aspects of the commons since before the Roman conquest (Buck, 1985). 

Buck (1985) argues that the “tragedy of the commons” (Hardin, 1968; 1998) was 

successfully avoided in most societies, because of regulation. However, in some cases, such 
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tragedies did occur; even the code of Hammurabi ultimately proved unable to sustain the 

Mesopotamian civilisation.58  

Human health and global environmental change: growing awareness 

The 1960s and 1970s 

The link between the local environment and human health can be traced to ancient 

times, including the pre-Socratic philosopher Alcmaeon of Croton and, later, Hippocrates 

(McMichael, 2001a: 157). The Chinese system of feng shui, which considers the environment, 

also guides planning decisions for human settlements and tries to maximise harmony (and at 

least implicitly, health). 

The first concern for the global environment is usually credited to George Perkins 

Marsh, whose book Man and nature, was first published in 1864 (Kates et al., 1990; Marsh, 

1988; Mooney and Ehrlich, 1997). But before this, in 1848, John Stuart Mill (1806-1873) 

called for a restriction to human population numbers lest it “destroy the spontaneous activity 

of nature” (McNicoll, 1998). 

The link between adverse GEC and human health has been implicit in much of the 

literature discussed above. The first medical scientist to figure prominently in this debate was 

the French-born microbiologist René Dubos, who credited his developing awareness of the 

Earth as a single unit to reading a book called Rien que la terre (Only the Earth) in the 1920s 

(Piel and Segerberg, 1990: 35). Near the close of his life, Dubos reflected how he co-authored, 

as part of the preparation for the UN conference on the human environment held in Stockholm 

in 1972, a book with a similar title, Only one Earth, written with the economist Barbara Ward 

(Ward and Dubos, 1973). Prior to this, Dubos was active in a conference held in London in 

                                                 
58 Dasgupta (Dasgupta, 1996) credits Gordon (1954) with analysing fisheries as a commons, well before 
Hardin (1968). Blaber (1999) contrasts two traditionally managed fisheries, in Brazil and South Africa, each 
managed successfully for centuries, until recently. The traditional mechanisms to protect the common 
resource (traditional, community observed, restricted access to certain areas, combined with specialised 
knowledge kept within fishing families) broke down in Brazil, due to the introduction of more efficient 
monofilament nets, unaffordable to the traditional fishers. Conflict resulted and, after a short boom, the fish 
catch collapsed. The South African fishery remains viable, but under threat from illegal nets and a rapidly 
increasing population. McNeil points out that Britain and France attempted to negotiate an international 
agreement to curtail fishing in 1839, presumably because of declining yields. He dates regulations designed to 
prevent overfishing to at least the 13th century (McNeill, 2000: 248). 
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1963 called Man and his future. Dubos, credited with coining the term “think globally, act 

locally” (Piel and Segerberg, 1990), remained a leading figure in the vigorous debate 

concerning these issues, which continued in the 1970s (Moberg and Cohn, 1991; Piel and 

Segerberg, 1990), until his death in 1981. 

One of the first adverse human health effects of GEC to be recognised was from the 

bioaccumulation of artificial substances in the foodchain, caused by the deliberate release of 

biocides59 into the environment. Again, the early workers in this field were not 

epidemiologists, but biologists and ecologists, most notably Rachel Carson. Her book, Silent 

spring (Carson, 1962) has been widely credited as an important catalyst for the environmental 

debate that emerged in the 1960s (AtKisson, 1999; Fox, 1990). However, as with the debates 

concerning the public health risks of lead (Dormandy, 2000), asbestos, smoking (Glantz, 

2000), air pollution, climate change  and stratospheric ozone depletion (SOD) (Dotto and 

Schiff, 1978), the risks of biocides have been downplayed, and even allegedly deliberately 

suppressed (van den Bosch, 1978) by industry, using a combination of public relations 

techniques, advertising and strategic law suits against public participation (SLAPPs) (Beder, 

1998).60 

As incomes rose in the 1960s, particularly in the United States, so too did 

environmental awareness and concern, fuelled, for example, by the increasingly apparent ill-

health of the Great Lakes ecosystems, in part due to pesticide and chemical accumulation 

(Rapport, 1995; Vallentyne, 1997). An editorial in the Journal of the American Medical 

Association (JAMA) approvingly quoted from President Nixon’s 1970 State of the Union 

address: "The great question of the 70s is shall we surrender to our surroundings or shall we 

make peace with nature and begin to make reparations for the damage we have done to our air, 

our land, and our water?" (Anonymous, 1970).61 

JAMA also argued, “the medical profession should have a piece of the action”, a 

concern echoed soon after in an editorial in the Medical Journal of Australia (MJA) 

(Anonymous, 1971). In 1972, also in the MJA, the ecologist Stephen Boyden used the analogy 

                                                 
59 Including pesticides, herbicides and fungicides. 
60 Silent spring was threatened with litigation, and attracted substantial, industry-funded criticism, including 
from the American Medical Association. In 1962 Carson asked “When the scientific organization speaks, 
whose voice do we hear, that of science or the sustaining industry?” (Lear, 1997: 426). 
61 More than two decades later, Nixon (1992) published views on both global and African population 
remarkable both for their implicit acceptance of King’s arguments about demographic entrapment and for 
their opposition to the current (Republican) US international population policy. 
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of the conditioned, gradually heated frog to illustrate the risk that the human species would 

soon face because of anthropogenic GEC (Boyden, 1972). However, in 1972, JAMA also 

published an article critical of environmentalism, and especially the concept of “zero 

tolerance” for pesticides, the first paper explicitly critical of modern environmentalism of 

which I am aware in the medical literature (Anonymous, 1972). 

I have not identified any other papers concerned with the global environment in the 

expressed in the English language medical and public health literature in this period, even 

when the first UN sponsored international conference on the environment was held at 

Stockholm  in 1972. 

The late 1970s and early 1980s 

In the late 1970s, two prescient articles were published in the health literature, 

concerning the possible adverse effects of GEC. Scotto and Fears (1978) explored the impact 

of stratospheric ozone depletion, seven years before satellite confirmation of the “ozone 

hole.”62 The second paper, on climate change, is especially intriguing. Although the abstract 

makes no reference to human health, it is the first paper I know of in the health literature that 

concerns the possibility of anthropogenic climate change. It stated:  

‘Future energy demands of the world will require extensive further exploitation of 

fossil fuels, and projections show that without major development of nonfossil fuel 

alternatives, the atmospheric concentration (of carbon dioxide [CO2]) will double 

within the next 75 years. Four issues require serious attention. The developing 

countries will require vastly increased amounts of energy. Major efforts to develop 

suitable (inexpensive) nonfossil energy sources to meet at least a portion of this 

demand are required. …Uncertainties regarding the effect of the increased 

concentration of CO2 in the atmosphere on global climate must be reduced. 

Possible political and social responses to a substantial climate change must be 

studied in order to more fully understand all of the implication of increased 

atmospheric CO2” (Rotty, 1979) (emphases added). 

                                                 
62 Concerns were first raised, but generally disregarded, in the early 1970s (Dotto and Schiff, 1978). The 
deliberate creation of an ozone hole, for the benefit of astronomers, had been proposed in 1934 (Wells, 1997). 
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During the 1970s, public concern for the environment persisted in wealthy countries, 

reinforced by the oil shock of 1973, which strengthened interest in renewable energy, to 

reduce Western dependence on imported fossil fuels. US president Jimmy Carter erected solar 

panels on the roof of the White House. But interest in global environmental issues declined 

during Carter’s administration, coinciding with the return to cheap oil, a resurgence of 

neoliberalism (Coburn, 2000; Butler et al., 2001) and the continuing success of the Green63 

and contraceptive revolutions (Schiebinger, 2001). Widespread public interest in the 

environment seemed faint when incoming president Reagan made the equally symbolic 

decision to remove the solar panels, an early example of the “Whitehouse effect” on public 

opinion (McMichael, 2001b). 

This cycle of comparatively little public interest was echoed in the health literature. An 

exception was a laboratory study attempting to simulate the effect of increased ultra violet 

radiation (UVR) on hairless mice (Forbes et al., 1982). In the early and mid-1980s the medical 

and public health literature, though active in warning of the dangers of global nuclear war64 

was almost silent about macro-environmental conditions and human health.65 

The resurgence of interest in global change and human health in the late 1980s 

A resurgence of both public and health interest in GEC occurred in the late 1980s. 

Two66 concerns dominated: stratospheric ozone depletion, clearly demonstrated, largely due to 

continuous satellite-based monitoring since November 1978 (see chapter seven), and nascent 

public awareness in climate change, which until then had largely been of theoretical interest 

(Crawford, 1997; Heimann, 1997; Revelle and Suess, 1957).67 Several articles were published 

about human health and SOD, around the time of the signing of the first international treaty to 

protect the stratospheric ozone layer (SOL), at Montreal in 1987. These first appeared in the 

                                                 
63 The Green Revolution has also created problems, particularly from adverse ecological effects of pesticides 
and fertiliser runoff (Pimentel and Pimentel, 1990; Tilman et al., 2001). 
64 The medical association International Physicians for the Prevention of Nuclear War was awarded the Nobel 
Peace Prize in 1985. 
65 With the possible exception of pesticides and human health; I have not studied this in detail. 
66 The grounding of the oil tanker the Exxon Valdez in 1989, in pristine King William Sound, Alaska, also 
received enormous publicity, contributing to this resurgence of concern. Possibly too, the reduced fear of 
global nuclear war, following the collapse of the Soviet Union, contributed to a redirection of public anxiety 
towards a new issue. 
67 Awareness of climate change was stimulated by increased heatwaves in the late 1980s. 
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dermatological literature and then in both general medical and public health journals 

(Armstrong, 1994; Jones, 1987). 

Public interest in macro-environmental issues, at least in wealthy countries, was also 

stimulated by publication of “Our common future” (World Commission on Environment and 

Development, 1987), a prelude to the UN Conference on Environment and Development 

(UNCED) – the “Earth Summit” - held in Rio de Janiero in 1992. This enormous conference 

brought numerous heads of state and thousands of activists and journalists together in a 

meeting billed as an effort to save the planet. In preparation for this and in response to 

domestic public concern, both US President George HW Bush and British Prime Minister 

Margaret Thatcher declared their own environmental awakening. The 1990s were 

optimistically forecast as the “environmental decade” (McCally, 1997; Menotti, 1998). 

However, critics noted that the Group of Seven (G7) meeting which shortly followed 

the Earth Summit barely mentioned the environment,68 while others lamented the paucity of 

discussion in Rio concerning both overconsumption in wealthy countries and overpopulation 

in poor countries (Anonymous, 1992a; 1992b).69 Despite the hope generated by the Rio 

meeting, general public concern for the global environment again abated following the 

conference (Chatterjee and Finger, 1994). However, unlike the previous reduction in public 

concern in the late 1970s, concerns for the global future, increasingly called “sustainability” 

(King, 1990), penetrated and persisted in the general medical and public health literature for 

far deeper and longer than in the 1970s.  

Additionally, in the health literature, many editorials (Anonymous, 1989a; 1992c; 

2000a; Godlee, 1996; Guest, 1997; 1999; Jackson et al., 1996; McCally, 1997; McMichael, 

1991; McMichael and Guest, 1999; McMichael et al., 1999b; Smith, 1994; 1997) and articles, 

both peer reviewed and popular (Butler, 2001a; Douglas, 1997; Last, 1996; Peel et al., 1996; 

Read and Stott, 1997; Woollard, 1995) have specifically called for a greater leadership role 

                                                 
68 According to Starke, the G7 started to specifically mention the environment at their 1988 Summit in 
Toronto (Starke, 1990: 14). As she comments, for example regarding pledges to assist developing countries, 
“such pledges have been heard before; subsequent actions too seldom match the words”. 
69 Evidence of an understanding of the links between population, consumption and environmental pressure 
can be found in the UNCED documents, but critics argue that these issues were insufficiently central. For 
example, principle 8 of the Rio declaration states (in full): “To achieve sustainable development and a higher 
quality of life for all people, States should reduce and eliminate unsustainable patterns of production and 
consumption and promote appropriate demographic policies." This is the only one of the 27 principles 
adopted to specifically address population or consumption: the wording is inoffensive, vague and easily 
circumvented. 
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regarding the health risks of GEC to be adopted by the health, medical and epidemiological 

professions. Of concern, there seem to be very few articles aimed principally at a readership in 

the US. Papers by Leaf (1989) and McCally and Cassel (1990) are exceptions, but neither are 

recent. No relevant papers in JAMA were identified.70 

The World Scientists’ Warning to Humanity 

In 1992 more than 1700 eminent scientists, including 104 Nobel laureates – a majority 

of the living recipients of the Nobel Prize signed a document called the “world scientists’ 

warning to humanity”71 (Anonymous, 1992d; Gottfried, 1999; Union of Concerned Scientists, 

1997). Among its signatories was Norman Borlaug, widely regarded as the father of the Green 

Revolution.72 

This document warned:  

“Human beings and the natural world are on a collision course… If not checked, 
many of our current practices put at serious risk the future that we wish for 
human society … and may so alter the living world that it will be unable to 
sustain life in the manner that we know. Fundamental changes are urgent if we 
are to avoid the collision our present course will bring about” (Union of 
Concerned Scientists, 1997).  

Although public health concerns were not explicit in the World scientists’ warning to 

humanity, they are clearly implicit. Very few epidemiologists and public health workers were 

among the signatories – though possibly not many were invited.73 Up to1992, with few 

exceptions (Anonymous, 1989a; Guidotti and Last, 1991; Jones, 1987; Leaf, 1989, 

McMichael, 1991) the health consequences of macro-environmental concerns, including neo-

                                                 
70 However, JAMA has been very active in promoting medical awareness of the risks of nuclear war, 
including, since 1983, by devoting the first issue in every August issue (the anniversary of the dropping of the 
first nuclear bomb over a city, at Hiroshima on August 6, 1945) (see chapter four) to articles addressing the 
prevention of nuclear war, conflict and the promotion of human rights. 
71 This was co-ordinated by the Union of Concerned Scientists, founded by Nobel physics laureate (1990), the 
late Henry Kendall (Gottfried, 1999). Kendall used his prize money to fund this organisation (Marshall, 
2001). 
72 This term is credited to William S Gaud, director of the US Agency for International Development in 1968. 
A “Green” Revolution was perceived as better than a “Red” (Communist) revolution (Fry and Martin, 1991: 
165). 
73 35 of the 104 Nobel laureates who signed the petition were awarded the Prize in medicine or physiology. 
No epidemiologist since Ronald Ross has been awarded the Nobel Prize but Ross was mainly honoured for 
his microbiological achievements (Bynum, 2002; Nye and Gibson, 1997). Of the 351 signatories listed on the 
website, 32 others worked in health-related areas. Two were epidemiologists, most worked in medical basic 
sciences. 
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Malthusianism (Anonymous, 1990; 1992e; King, 1990), seemed either unapparent, irrelevant, 

or too overwhelming to concern most writers publishing in the public health and medical 

literature. Most of these early papers restricted their discussion to either SOD or climate 

change, but acid rain and biodiversity were also discussed (Jutro, 1991; McCally and Cassel, 

1990). 

In the following years the discussion of these issues in the health literature broadened 

by including, at least implicitly, the sustainability of civilisation (Last, 1993; McMichael, 

1993a; 1993b). This can be considered a variety of neo-Malthusianism (see chapter three) 

“through the back door”, because the primary focus of these publications was not explicitly 

population. 

Though papers such as these remained scarce in the public health literature at that 

time, numerous other scientific disciplines and thinkers tackled these and similar questions, 

including ecologists (Ehrlich and Ehrlich, 1991; Ehrlich et al., 1995; Mooney and Ehrlich, 

1997; Wilson, 1993), geographers (Kates et al., 1990), biologists (Birch, 1976), philosophers 

(Dobson, 2000; Fox, 1990), “environmentalists” (Davis, 1991; Goldsmith, 1992; Goldsmith et 

al., 1990; Myers, 1985; Porritt, 1991) and other neo-Malthusians referred to above. 

Have epidemiologists been slow to consider global change and human health? 

Epidemiologists, ideally, are concerned with the detection, prevention and 

management of threats to population health. Yet, in general, epidemiology has failed to be in 

the vanguard of warnings regarding GEC and human health.74 This may reflect both the 

conservatism of the medical profession, the traditional background of most senior 

epidemiologists and the comparative isolation and specialisation of scientific disciplines,75 in 

which regard epidemiology is no exception. 

Epidemiologists generally lack the training and resources to independently measure 

the scale and assess the significance of GEC, including anthropogenic global warming. For 

this, they must be guided by other scientific disciplines. 

                                                 
74 McMichael has also noted this: “Those working in the health sciences, too, have been slow to perceive the 
significance of ecological disruption for human health” (McMichael, 1993: xiv).  
75 Wilson argues that this trend is now reversing, at least among physical scientists (Wilson, 1998). 
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Has the research agenda for epidemiology – along with other scientific disciplines - 

been funnelled away from certain politically sensitive questions?  

Concerns have also been expressed that, in recent decades, epidemiologists have been 

pre-occupied with identifying the causes of ill-health and disease for conditions which, if 

viewed on a global scale, are comparatively trivial (King, 1966: 1:1). For a profession that has 

prided itself on sponsoring an evidence-based approach to many clinical problems (Sackett et 

al., 1991; Clarke and Horton, 2001) the lack of evidence-based research priorities in public 

health is striking.76 

At its most extreme, this pre-occupation has been criticised as “risk-factorology” 

(Susser, 1998; Taubes, 1995).77 This criticism could be harsher, because it ignores the issue of 

research funding per unit of burden of current or future disease. Instead, this line of criticism 

argues that epidemiological techniques are confined to a zone of diminishing marginal returns 

per research dollar, dooming epidemiology to increasingly trivial findings in terms of overall 

health (Pearce, 1996; Taubes, 1995; Weed and McKeown, 1998; Wing, 1994). While this 

position has been strongly defended by some eminent epidemiologists, working in wealthy 

nations (Rothman et al., 1998; Willett et al., 1995) others have argued that the epidemiological 

lens needs both a wide-angle and zoom capacity (McMichael, 1999). It can be argued that a 

broader approach returns to some of epidemiology’s most important historical roots, when 

some early practitioners, including Rudolf Virchow (1821-1902), argued that public health 

depended critically on many non-medical factors, especially political and economic 

(Eisenberg, 1984; Kawachi, 2000; Loomis and Wing, 1990; Silver, 1986; Yusuf et al., 1998). 

According to a reviewer (Sarewitz, 2001) Daniel Greenberg’s book Science, money, 

and politics; political triumph and ethical erosion (Greenberg, 2001) argues that the scientific 

community's “ongoing infatuation” with money has led to a progressive withdrawal from 

important political issues: 

                                                 
76 Of course, epidemiology has had major victories in recent decades, such as unravelling the health effects of 
smoking. Epidemiologists have also invested enormous energy in trying to test treatments for cancer. Though 
smoking is of increasing health importance in the Third World, this was not the case when its investigation 
was a major epidemiological priority. My point is that the attention devoted by epidemiologists to finding the 
causes and improving the treatment of many diseases prevalent in the South was and is incommensurate with 
their importance if measured as disability adjusted life-years lost. As well as “orphan drugs” (Anonymous, 
1995) there are many “orphan diseases” (Moran et al., 2001). 
77 Susser writes: “I see the phase [ risk factor epidemiology] narrowing the field of investigation, and even 
inducing neglect of the objective of improving the public health” (Susser, 1998: 608) 
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“scientists have grown increasingly apolitical because they don't want to risk 

alienating their patrons … the leadership of the physics community in the Cold War 

debate over arms control was a high water mark ... scientists have progressively 

retreated from this in recent years while becoming less selective about what 

research they do and who pays for it” (Sarewitz, 2001: 311). 

The issue of scientific leadership, or its lack, in effectively tackling some of the most 

important global scientific and social problems in recent decades will be returned to in 

chapters three and four. There is evidence that this phenomenon has occurred (at least) in 

economics, pharmacology,78 clinical medicine and demography, as well as public health and 

epidemiology. The co-option of scientific expertise by powerful forces, including the military 

(Rogers, 2000: 38), to labour towards ends which serve only a small fraction of humanity, or 

which provide ways to enhance power and other differentials between different populations, 

provides one plausible mechanism for how inequality may undermine sustainability. Scientists 

who wish to work on broader goals do not easily find career paths, financial support or even 

publishing opportunities.79 

However, using the wide-angle approach, an influential minority of public health 

workers have argued in recent years that the medical profession, including epidemiologists, 

has both the potential and the ethical responsibility to undertake research into the human 

health effects of GEC (Last, 1996). In a keynote address to the first meeting of the 

International Society for Environmental Epidemiologists John Goldsmith (Goldsmith, 1988) 

likened environmental epidemiology to canaries in a coalmine, able and ready to sound an 

early warning to humanity regarding links between human health and the environment. At the 

time, Goldsmith probably had foremost in his mind the links between human health and 

exposure to noxious substances such as heavy metals, chemicals and radiation. With hindsight 

his analogy is easily extended to include the link between human health and the broader 

environment that sustains all life.80 

                                                 
78 For example, while the market for anti-hypertensive and ant-inflammatory medications is crowded by “me-
too” drugs, numerous “orphan” drugs for numerically more important diseases affecting impoverished 
populations remain undeveloped (Moran et al., 2001; Trouiller and Olliaro, 1999). 
79 This is particularly so since about 1970, when global economic policies shifted more to the right. This is 
discussed further in chapter five. 
80 There is an earlier phase of this movement, dating to the post WWII period, when epidemiologists, using 
the newly developed methods of case-control and cohort studies, explored human health effects of a range of 
toxic substances, from air pollution and beryllium to radiation and tobacco. Another impetus to this work was 
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The response to the United Nations Conference on Environment and Development in 

the English-language health literature 

In response to the intense public interest at the time of the “Earth Summit” in 1992, the 

Lancet, by publishing three editorials about human health and GEC, helped to legitimise these 

concerns among medical workers (Anonymous, 1992a; 1992c; 1992e).81 In 1993, the possible 

health consequences of adverse GEC were discussed by keynote speakers at the triannual 

meeting of the International Epidemiological Association, including John Last and AJ 

McMichael (Last, 1994; McMichael, 1993a). A memorial address at the same conference was 

devoted to the adverse health effects of SOD (Armstrong, 1994). 

McMichael also warned that the comparatively low epidemiological interest in GEC 

risked both errors in the estimation of GEC-associated adverse health effects and the 

appropriation of the topic by non-epidemiologists. For example, the first report of the 

Intergovernmental Panel on Climate Change (IPCC), published in 1990, paid scant attention to 

the possible consequences of climate change upon human health (Houghton et al., 1990). 

In 1993, The Lancet published a series of articles devoted to the “basic science” of 

GEC and human health, focussing on climate change, SOD, declining biodiversity and 

impaired ecosystem “health” (Almendares et al., 1993; Dobson and Carper, 1993; Epstein et 

al., 1993; Jeevan and Kripke, 1993; Kalkstein, 1993; Lloyd, 1993; Maskell et al., 1993; Parry 

and Rosenzweig, 1993; Rogers and Packer, 1993). Also in 1993, McMichael published 

Planetary overload (McMichael, 1993b) the first book about GEC and human health written 

by an epidemiologist of which I am aware. McMichael argued forcefully that resource 

pressure, consequent to increasing human population and levels of material consumption, 

could threaten planetary life support systems on a scale sufficient to endanger global 

civilisation. 

                                                                                                                                                     
the biological plausibility conferred to such studies by the then recent discoveries of the structure of DNA and 
the potential of mutagenesis. Using simpler methods, specific links between toxic substances, occupations and 
human health have been recognised for far longer, for example in Pott’s description in 1775 of scrotal cancer 
in chimney sweeps (Kazantis, 1987) and by the vernacular “as mad as a hatter” which recognised the frequent 
occurrence of mercury poisoning workers in the felt hat industry (LaDou, 1990: 271). 
81 The Lancet, since its foundation by Thomas Wakely in 1823 has championed causes associated with social 
justice (Kandela, 1998). The Lancet was quick to editorialise concerning the first explosion of the hydrogen 
bomb (Anonymous, 1954a), despite a correspondent complaining, in response to an earlier letter warning of 
the dangers of nuclear weapons (Doll et al., 1951) that “political propaganda was allowed to invade the 
columns which have hitherto been spared for medicine” (Sheldon, 1951). 
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Review articles and conferences 

Review articles concerning aspects of GEC and human health appeared as early as 

1991 (Haines and Fuchs, 1991), including in the Australian medical literature (Ewan et al., 

1991). Ewan et al’s paper complemented McMichael’s editorial, the first time that the MJA 

had published articles on aspects of GEC for almost two decades. Ewan et al identified over 

200 published articles from various disciplines and surveyed over 150 experts in public health, 

climatology and geography. These workers concluded that the most likely major health effects 

from long-term climatic change in Australia were “skin and eye damage from increased UVR 

exposure, increased incidence of some respiratory diseases, vector-borne and water-borne 

diseases, and the social and physical effects of natural hazards and social and economic 

restructuring” (Ewan et al., 1991). 

An increasing number of conferences - including for epidemiology, environmental 

epidemiology, communicable diseases and emerging diseases - have encouraged the discourse 

about GEC, human health and sustainability. The International Epidemiological Association 

conference held in Florence in 1999 centred on sustainability and human health. In 1996, the 

Australian Medical Association  and Greenpeace co-hosted a conference dedicated to human 

health and GEC (Jackson et al., 1996). Conferences regarding sustainable development and 

environmental health have also increased. 

The uncertainties (McMichael and Martens, 1995) associated with GEC, including 

climate change, have also stimulated health workers to write a number of reflective articles 

and books, concerning ethics, human ecology (Last, 1998), global population policy 

(McMichael, 1995a) research priorities (Colwell et al., 1998; Hales et al., 1995; Haines and 

McMichael, 1997; McMichael, 1995b; 1997), the expanding nature of epidemiology 

(McMichael, 1995c) and the role of economics and greed (Shearman and Sauer-Thompson, 

1997). McMichael, particularly, has participated in several multidisciplinary collaborations, 

examining various ways that the scientific community can better tackle the multiple emerging 

problems associated with what he called “planetary overload” (Costanza et al., 2000; Martens 

et al., 1995; McMichael et al., 1999a). 

The psychological effects, particularly upon young people, which flow from the 

perception that civilisation may be at catastrophic risk from nuclear weapons, global 

environmental change, or both, may be profound (Eckersley, 1999; Macey, 1983), but as yet 
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these seem under-explored in the health literature. Eckersley (in press) states that while these 

connections have been speculated upon, a firm relationship remains to be established. Macey 

(1983) suggested that, rather than crying out in the face of overwhelming threat, people go 

silent and numb. More recently, Cohen (2001) has made similar arguments, regarding the 

response of populations to the knowledge of human suffering and barbarity, such as slavery 

and exploitation.82 

Non-English health literature, the World Health Organisation, and global change 

Clearly, the literature about GEC and human health is not confined to the English 

language. The Portuguese Journal of Public Health recently devoted an entire issue to climate 

and health (Butler and Dias, 1999), but this review does not attempt to examine the non-

English language literature. 

In contrast to the IPCC’s first report, the second contained a chapter on the health 

effects of climate change, which was complemented by a book jointly published by the World 

Health Organisation (WHO), the World Meteorological Organisation and the United Nations 

Environment Programme (UNEP) (McMichael et al., 1996). Until recently, WHO does not 

seem to have paid much attention to GEC and health.83 For example, the World Health Report 

summary for 1998 (World Health Organisation, 1998) forecast a generally rosy future for 

human population health. Its summary made no mention of the possible effects upon human 

health from any of the numerous aspects of global change discussed above. However, the 

recent election, as Director General of WHO of Gro Harlem Brundtland who chaired the 

famous, and eponymous84 World Commission on Environment and Development (WCED) 

report onto sustainable development (Anonymous, 1998a; World Commission on 

Environment and Development, 1987) may change WHO’s priorities. A recent issue of the 

Bulletin of WHO was also devoted to this topic (McMichael et al., 2000), and WHO have 

                                                 
82 Nevertheless, at times, large numbers of the general public have been sufficiently motivated to effect 
substantial social change. Examples include the European anti-slavery movement of two centuries ago, the 
Vietnam War protests, the anti-nuclear protests of the 1980s, and the largely peaceful revolutions that ended 
communist rule in Eastern Europe. 
83 At least in the general literature. I am advised that there is a substantial internal WHO literature on this 
topic. 
84 That is, “The Brundtland report”. 



Chapter one: Inequality, sustainability and civilisation  

   

46 

recently commissioned a chapter concerning the environment as a global public good for 

health (McMichael et al., in press). 

Global environmental change, human health and society: recent literature 

In recent years, an explosive increase in the number of publications in the medical, 

public health and general scientific literature concerning aspects of GEC and human health has 

occurred, reflecting increased research interest and capacity. Several specialist and multi-

disciplinary journals now regularly publish articles relevant to aspects of GEC and human 

health.85 John Last, in 1998, published a textbook called Public health and human ecology 

(Last, 1998). It is now impossible to read all the relevant published articles. However, such 

papers remain comparatively scarce in the US health literature (Patz and Epstein, 1996; Patz et 

al., 1996).86  

Lack of space precludes a detailed analysis here, but the major topics of concern 

continue to be climate change, the El Niño Southern Oscillation (ENSO), SOD and to a lesser 

extent, falling biodiversity and impaired ecosystem health. This debate interacts with the 

health effects of increased and increasingly deregulated and complex trade, travel, tourism, 

migration (Wilson, 1995a; 1995b), intensive farming, animal diseases (King, 2000; Lang, 

1997; Lang, 1998; McMichael, 1996) and antibiotic resistance affecting both humans and 

animals. It also interacts with overpopulation, overconsumption (Butler, 1994; Myers, 1997a; 

Smith, 1993), resource shortage, including of water secondary to the melting of glaciers 

(Francou et al., 2001), and food security. The risk of conflict on local, regional (Gleick, 1991; 

Homer-Dixon and Blitt, 1999a; Homer-Dixon et al., 1993) and potentially global scales is 

increased by these factors. Finally, there are many important relationships between GEC and 

macro-economic factors, including both poverty and inequality. Some of these will be 

explored later. 

                                                 
85 These include Medicine, Conflict and Survival (since 1984), Global Environmental Change (1991), 
Medicine and Global Survival (1995), Ecosystem Health (1995), and Global Change and Human Health 
(2000).  
86 There was also an exchange of letters about climate change and cholera in JAMA in 1996 involving Singer, 
a noted climate change “contrarian” (Gray et al., 1996; Patz and Epstein, 1996; Singer, 1996). Singer’s letter 
may be his only publication in the peer-reviewed health literature and may provide further evidence of a 
relative conservatism in the American health literature regarding GEC and health, a form of publication bias. 
More recently, however, Singer published dissenting letters in Science and Nature (Singer 2001a; 2001b). 
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Climate change 

The science of climate change 

Sceptics argue that the adverse health and economic effects of climate change remain 

largely theoretical, unproven, potential and in the future.87 Insufficient space precludes a 

detailed review of the evidence of recent global climate change. Briefly, however, the 

evidence for a rapid and significant change in the average global temperature in recent years is 

overwhelming, supported by both theory and considerable observational evidence (Kennedy, 

2001a).88 

Theory 

The occurrence of a natural greenhouse effect is essential for life, increasing the 

average global temperature by about 33oC, to about 15oC (Maskell et al., 1993). Jean-Baptiste 

Fourier (1768-1830) is credited as the first person to suggest that a natural greenhouse effect 

might exist, and also that this might be modifiable by human actions (Gribbin, 1990: 30-31; 

Ramanathan, 1998). Fourier suggested that the atmosphere might behave like a glasshouse, 

allowing sunlight and heat to penetrate to the earth’s surface, but retarding some of its re-

radiation to space. 

                                                                                                                                                     
Contrarians have also alleged publication bias among both leading scientific journals and reports by the IPCC 
(Masood, 1996). 
87 Most of these claims are found outside the peer-reviewed literature, including in books, journals, websites 
and even mass-mailings of articles designed to mimic offprints from prestigious journals (MacIlwain, 1998). 
Climate change contrarians have sometimes alleged that publication bias prevents publication of their work in 
the peer-reviewed literature. However, anti-contrarians argue that the general media give excessive credibility 
to their opinions, either because of deliberate bias secondary to vested interests which largely control the 
commercial media, or because journalists and editors prefer to report conflict than consensus, and also fail to 
understand the process and value of the peer-review process. 
88 Donald Kennedy, an editor of the journal Science, recently wrote, lamenting the recent rejection of the 
Kyoto Protocol by US President George W Bush: “During the past year in these pages, we have published 
over 30 peer-reviewed reports and articles documenting findings that relate to global climate change. Some of 
these extended the kinds of modelling studies cited in the IPCC report. Others documented the intensification 
of the El Niño events that have accompanied the warming we have already experienced. Still others measured 
the retreat of glaciers, the thinning of polar ice caps, the extraordinary growth in the heat content of the 
world's oceans, and other indicators. All of them, in one way or another, support the concerns that the 
President now says he is not prepared to address. And that's just from one journal. Consensus as strong as the 
one that has developed around this topic is rare in science ” (Kennedy, 2001a). Medical scientists also voiced 
these concerns (Ghazi, 2001; Smith, 2001a). 
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In 1863 John Tyndall suggested that past ice ages may have been due to lower 

concentrations of CO2, and in 1896 Svante Arrhenius refined this by developing a 

mathematical model of the surface-atmosphere radiation budget. Gradually, the importance of 

other trace gases89 as greenhouse gases90 (GHG) were recognised. Each gas has “a radiative 

forcing”, that is a different capacity to trap heat.91 

The increase in the concentration of many GHG is well documented and undoubted92 

(Callendar, 1958; Craig, 1957; Dlugokencky et al., 1998; Harries et al., 2001; Keeling et al., 

1995; Khalil, 1999; Revelle and Suess, 1957; Sturges et al., 2000). There are, however, many 

legitimate uncertainties about both the extent of future warming and the extent of 

anthropogenic contribution to it (Kerr, 2001b). 

Empirical evidence 

Climate change contrarians sometimes argue that the observed rise in average global 

temperatures93 is an artefact caused by observations skewed to urban heat islands (Daly, 1989: 

103-4) or a rebound following the Little Ice Age, which caused significant global cooling, 

evidenced by the advance of many glaciers between approximately 1300 and 1850 AD 

(Grove, 1988).94 Such claims ignore the far longer time series evidence based on proxy climate 

measures, including tree rings95 (Bradley, 2000; Briffa et al., 1998a; Mann and Bradley, 1999; 

Mann et al., 1998) , corals (Barnes and Lough, 1996), boreholes (Huang et al., 2000; 

Overpeck, 2000) and others (Alley, 2001). 

                                                 
89 Including water vapour, methane, nitrous oxide, chlorofluorocarbons and ozone. 
90 Originally called “hothouse” gases (Charlson, 1997). 
91 This is measured as watts per square metre. The relationship between a gas’s radiative forcing and its 
concentration is not necessarily linear (Myhre et al., 1998). The radiative forcing of CO2 is approximately 
equal to that of all other anthropogenic GHGs. 
92 According to Falkowski et al., in the CO2-temperature phase space that characterized the preindustrial 
world, CO2 oscillated in 100,000-year cycles by approximately 100 parts ppmv, between about 180 and 280 
ppmv. On millennial time scales, changes in CO2 recorded in ice cores are highly correlated with changes in 
temperature. Although high-resolution analysis of ice cores suggests that there are periods in Earth's history 
when temperature can change relatively sharply without a discernible change in CO2, the converse does not 
appear to be true (Falkowski et al., 2000).  
93 Nine of the ten warmest years recorded since 1860 have occurred since 1990. 1998, a year affected by a 
strong El Niño event, is so far the hottest year on record, followed by 2001. Global surface air warming over 
the past 25 years is ~0.5°C, and in the past century is ~0.75°C (Hansen et al., 2002). 
94 A recent paper suggests that the Little Ice Age may itself have had a significant human causation, from the 
widespread clearing of forests, which increased the Earth’s albedo (Govindasamy et al., 2001), an example of 
unconscious “geo-engineering” (Schneider, 2001a). 
95 “Dendochronology”. 
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Such claims also fail to explain the dramatic thinning of Arctic ice ( Johannessen et al., 

1999; Kerr, 1999; Smedsrud and Furevik, 2000; Vinnikov et al., 1999; Wadhams and Davis, 

2000), the recession of floating peri-Antarctic ice (de la Mare, 1997; MacKenzie, 1997; Nicol 

et al., 2000), earlier springs (Cayan et al., 2001; Menzel and Fabian, 1999)96 and numerous 

observed biological changes as species attempt to adapt to a changing climate (Both and 

Visser, 2001; Pennisi, 2001; Peñuelas and Filella, 2001; Sturm et al., 2001; Whitfield, 2001; 

Wuethrich, 2000).97 Ice-free intervals in the Arctic have been prolonged (Stirling et al., 1999), 

cloud-forest dependent species in Costa Rica have become extinct (Mattoon, 2000; Wuethrich, 

2000), numerous glaciers have retreated98 or melted (Francou et al., 2001; Irion, 2001a; 

Thompson et al., 2000) and several ice shelves on the Antarctic Peninsula have collapsed99 

(Doake and Vaughan, 1991; Fahnestock, 1996; Mercer, 1978; Rott et al., 1996; Vaughan and 

Doake, 1996; Vaughan et al., 2001).100 That warming has occurred mostly at night has also 

been interpreted as evidence against a primary solar cause (McMichael, 2001b). 

The climate system is extremely complex, and there are numerous feedback 

mechanisms in it, which may contribute to cooling, warming, or either. These include ocean 

currents (Alley et al., 2001; Broecker, 1997; Hoerling et al., 2001) water vapour (Rind, 1998), 

rainfall and clouds (Kondratyev, 1996; Lynch, 1996; Pearce, 1998a; Ramanathan, 1991), 

aircraft contrails (Pearce, 1998b; Seinfeld, 1998), sulphate aerosols (Nicholls, 1996) and 

aerosols from burning (Lelieveld et al., 2001), shipping tracks (Copley, 1999) and volcanic 

eruptions (Briffa et al., 1998b). Tidal energy may also influence climate change (Keeling and 

Whorf, 2000). 

                                                 
96 Sagarin (2001) has recently pointed out that this effect has been overstated in many series, because the 
effect of the advancing vernal equinox, caused by the discrepancy between the calendar and “vernal equinox 
year” (approximately 365.24 days) has not been considered. Normally the advancing date of the equinox is 
“reset” every century, when leap years are not normally observed. However, leap years do occur every 400 
years, including 2000. Therefore the error for the rest of this century will increase. Time series that overlap 
most turns of the century are normally less biased, and in some cases could underestimate the advance. 
Sagarin estimates the advances in spring have been exaggerated by no more than 10%. 
97 These include to birds, grazing mammals, butterflies, corals, wolves and starfish (Wuethrich, 2000).  
98 The icecap on Mt. Kilimanjaro shrank from 12 to 2 square kilometres between 1910 and 2000. If this linear 
decline continues it is expected to be totally gone within 15 years (Alverson et al., 2001). 
99 The main Antarctic continent has not warmed at the same rate as the world, and may even have cooled, at 
least since 1966. Doran et al (2002) point out that this poses challenges for climate modellers. 
100 Note that the reduced area of iceshelves along the Antarctic Peninsula is different to the fluctuating 
seasonal extent of ice surrounding Antarctica, that de la Mare (1997) referred to. 
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Other feedback mechanisms include changes to the albedo,101 ocean currents, droughts, 

and fires (Ackerman et al., 2000; Schwartz and Buseck, 2000), which may or may not 

aggravate global warming. Deforestation, though not properly a feedback, also has an 

important interactive effect, not only by reducing potential carbon storage, but also by 

increasing the risk and scale of fire (Siegert et al., 2001). Plants themselves may have an effect 

at doubled CO2 levels (reduced evapotranspiration), which could further increase local 

warming (Gribbin, 1995; Sellers et al., 1996). The net result of these factors, associated with 

the uncertainty of assumptions used in computerised climate models (general circulation 

models), a lack of computing power, and not least the intrinsic, inevitable imprecision of data 

(Lorenz, 1993)102 all contribute to the wide range of uncertainty in long-term climate 

prediction (Allen et al., 2000). 

Contrarians have also argued that a discrepancy between satellite observations and 

computer model-predicted atmospheric temperatures discredits the science of climate change 

(Singer 2001a; 2001b).103 However, the magnitude of these discrepancies has been reduced 

(Mann, 2000; Santer et al., 2000; Wallace and Trenberth, 2000) and explained better by the 

finding that volcanic eruptions lower the temperature of the troposphere more than the earth’s 

surface (Santer et al., 2001). As theory, data and computing power improve (Barnett et al., 

2001), this trend to fuller understanding is likely to continue.104 Contrarians need also to 

explain, given their lack of confidence in computerised forecasts, how they can be confident of 

best-case scenarios (Lashof, 2000) and whether they have as little faith in other computerised 

predictions concerning, for example, the economy. 

                                                 
101 Albedo is a measure of the reflectivity of the Earth’s surface. Increased cloud, ice or snow cover increases 
albedo, and thus may cool the Earth. Because water has a lower albedo than ice, reduced Arctic ice creates a 
positive feedback.  
102 Lorenz, a meteorologist, is a pioneer of chaos theory. His 1972 paper “Does the flap of a butterfly’s wings 
in Brazil set off a tornado in Texas” probably led to James Gleick’s popularisation of chaos theory called the 
“butterfly effect” (Gleick, 1987; Lorenz, 1993: 14-15) 
103 Few contrarians publish in the peer-reviewed literature. John Maddox, a former editor of the journal 
Nature, was an important exception (Maddox, 1997). However there is an enormous grey literature, especially 
on the world wide web, that outlines contrarian arguments. 
104 Kennedy (2001b) responded to Singer: “In the opinion of the (National Research Council) panel, the 
warming trend in global-mean surface temperature observations during the past 20 years is undoubtedly real 
and is substantially greater than the average rate of warming during the twentieth century. The disparity 
between surface and upper air trends in no way invalidates the conclusion that surface temperatures are 
rising." 
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Separating the natural and anthropogenic components of global warming 

Contrarians have also claimed that the observed global warming is entirely secondary 

to increased insolation,105 rather than to anthropogenic causes from increased GHGs. Solar 

factors are undoubtedly a vital component of the global climate, and it is also increasingly 

recognised that small changes in solar activity, once thought insignificant, can be magnified by 

poorly understood mechanisms (Kerr, 2001c; Lockwood et al., 1999; Parker, 1999; Veizer et 

al., 2000). Changes in insolation may have played a dominant role in the global warming 

observed early in the twentieth century (Crowley, 2000) and also some of the previous climate 

cycles observed during the Holocene, including at least some of the cooling during the Little 

Ice Age, particularly during the Maunder minimum (Mann et al., 1998; Solanki and Fligge, 

1999; Solanki et al., 2000). 

Increased insolation may have been partially responsible for previous warm periods, 

including the Mediaeval Warm Period (Hughes and Diaz, 1994). But it is also possible, and 

indeed plausible, that anthropogenic global warming may co-exist with increased natural 

insolation or another natural cycle (Broecker, 2001; Keeling, 1998). If this coincidence is 

occurring, then it may increase the overall risk which humanity faces from climate change, 

given that feedback and amplifying mechanisms of the global climate–solar insolation system 

remain so poorly understood. Woodward and McMichael (2001) cite evidence to suggest the 

most recent attribution of the anthropogenic component of the warming since 1975 is that 

about 5/6 of it is anthropogenic. Trenberth (2001) argues the percentage may be even greater, 

suggesting that solar and volcanic factors should have, if anything, led to a cooling effect in 

the last 50 years. 

                                                 
105 Insolation measures the solar energy reaching the Earth. The principal cause for changed insolation is 
changes in orbital geometry, described by Milankovitch, though recently this has been questioned (Karner and 
Muller, 2000). This phenomenon is attributed as the main cause in the glacial-interglacial cycle. A far more 
rapid, though less powerful cause of changed insolation is altered solar activity, including of sunspots and, 
possibly, magnetic fields (Lockwood et al., 1999). 
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The “carbon sink” and climate change 

Analysis of air bubbles trapped in polar ice reveals that, from well before the first 

humans evolved until the industrial revolution, the atmospheric concentration of CO2 has been 

comparatively stable, at less than 300 ppmv during the Holocene and perhaps 80-100 ppmv 

lower during the glacial periods (see chapter seven) (Fischer et al., 1999; Pearson and Palmer, 

2000; Petit et al., 1999). For most of this time, the carbon released by plant, animal and 

microbial respiration has been neatly balanced by carbon uptake by plants in the process of 

photosynthesis.106 Using a different method, other workers have reported that during the early 

Holocene the CO2 concentration may briefly have risen to levels substantially above 300 

ppmv,107 though not as high as at present (Wagner et al., 1999a; 1999b).108 

According to Prentice and Loyd (1998), an estimated seven giga (109) tons (Gt) of 

carbon are emitted annually by fossil fuel burning. Another 1-2 Gt are emitted by land 

clearing, especially in the tropics, for crops and pastures, which contain far less carbon. Yet 

only about half of this additional carbon stays in the atmosphere.109 The other half is absorbed 

by a “carbon sink”, in both the oceans and terrestrial ecosystems (Battle et al., 2000; Fung, 

2000).110  

Many aspects of the carbon sink remain controversial, both politically and 

scientifically (Anonymous, 2000b; Kaiser, 2000a; Simpson, 2001).111 However, it is clear that 

many interactions occur between climate change, the carbon sink, atmospheric levels of the 

                                                 
106 In earlier eons, substantial additional CO2 is thought to have been outgassed from volcanic eruptions and 
other geologic processes (Pearson and Palmer, 2000). 
107 These workers estimate CO2 concentration may have been as high as 348 +/- 14 ppmv for as long as three 
centuries before a cooler period, and that rates higher than 300 ppmv may have returned for a later period 
during the early Holocene. 
108 The current enhanced greenhouse effect is thought to be caused not only by elevated CO2 but numerous 
other GHGs, including CH4, halocarbons (Myhre et al., 1998; Ramanathan, 1998) and the long-lived (up to 
1000 years), rapidly growing (6% pa) gas trifluoromethyl sulfur pentafluoride (SF5CF3). The origin of this gas 
remains unknown. It is reported as having the largest radiative forcing on a molecular basis of any gas known, 
and has increased from near zero pptv in 1960 to 0.12 pptv in 2000. These concentrations are very low, 
however, so its contribution to total atmospheric forcing will still be very low (Sturges et al., 2000). 
109 Keeling et al (1989) estimated this fraction to be 57% for the period 1958-1989 (Keeling, 1998). 
110 The oceans are estimated to contain 50 times that of the atmosphere. Approximately 90 giga (109) tons 
(Gt) of C is annually exchanged between the surface of the ocean and the atmosphere (Falkowski et al., 
2000). 
111 Particularly contentious is the extent to which wealthy countries (Annex 1, defined by the Kyoto Protocol) 
can claim credit for naturally occurring carbon sinks in their territory. Recently, a very large natural carbon 
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two main GHGs (CO2 and CH4) and human effects, including deforestation, fires and farming 

practices. The carbon sink has significantly reduced the accumulation of atmospheric CO2, 

which has now risen from its pre-industrial level of about 280 ppmv to 370 ppmv (see chapter 

seven). Changes to this sink, especially any reduction in its absorptive capacity, are crucial for 

determining the future atmospheric concentration of CO2, (Falkowski et al., 1998) and, to a 

lesser extent, that of CH4. 

The science of the carbon sink 

The oceanic carbon sink 

The oceans probably comprise the most important component of the carbon sink.112 

Oceanic phytoplankton fix carbon by photosynthesis, just as do terrestrial plants. Though 

accounting for less than 1% of plant mass, plankton fix roughly half of total carbon in any year 

(Chisholm et al., 2001).113 Most fixed carbon is then incorporated into the marine food chain, 

including micro-organisms (Azam, 1998). From there much of it is regenerated by respiration. 

However, a substantial proportion (perhaps 25%) of the carbon fixed in the ocean sinks into 

the abyss, where it effectively sequestered from the atmosphere (Chisholm et al., 2001; 

Falkowski et al., 2000). This biological activity is also dependent on other nutrients, including 

iron (Boyd et al., 2000; Watson et al., 2000) and perhaps silicon (Paytan, 2000).114 

The total amount of dissolved inorganic carbon in the oceans is approximately 50 

times that of the atmosphere.115 According to Falkowski et al.: 

“the buffering capacity of the ocean is finite, dependent on the addition of cations 

from the relatively slow weathering of rocks. Because the rate of anthropogenic 

CO2 emissions is several orders of magnitude greater than the supply of mineral 

cations, on time scales of millennia the ability of the surface oceans to absorb CO2 

                                                                                                                                                     
sink was claimed to have been identified, operant in at least some years, in the continental US (Fan et al., 
1998). This claim is not generally accepted. 
112 The concept of the oceans as a carbon sink was suggested by Arrhenius in 1903 (Revelle and Suess, 1957). 
113 The vast majority of terrestrial plant mass, such as stems and roots, though a product of photosynthesis is 
not photosynthetic. Furthermore, some of this biomass, such as roots, respires but does not photosynthesise. 
114 Thus forming the basis of certain geo-engineering suggestions, discussed briefly in chapter nine. 
115 By contrast, terrestrial ecosystems are estimated to contain only three times more C (2,060 Gt) than the 
atmosphere (735 Gt C) (Hu et al., 2001). Approximately 90 Gt of carbon are exchanged per year in each 
direction between the ocean surface and the atmosphere. 
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will inevitably decrease as the atmospheric concentration of the gas increases” 

(Falkowski et al., 2000) (emphasis added). 

However, of more immediate concern, these workers also raised concerns that 

sequestration of atmospheric CO2 into the ocean interior116 may be reduced by warming-

associated stratification of the ocean column. Other workers have also pointed out that the 

oceanic carbon sink may be sensitive to climatic changes, including by changed ocean 

circulation,117 reduced sea ice coverage, temperature-dependent changes in CO2 solubility and 

altered biological activity (Broecker et al., 1999; Caldeira and Duffy, 2000; Falkowski et al., 

2000; Sarmiento et al., 1998). 

Concerns that a warmer climate may harm the oceanic carbon sink remain unproven. 

For example, the suggestion that altered Southern ocean deepwater formation may harm the 

carbon sink has recently been disputed by Caldeira and Duffy (2000).118 However, these 

authors still concluded that the risk to carbon uptake in the Southern Ocean resulting from 

future climate change could not be entirely discounted. The presence of so many uncertainties 

make confident predictions, for at least the next decade, appear impossible, until scientific 

understanding advances. 

The size of the oceanic carbon sink appears also to be sensitive to the ENSO cycle.119 

Recent satellite-based data is reported to have shown a substantial increase120 in oceanic net 

primary production121 (NPP) during La Niña years (Behrenfeld et al., 2000). 

The terrestrial carbon sink 

Although the net primary production of the terrestrial biosphere, like the oceanic NPP, 

is the difference between plant photosynthesis and plant respiration, calculating the terrestrial 

carbon balance is more complex. For a start, terrestrial plant mass has a far higher proportion 

                                                 
116 This process is controlled by the formation of cold, dense water masses at high latitudes, especially in the 
North Atlantic and perhaps in the Southern Ocean confluence.  
117 For example by increased rainfall over the Southern Ocean, resulting in decreased salinity; hence reduced 
deepwater formation, and a lower downward carbon flux. 
118 This work suggests that much of the carbon is transported northward; hence any change in deepwater 
formation in the Southern Ocean is unimportant. 
119 During La Niña the upwelling in the Southeastern Pacific ocean is reduced; this is a region in which as 
much as 20-50% of oceanic biological production is thought to occur (Loubere, 2000). 
120 Of as much 6 Gt per annum, from 111 to 117 Gt (Behrenfeld et al., 2000).  
121 NPP is the difference between respiration and photosynthesis. 
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of respiring, but non-photosynthesising material (such as roots) than does the oceanic plant 

mass. Secondly, a considerable fraction of terrestrial biomass is found in the soil.122 

Net ecosystem production  (NEP)123 represents the net carbon flux from or to the 

atmosphere in an ecosystem undisturbed by human activity (Cao and Woodward, 1998).124 

However, others argue that NEP, though a substantial advance over NPP, is still too crude a 

measure. These workers argue that a preferable measure of the terrestrial carbon flux is the net 

biome production (NBP). NBP attempts to account for changes to the carbon balance because 

of fires, insect-induced tree mortality,125 logging,126 and other natural and human-induced 

disturbances (Bolin et al., 1999; Schulze et al., 2000). 

Climatic and ecological factors which influence these measures include the fertilising 

effect of high atmospheric concentrations of CO2, air and soil temperatures,127 soil moisture, 

the presence of other nutrients such as nitrogen, and the species composition of the 

ecosystems. Farming practices, such as ploughing depths (Anonymous, 2000b) also influence 

soil carbon storage. 

Chambers et al (2001) estimate that – even if there is a large increase in productivity 

for example from CO2 fertilisation – the ability of forests to sequester carbon in the Amazon 

rainforest will be less than .2-.3 Gt C per annum.128 While arguing that Amazonia is a vital 

resource for this purpose, they point out that terrestrial carbon sinks cannot be expected to 

solve the atmospheric buildup of CO2. 

                                                 
122 A meta-analysis of seventeen global models, performed as part of the International Geosphere-Biosphere 
Programme concluded that, after exclusion of two outliers, the probable range of annual terrestrial NPP is 
between 44.4-66.3 Gt (Cramer et al, 1999). 
123 Of course the soil does not breathe; this term refers to respiration by all the micro-organisms found in the 
soil. 
124 The carbon is stored in plants, leaf litter, plant detritus and soil carbon (such as charcoal), which remains in 
the soil. Trees are particularly important carbon stores because of their long life (Chambers et al., 2001). This 
ecosystem service can also continue for many years after the tree death, either standing or lying on the forest 
floor. 
125 Trees in areas with high nitrogen levels grow rapidly but are vulnerable to insect and mildew attack. In 
these areas, trees absorb substantial amounts of nitrogen from the atmosphere, but lack adequate supplies of 
certain other nutrients, leached from the soil by surplus nitrates, deposited as acid rain. In addition, some 
species adapt better to excessive nitrogen, and this is predicted to have effects on ecosystem function and 
biodiversity (Moffatt, 1998). 
126 Not all carbon removed from forests by logging is quickly returned to the biosphere, some is sequestered 
in buildings, furniture and libraries. 
127 Warming of the tundra may liberate enormous quantities of CO2 and CH4 (Cicerone, 1988; Oechel et al., 
2000; Schiermeier, 2001).  
128 In comparison to anthropogenic emissions of about 6 Gt C per annum. 
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Falkowski et al (2000) predict that, similar to the oceans, “the negative feedback 

afforded by terrestrial ecosystems in removing anthropogenic CO2 from the atmosphere will 

continue; however, the sink strength will almost certainly weaken. They also point out that the 

capacity of both sinks is affected by the availability of other nutrients. 

Important factors that influence the terrestrial carbon sink are fires, deforestation and 

other ecosystem changes. The patterns and causes of both the frequency and severity of fires 

are multifactorial, and often involve human factors. Deliberate large-scale burning and 

clearing of tropical forests in Southeast Asia, the Amazon (Laurance et al., 2001; Nepstad et 

al., 1999),129 Africa and the coniferous forests of Russia (Jardine, 1994) are likely to reduce 

their area and hence capacity to act as net carbon sinks.130 Some ecosystems, altered by both 

climate change and increased CO2 concentrations (Smith et al., 2000a)131 may be more fire-

sensitive. Recent experimental evidence, using CO2-enhanced artificial environments, has also 

found that the carbon sink service of ecosystems is positively correlated with biodiversity 

(Reich et al., 2001). 

Until recently, most general circulation models used to predict future climate scenarios 

have excluded the feedback between climate and the biosphere (Cox et al., 2000). Cao and 

Woodward (1998) incorporated these feedbacks to estimate future effects on the terrestrial 

carbon sink in response to changes in atmospheric CO2 concentration and climate change. 

Reassuringly, they forecast an increase in NEP132 until 2070, the limit of their modelling.133 

                                                 
129 A fire control programme, introduced in 2000, has led to substantial reductions to the extent of fires in the 
Brazilian Amazon (Nepstad et al., 2002). 
130 A forest fire will release stored carbon, but this will be followed by an increase in CO2 uptake. However, 
forest fires and clearing is likely to reduce CO2 storage, for example by reducing the long-tem storage 
capacity afforded by dead trees. Replacing this carbon store is likely to take decades at least (Chambers et al, 
2001). 
131 These workers have predicted significant changes to US desert ecosystems because certain invasive grass 
species are disproportionately advantaged by increased CO2 levels. In turn, this is predicted to increase the 
frequency and severity of fires in these arid regions, which normally remain unburned, as the invasive grass 
provides sufficient fine fuel to carry fire between adjacent plants, normally separated by bare zones. CO2 
levels, independent of climate change, are also predicted to change the relative proportions of different tree 
species, including the loblolly pine (LaDeau and Clark, 2001).  
132 They assumed that the rate of carbon accumulation by forests declines to zero as they mature. Other 
workers argue that the preservation of old growth forests may have a larger effect on the carbon cycle than the 
promotion of regrowth (Schulze et al., 2000). Monitoring of mature tropical forests plots has shown that most, 
especially in lowland sites in tropical Central and South America, are net absorbers of CO2. The same authors 
warn that this capacity is vulnerable to effects discussed in the main text (Phillips et al., 1998). The clearing 
of old growth forests releases large quantities of stored carbon, which may be ignored if the carbon balance is 
measured by the NPP rather than the NBP. 
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White et al., (1999) however, reported an extreme possibility that could lead to 

“runaway” climate change, in part because of substantial collapse of the terrestrial carbon sink. 

In one scenario, global NEP peaks in about 2030 before then declining to zero by 2100, partly 

caused by climate-change associated alterations in tropical forests, including in the Amazon.134 

The scenario predicted by Cox et al (2000) was even more worrying: they suggested that the 

terrestrial biosphere may become a net source of carbon by as early as 2050 and predicted the 

CO2 concentration by 2100 may be 250 ppmv higher than found using general circulation 

models with more static assumptions. 

An assumption of these models – that respiration will tend to increase as global 

warming proceeds – has recently been challenged (Grace and Rayment, 2000). These workers 

concluded that runaway warming due to collapse of the terrestrial carbon sink was therefore 

unlikely. However, the “runaway” models findings did not hinge on increased respiration as 

the major factor in a decreased carbon sink, but focussed more on concerns that drought and 

other climatic factors would have large-scale adverse effects on the terrestrial sink of the 

forests. 

In fact, the models could even be conservative, because they may fail to account 

sufficiently for human factors described above, and other synergistic ecological effects, 

adverse to tropical forests, described below (Myers, 2000a). These include the fragmentation 

of tropical forests, leading to increased “perimeterisation” or “edge effects” (Gascon et al., 

2000; Laurance et al., 2000; Skole and Tucker, 1993).135 This increases the vulnerability of 

large trees to winds, drying and fire. Negative synergies can also occur between logging, 

ENSO, flowering patterns and reduced or altered populations of seed dispersing species136 

(Curran et al., 1999; Da Silva and Tabarelli, 2000; Hartshorn and Bynum, 1999; Kaiser, 

                                                                                                                                                     
133 They found that NEP stabilised from about 2020 at about 3.2 Gt yr -1, because of saturation of the CO2 
fertilisation effect and climate temperature and soil moisture related limitations to carbon absorption (Cao and 
Woodward, 1998). 
134 Only 15% of the Brazilian Amazon is deforested; however, tight coupling is recognised between the 
rainforest and the regional climate. This means that deforestation beyond an as yet uncertain threshold may 
disrupt the rainfall pattern (Nepstad et al., 2002), leading to runaway damage to the remaining forest, with 
global consequences. 
135 Edge effects may extend as far as 1000 m in from forest margins (Skole and Tucker, 1993). 
136 Synergies may also occur with human disease. Nisbett and Monath (2001) have recently warned that the 
interaction between Asian-based logging companies working in West Africa may facilitate the 
transcontinental exchange of two particularly devastating diseases: a form of HIV/AIDS that is easily 
transmissible heterosexually (into Liberia) and yellow fever (into South East Asia). The causal pathway 
includes the killing of non-human primates, the rotation of both loggers and prostitutes from South-East Asia, 
and the breakdown of civil order and public health in Liberia and its neighbours, Guinea and Sierra Leone. 
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1998a; Moore, 2001; Wright and Jernvall, 1998). Bazzaz (1998) argues that “global change 

can decouple these tight co-evolutionary interactions” and that “tropical forests may be very 

sensitive to climate change”. Some workers also claim that the large-scale forest fires in the 

US in the year 2000137 may partly have resulted from climate change (Flannigan et al., 2000). 

Sudden or runaway climate change (Daily, 2001) from loss of the vital ecosystem 

services of the carbon sink is a prospect that cannot be ignored. None of the studies have yet 

looked beyond 2100. A threshold-associated reduction in the CO2 fertilisation effect may 

interact with human and “natural” factors, including forest clearing, fires and perhaps, as yet 

unforeseen forces to reduce the carbon sink. If, as seems probable, human CO2 emissions 

remain high at this time, then runaway global warming could result. If this were to occur then, 

its effects, even conservatively, would be extremely damaging to infrastructure and the 

economy. Perhaps civilisation as we know it would be imperilled, for example by breakup of 

the Western Antarctic (Oppenheimer, 1998a; Rignot, 1998) and, or, the Greenland ice shelves 

(Dahl-Jensen, 2000), each of which could lead to a se level rise of several metres (see 

following).138 

Climate change and human health 

In 2001, the Intergovernmental Panel on Climate Change, a body consisting of over 

2000 scientists,139 published its third major report. This projected a “potentially devastating” 

rise in the average global temperature of 1.4-5.80C between 1990-2100 (IPCC, 2001a). This is 

a greater rate of change than at any time in the last 100,000 years, except perhaps at the 

transition to the Holocene. Wigley and Raper (2001) argue that the 90% confidence interval 

for warming is between 1.7-4.90C. Forest et al., (2002) have also attempted to quantify 

uncertainty, estimating a 90% confidence interval between 1.3oC – 4.2oC for a doubling of the 

                                                 
137 A recent report has also suggested that climate change was a causal factor for the Australian bushfires in 
2002, the most extensive yet recorded. 
138 However, even if runaway climate change in the 22nd century were to occur, leading to such melting, a 
sufficient lag time may occur to enable adequate preparation. However, sufficient time cannot be guaranteed, 
and it is also possible that the ability of civilisation to respond appropriately at that time could be 
compromised. 
139 The IPCC, jointly sponsored by UNEP and the World Meteorological Organisation, was established in 
1989. 
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CO2 concentration140 to 560 ppm. The original upper limit of this range was an increase of 

7.7oC, but this was reduced by using an expert opinion “prior”, a method criticised by climate 

modeler Michael Schlesinger as "extremely unsatisfactory" (Kerr, 2002b). 

It is difficult to conceive how an average global temperature rise towards the upper 

boundary of even this more limited range could be anything other than devastating to global 

civilisation, because of the cumulative and synergistic effects on sea level rise, precipitation 

and drought patterns, food security and, ultimately, conflict. 

In earlier years, when estimates of both the human contribution to the apparently 

changing climate and the predicted magnitude of that change were far more tentative and 

modest141 (IPCC, 1996) the human health effects of climate change were classified into direct 

and indirect (McMichael et al., 1996: xv). The former are temperature-related changes, both 

adverse from summer heatwaves (Kalkstein, 1993; 2000; Kalkstein and Greene, 1997) and 

possibly beneficial from winter warming.142 Indirect effects are postulated to include changes 

in aeroallergenic diseases such as asthma, air pollution, and vector borne diseases (Epstein, 

2000; Haines, 1998; Haines et al., 2000; Lindgren and Gustafson, 2001; Martens et al., 1995). 

The public health significance of a theoretically altered distribution of potentially 

disease-transmitting insect vectors, secondary to climate change, remains controversial 

(Masood, 2000a). Firstly, the effects of climate change are not predicted to be uniform. In 

some cases hotter summers may reduce mosquito survival; in others, heavier rain may 

diminish breeding opportunities in normally placid streams. In normally moist Sri Lanka, 

mosquito numbers may increase during dry periods.143 Secondly, the burden of vector borne 

diseases such as malaria, dengue fever, Japanese encephalitis and tick-borne encephalitis in 

well-organised populations with high average incomes has been, and can continue to be, 

limited through public health measures such as disease and outbreak surveillance and the 

effective treatment of cases and carriers (Gill, 1923; 1927; Yacob and Swaroop, 1944). Good 

                                                 
140 In turn, this time depends on anthropogenic carbon emissions and climatological feedback, including the 
stability of the carbon sink. 
141 The second IPCC report concluded, in language which at that time was criticised for being excessively 
cautious, that “the balance of evidence suggests a discernible human influence on global climate”. 
142 Kalkstein argues that populations experiencing variable summer weather are at greater risk of heat stress 
than those living in climates with constant heat. In high-income populations the mortality from heat waves 
can be greatly reduced by air-conditioning, and early warning systems (Kalkstein, 2000). Keatinge et al 
(2000) argue that winter warming will be insufficient to significantly reduce current cold-related mortality 
rates, especially in the United Kingdom. 
143 Because of increased mosquito breeding sites in slower-flowing streams. 
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housing (e.g. insect screens) and wasteland management (to reduce insect breeding sites), 

insecticides, and, in some cases, vaccination are also important public health tools which can 

limit outbreaks of vector-borne diseases (Lindgren and Gustafson, 2001). 

Reiter and Dye have criticised claims that vector borne diseases such as malaria are 

already spreading because of climate change on the grounds of inadequate historic evidence 

and confounding by deforestation, increased irrigation and travel (Dye and Reiter, 2000; 

Masood, 2000a; Reiter, 1998a; Reiter, 1998b; Taubes, 1997). However, many such measures, 

including the breakdown of diptheria vaccination in Russia (Mach, 1998), the deterioration of 

housing stock in Eastern Europe, including the creation of vector-breeding habitats in flooded 

basements (Tsai et al., 1998), the unwitting importation of the dengue fever transmitter Aedes 

albopictus into the US (Rogers and Packer, 1993; Vitousek et al., 1997a), and the combination 

of incessant travel and migration, both legal and illegal (Nisbett and Monath, 2001; Wilson, 

1995a; 1995b), demonstrate both the importance of public health services and their 

vulnerability to economic decline. On balance, any increase in the potential global distribution 

of disease-bearing vectors should be regarded as ominous, especially for the millions of people 

who live in populous highland areas of poor countries, including the cities of Harare and 

Nairobi, and who lack immunity to many lowland vector borne diseases, including malaria. 

“Climate wilding” 

The adverse health effects described above are potentially dwarfed by the adverse 

economic effects from what has been called “climate wilding”. These could unfold through a 

web including increased extreme weather events (Easterling et al., 2000; Knutson et al., 1998) 

and damaged infrastructure, secondary to numerous causes, including stronger winds, more 

frequent North Atlantic hurricanes (Goldenberg et al., 2001) heavier rain, floods secondary to 

deforestation (Reuters, 2000a; Zhang et al., 2000), rising sea levels (Dahl-Jensen, 2000; 

Hvidberg, 2000; Mitrovica et al., 2001; Nicholls et al., 2000; Schneider, 1997; Warrick et al., 

1997) and the thawing of tundra (Bellisle, 2001; Schiermeier, 2001; Shenfield, 2001). 

Hurricane Andrew, a single extreme weather event in 1992, caused total losses of 

more than $30 billion, over half of which was covered by insurance.144 This single event 

depleted a large part of the world’s natural disaster insurance, caused the collapse of several 
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insurance companies, and is credited with forcing many insurance companies to seriously 

consider the risk to their industry from climate change (Michaels et al., 1997). Recently, the 

UNEP predicted that annual insurance losses secondary to rising sea level and other climate 

change-related natural disasters could exceed US$300 billion.145 In some small island states, 

such as the Maldives, losses could exceed 10% of annual GNP (Anonymous, 2001b). Lost 

tourism revenues would magnify this loss. 

The global insurance industry is also vulnerable to the effects of economic recession, 

corporate collapses, the impacts of terrorism and the increasingly litigious nature of 

populations in capitalist countries. Global economic recession is likely to be both a cause and 

effect of these interacting factors. In addition, recession is likely to be used to justify 

decreased global environmental protection,146 and thus may increase the risk of 

environmentally triggered civilisation failure. 

Yet, insurance is unobtainable for millions of people living in coastal regions of poor 

countries, such as in Central America and along the Bay of Bengal.147 Such populations face 

many additional risks from extreme weather events. They are less likely to have early warning 

and to be able to flee if they are warned. Deforestation is frequently more severe in poor 

countries, aggravating runoff and increasing the risk of landslides and erosion (Hellin et al., 

1999; Silverstein and Cockburn, 1999). Buildings and other infrastructure are likely to be less 

solidly constructed (Gupta et al., 2001). Populations of poor countries also face higher risks of 

disease and danger, caused both by the acute storm and its aftermath, when damaged 

communication, poor infrastructure and increased risk of disease are likely. 

After a period of scepticism (Michaels et al., 1997) towards environmentalists’ claims 

which warned of increased weather extremes (Gelbspan, 1998; Leggett, 1993) consensus is 

now growing that extreme weather events have and will continue to increase in frequency and 

severity (Easterling et al., 2000; Milly et al., 2002). However, much of the cause of increased 

insured losses in wealthy countries is from human factors, such as population growth and 

                                                                                                                                                     
144 The cost would have been greater had the strongest part of the storm passed through Miami. 
145 A major reinsurance company, Munich Re, has also expressed concerns about the future costs from insured 
climate-change related disasters (Breusch, 2001; Reuters, 2002). However, US based insurance companies are 
reported as being far more sceptical about the risks from climate change (Anonymous, 2001a). 
146 In the short run, however, global recession will slow some forms of global change, for example by 
reducing fossil fuel consumption and the rate of tropical deforestation. 
147 In some high-risk areas, including parts of the Caribbean, the tourist industry is thwarted because building 
construction is limited due to the lack of insurance. 
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changes in geographical locations to more vulnerable positions (Changnon et al., 2000; Press 

and Hamilton, 1999). 

Climate wilding may also lead to more droughts, thereby altering the productivity of 

agricultural areas (Fischer et al., 2001; Parry et al., 1999) (see chapter four). Climate change 

also has many important ecosystem effects,148 at least some of which are likely to adversely 

affect the human economy, especially of indigenous peoples. These include changes in the 

distribution of wild fishstocks (Brown, 2000a; Finney et al., 2000; O'Brien et al., 2000; 

Pearce, 1999) and the habitat of biologically and economically important wildlife, including in 

the Arctic (Krajick, 2001a; Ljunggren, 2000; Smedsrud and Furevik, 2000; Stirling et al., 

1999; Wuethrich, 2000) and Antarctic149 (Barbraud and Weimerskirch, 2001; Vaughan et al., 

2001). 

Sea level change 

Sea level rise, consequent to global warming, is thought to occur mainly because of 

direct warming of seawater (“thermal expansion”) and the melting of ground-based ice.150 The 

IPCC’s most recent report predicts sea level to increase this century by about 50 cm, three 

times the estimated increase in the 20th century. More recently, Cabanes et al., (2001) 

observed a 3.2 ± 0.2 millimeter per annum rise in the global sea level rise (observed by the 

Topex/Poseidon satellite) for the period 1993-98.151 Their models show that this change is 

fully explained by thermal expansion of the oceans. Church (2001), commenting on this paper, 

noted improved agreement between observational data models, but that there are still some 

model limitations and disagreements. This commentary concluded that with present data and 

models, regional sea-level changes still cannot be predicted with confidence. 

Most fears of a major increase in sea level have concerned the melting of ground-

based Antarctic ice (Krajick, 2001b; Oppenheimer, 1998a). However, to date, no net 

                                                 
148 From either natural or anthropogenic causes; researchers, studying populations of Alaskan salmon found 
substantial population fluctuations, over the last 300 years, unconfounded by recent anthropogenic climate or 
overfishing (Brown, 2000a; Finney et al., 2000). 
149 Vaughan et al, (2001) point out that warming along the Antarctic Peninsula is considerably greater than in 
Antarctica generally (Doran et al., 2002), and argue that poorly understood mechanisms, other than simple 
greenhouse gas changes must have a role. 
150 The melting of icebergs has no effect on sea level. 
151 This rate of increase shows an acceleration over the estimated rate earlier in the 20th century. Serial, highly 
accurate paintings of Venice, over a decade by the 18th century painter, Canaletto, have been analysed as 
revealing an annual increase of about 2.7 mm per annum (Holden, 2001). However, at the same time, Venice 
is sinking, so this increase cannot be extrapolated globally. 
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contribution to sea level change has been attributed to this, and the most recent assessment is 

reassuring (Joughin and Tulacyzk, 2002). Nevertheless, a commentary noted that data are still 

insufficient to determine a clear trend (Alley, 2002). Fears particularly persist concerning the 

stability of the Western Antarctic Ice Shelf, especially in the region of Pine Island, regarded as 

a possible “key” to its stability (Rignot, 1998; Shepherd et al., 2001).  

More recently, concerns have also been raised concerning ground-based ice in 

Greenland (Cuffey and Marshall, 2000; Dahl-Jensen, 2000; Hvidberg, 2000, Paterson and 

Reeh, 2001).152 Dahl-Jensen (200) estimates that the melting of ice in Greenland currently 

contributes about 0.7 mm per annum.  

Even small sea level changes can have a severe impact on coastal populations, 

including by salinating ground water, increasing the risk of coastal flooding, and damaging 

wetlands.153 Nicholls et al., (2000) estimate that, relative to an evolving reference scenario 

without sea-level rise, the number of people flooded by storm surge in a typical year will be 

more than five times higher due to sea-level rise by the 2080s. Many of these people will 

experience annual or more frequent flooding, suggesting that the increase in flood frequency 

will be more than nuisance level.  

Puzzling falls in the sea level at certain Pacific islands, including Tuvalu, have been 

claimed to discredit climate change (Chipperfield and Harrison, 2000), but this may result 

from measurement error, associated with sea-level changes with the phase of ENSO.154 In any 

case, recently, New Zealand has agreed to accept an annual quota of immigrants from Tuvalu. 

These immigrants claim to be being increasingly driven from their island by a combination of 

rising sea level, coastal erosion, droughts, and unusually severe weather (Kirby, 2001a; 

Simms, 2001). If so, they may be the world’s first refugees consequent to anthropogenic 

global climate change. 

                                                 
152 Melting of the whole of the Greenland icecap would raise sea level by about seven metres (Dahl-Jensen, 
2000), even more than melting of the Western Antarctic Ice Shelf. 
153 Nicholls et al., (2000) estimate that sea level rise, alone, will cause the loss of about 20% of the world’s 
coastal wetlands. 
154 In a non-El Niño period, the prevalent direction of the winds in the Pacific Ocean is from the East, so that 
the sea level off Australia is higher compared to the coast of Latin America. During an El Niño period the 
wind direction reverses, and so does sea level gradient. Between January and March 1997 NASA data showed 
a 34cm rise in sea level in the Eastern Pacific, along with a 5.4oC rise in sea surface temperature (Anonymous, 
1998b). Recent insights into the gravitational effects of large iceshelves with consequent regional variation in 
sea level changes may also reconcile observation with theory (Mitrovica et al., 2001). Sea level is also 
affected by aquifer drawdown (increasing it) and storage in dams (lowering it) (Sahagian et al., 1994). 
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The El Niño Southern Oscillation, human health and human society 

An important aspect of the debate concerning climate change and human health 

include the health effects of the ENSO. El Niños, in particular may be increasing in both 

frequency and intensity, possibly resulting from climate change (Cole, 2001; Dunbar, 2000; 

Fedorov and Philander, 2000; Guilderson and Schrag, 1998; Timmermann et al., 1999; 

Trenberth and Hoar, 1996; Tudhope et al., 2001) (see also chapter seven). Intensified El Niño-

La Niña cycles may alter the epidemiology of many vector borne diseases, including malaria, 

and several arboviral illnesses (Bouma and Kaay, 1994; 1996; Hales et al., 1999a; 2000; 

Linthicum et al., 1999; Woodruff and Guest, 2000). Cholera and Hantavirus155 have also been 

linked with climate change and ENSO (Colwell, 1996; Pascual et al., 2000; Wilson, 1995).156 

Other effects may include changes in ciguatera157 poisoning (Hales et al., 1999b; 

McCarthy, 1997) and perhaps most importantly more disasters secondary to the floods, 

landslides, droughts158 and fires159 associated with ENSO’s different poles, which of course 

vary geographically (Bouma et al., 1997). In turn, any increase in the frequency and severity 

of disasters is likely to have profound adverse social, economic and health effects (Brown, 

2000b; Kovaleski, 2000).  

Finally, changes to ENSO, even if independent of global warming, may exacerbate 

eco-impoverishment. This may unfold through a positive feedback loop of increased tropical 

deforestation, secondary to synergisms between ENSO related drought, increased fires and 

logging, changing fruiting patterns (Curran et al., 1999; Hartshorn and Bynum, 1999; Nepstad 

et al., 1999) and increased poverty, corruption, political instability (Aditjondro, 2000; 

                                                 
155 The outbreak of Hantavirus pulmonary syndrome in the “Four Corners” region of the US in 1993 has also 
been linked to heavy rains, associated with El Niño. The rain, in combination with a depleted population of 
predators, led to an explosion in the population of deer mice, which carry the virus (Woodruff and Guest, 
2000). 
156 Of course, co-factors, such as poor hygiene and inadequate water and sewerage treatment are still needed. 
157 This is caused by the ingestion of coral reef inhabiting fish that have fed on toxin-producing marine algae. 
It occurs in the Caribbean and on Indo-Pacific islands. The algae populations are favoured not only by 
warmer sea temperatures, but also by damaged corals (Morris, 1999). Hales et al (1999b) found a relationship 
between ciguatera and warmer sea surface temperatures associated with the El Niño effect in certain islands 
of the eastern Pacific. 
158 The 1997-98 El Niño event caused severe - perhaps record - drought in both Papua New Guinea (PNG) 
and West Papua. Bourke (1999) discusses how the impact on food security was ameliorated in PNG by higher 
cash incomes, even though the drought was more severe, an example of how incomes based on adjustment for 
purchasing power parity can be misleading (see chapter five). 
159 The fires in Indonesia during the El Niño event of 1997-98 burned over 5 million ha, including 2.6 million 
ha of forest, far more than admitted at the time (Siegert et al., 2001). 
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Dauvergne, 1997; Didia, 1997; Jepson et al., 2001; Witoelar, 2000),160 debt, desperation and 

despair (Szreter, 1999). Reduced natural capital from further tropical deforestation is likely to 

impair local ecosystem services and to exacerbate conflict, never far from the surface in 

populous, poor tropical countries, including Indonesia, sub-Saharan Africa and Brazil161 

(McMichael et al., in press). 

Stratospheric Ozone Depletion 

The science of stratospheric ozone depletion 

Stratospheric ozone depletion was detected in the 1960s by several ground-based 

stations, including in Switzerland, where monitoring had started in the 1920s and Antarctica, 

where observations began in 1957 (Farman et al., 1985). Starting in November 1978, 

continuous satellite observation of the SOL soon detected a global decline in it, particularly 

marked over Antarctica. Documenting increased ground-based UVR proved more difficult 

than the detection of SOD, but a 12% increase in peak UVR was demonstrated in New 

Zealand over the period 1990-1998 (McKenzie et al., 1999).162 

Vigorous industry-led denial of both the existence and significance of SOD persisted 

for several years (Dotto and Schiff, 1978), but started to dissipate after a particularly steep 

decline in SOD was detected in 1985, generating widespread concern.163 Concern about 

significant SOD over the more populated Arctic region was raised in the early 1990s, when 

                                                 
160 Didia (1997) finds a negative correlation between an “index of democracy” and the extent of tropical 
deforestation, i.e. deforestation is associated with authoritarianism. Dauvergne (1997) also argues that lack of 
democracy is a deep causal factor of tropical deforestation in South East Asia, facilitated not only through 
patron-client relationships in the production countries, but also a maze of secrecy and denial in Japanese 
corporations, the main exploiter of the tropical forests. 
161 Recent evidence from Brazil (Nepstad et al., 2002) suggests this may be starting to change. 
162 Significant SOD had already occurred in 1990, therefore the true anthropogenic increase in UVR is likely 
to be higher, at least at this latitude.  
163 The thickness of the October ozone column at Halley Bay (76 degrees S) in 1985 fell to only 200 Dobson units 
(DU). This led to descriptions of an ozone "hole". By comparison, the average thickness of SOL in the early 
1960s was over 300 DU (see chapter seven).  
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scientists became increasingly concerned about an interaction between SOD and global 

warming (Aldhous, 2000; Austin et al., 1992; Mahlman, 1992).164  

The compelling evidence of SOD, together with belated industrial co-operation, 

perhaps fuelled by technological breakthroughs enabling commercially viable ODS 

substitutes, led to a series of increasingly stringent global agreements (Krueger, 1996; Slaper 

et al., 1996), although some SOD contrarians continued to deny the significance of the entire 

issue (Gelbspan, 1998).165 

Of relevance to current efforts to restrict GHG emissions, the global SOD protection 

treaties provided mechanisms to cushion their economic impact on low-income countries, 

including by allowing a prolonged phaseout, until 2010 for some substances, of ODS 

production in China and India. Wealthy countries also pledged to provide millions of dollars to 

a special fund, to facilitate “technological leapfrogging” in poor countries (Reddy and 

Goldemberg, 1990). 

However, initial optimism that these measures would rapidly solve the problem of 

SOD has not yet been realised. Most ODS substitutes still possess ozone-catalytic properties, 

and several ODS are not due to phased out until 2030 (Montzka et al., 1999). An extensive, 

lucrative but poorly quantified black market for several ODS has flourished (Spurgeon, 1997). 

Less ozone-harmful substitutes for some ODS have been difficult to develop, especially for 

the bromine containing halon-1211166 (H-1211), used mainly as a fire-extinguishing agent, and 

for the fumigant methyl bromide. There are also allegations that parts of the US military have 

continued to use halocarbons (McMichael, 2001a: 307).167 

de Gruijl (2000) reports also that many countries have not yet ratified the Copenhagen 

amendment to the Montreal Protocol, designed to phase out production of halons and 

bromides. Bromine is more than fifty times as potent an ODS than chlorine, and emissions of 

H-1211 have remained unexpectedly constant between 1991 and 1998, despite stringent limits 

on their production adopted in high-income countries since 1994 (Montzka et al., 1999). 

                                                 
164 A significant degree of SOD over the non-tropical Northern Hemisphere first occurred in April 1990 (see 
chapter seven). Recently, models have predicted that that widespread severe denitrification, as a result of 
ongoing climate change, could enhance future Arctic ozone loss by up to 30% (Tabazadeh et al., 2000). 
165 Including the leading climate change contrarian Singer (Gelbspan, 1998: 65). 
166 Considerable uncertainty exists concerning the true atmospheric lifetime of H-1211 (CBrClF2). 
167 One of the Kyoto Protocol’s provisions exempted the accounting of carbon emissions produced by the US 
military from the US total. 
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Montzka et al (1999) have calculated the combined ozone depleting potential (ODP) 

of different anthropogenic ODS, accounting for their atmospheric concentration and 

lifetime.168 They found that ODP peaked in 1993-4, at about 3120 ppt EECl, but declined by 

only 3% until 1997. They attributed most of this decline to a rapid reduction in emissions of 

trichlorethane,169 a cleaning solvent used commonly in the 1980s. Because of its short 

atmospheric residence,170 this formed a disproportionate component of the overall decline in 

the ODP index. Thus the rate of decline of this index is likely to diminish. These workers also 

calculated a range of emission scenarios to estimate ODP between 1998 and 2010, concluding 

that the decline in ODP would plateau by 2010, at only 6% below its peak, unless emissions of 

ODS unexpectedly decline further in the next decade (Fraser and Prather, 1999; Montzka et 

al., 1999). 

Other factors influence SOD. These include stratospheric temperature, volcanically 

produced hydrogen chloride171 (Brasseur, 1992) and the abundance of several GHGs that 

influence the availability of reactive stratospheric halogens, such as CH4 
172and nitrous oxide 

(N2O) (Aldhous, 2000; Bange, 2000). Many of these factors are secondary to human activity, 

including, probably, stratospheric cooling, a theoretically predicted consequence of warming 

in the lower atmosphere. Recently, stratospheric dust particles containing nitric acid have been 

postulated to influence SOD (Fahey et al., 2001; Kerr, 2001d). 

Stratospheric ozone depletion and human health 

 A large literature now exists concerning SOD and human health, published after the 

groundbreaking papers already cited (Armstrong, 1994; de Gruijl, 2000; Lehmann, 1995; 

Longstreth et al., 1998; Marks, 1995; Martens et al., 1996; Martens, 1997). The stratospheric 

ozone layer reduces transmission of harmful UVR wavelengths (Madronich et al., 1998). 

                                                 
168 The lifetime of ODS vary with their rate of photochemical destruction, in both the troposphere and 
stratosphere. ODP takes account of the effectiveness of the ozone depleting chemical reactions. ODP, also 
called “effective equivalent chlorine” (EECl) combines data for over a dozen ODS (Montzka et al., 1999). 
169 Trichlorethane (CH3CCl3) is also called methyl chloroform. 
170 Of less than five years. 
171 Unlike anthropogenic ODS hydrogen chloride of volcanic origin is rapidly removed from the troposphere 
by washout processes in clouds. 
172 The interaction between methane and ozone has probably significantly reduced the rate of methane 
increase (Dlugokencky et al., 1998). 



Chapter one: Inequality, sustainability and civilisation  

   

68 

Concerns that stable, long-lived anthropogenic compounds called halocarbons,173 used 

primarily as propellants, refrigerants, fumigants and fire extinguisher components, could 

damage the SOL, by acting to catalyse ozone depleting reactions were expressed in the 1970s 

(Dotto and Schiff, 1978; Molina and Rowland, 1974). Many such compounds, collectively 

called ozone depleting substances (ODS) are also potent GHGs (Myhre et al., 1998; 

Ramanathan, 1998). 

The main direct adverse human health effect of increased UVR exposure is to the skin, 

eye, and immune system (de Gruijl, 2000; Longstreth et al., 1998). Recent work has also 

suggested that increased UVR, secondary to SOD, may have beneficial effects on population 

health, by protecting against prostate cancer (Luscombe et al., 2001) and several auto-immune 

diseases, including diabetes mellitus, rheumatoid arthritis and multiple sclerosis (Ponsonby et 

al., submitted).174 An optimal, time-based dose of UVR (especially in childhood) may exist, 

which balances harmful and beneficial effects. If this concept is valid, then its estimation is 

likely to depend on a range of factors, including age, behaviour, ethnicity, latitude and cloud 

cover as well as SOD. 

SOD may also have important terrestrial and aquatic ecosystem effects, including to 

grasslands, forests,175 animals (Caldwell et al., 1998) and phytoplankton (Häder et al., 1998; 

Neale et al., 1998). Increased UVR, with or without increased ambient temperatures, is also 

predicted to shorten the service life of materials such as plastic and wood. Low-income 

countries176 that experience high temperatures are likely to be particularly affected, despite the 

relatively small proportional decrease in stratospheric ozone at these latitudes (Andrady et al., 

1998). 

 

 

 

 

 

                                                 
173 A molecule containing a halogen (eg chlorine, fluorine or bromine) and carbon. Chlorofluorocarbons 
(CFC) are probably the best-known class of halocarbons. 
174 The relationship between UVR, rickets and osteoporosis has been recognised for many years (Holick, 
2001). 
175 Biological effects of increased UVB radiation may accumulate in long-lived plants such as trees.  
176 Also called “developing countries” or the South. 
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Biodiversity and ecosystem health 

Humans have occupied, damaged or eliminated the natural habitat of many other 

species. The human appropriation of the products of terrestrial photosynthesis177 has been 

estimated at about 40% (Field, 2001; Rojstaczer et al., 2001; Vitousek et al., 1986).178 The 

decline in global biodiversity has been characterized as the sixth major extinction in Earth's 

history, but the first to be caused by a single species (Chapin et al., 2000; McNeill, 2000: 262-

4; Myers et al., 2000; Wilson, 1993; 1998). Biologists estimate that up to one third of all 

species alive in the nineteenth century may vanish by the end of the current century (Chapin et 

al., 2000; Pimm et al., 1995). McNeil estimates that the extinction rate of mammals and birds 

in the 20th century, compared to the background rate,179 was about 40 and 1000, respectively 

(McNeill, 2000: 263). 

Altered biodiversity,180 especially loss of “keystone” species can alter the functions and 

resilience of many ecosystems (Bond, 2001; Sanford, 1999). This may also reduce an 

ecosystem’s ability to absorb carbon (Reich et al., 2001). Altered biodiversity can lead to 

declined productivity (Tilman, 2000), even if total biomass remains constant, with many 

adverse consequences to human interests (Chapin et al., 2000; Diamond, 1991: 322-323; 

Moore, 2001; Pacheco and Simonetti, 2000; Purvis and Hector, 2000; Williams, 1998).181  

A well-recognised adverse effect is the loss of genetic material for research into 

pharmaceutical182 or alternative food crops (Cassis, 1998; Cox, 2000; Lister and Schrire, 1999; 

Myers, 1997b; Tanne, 1998). To maintain the hybrid vigour and environmental resilience of 

                                                 
177 Human appropriation of certain marine ecosystems is also high, estimated in 1995 at between 24 and 25% 
of the productivity of upwelling and continental shelves (Pauly and Christensen, 1995). Vitousek et al (1986) 
however, estimated appropriation of the total marine photosynthetic capacity at only 2.2%. 
178 Vitousek et al (1986) made three estimates concerning the appropriation of terrestrial photosynthesis. The 
lowest (3.5%) simply refers to appropriation of net primary production for food, domestic animal, fibre and 
timber. The middle estimate (30.7%) includes a measure of Net Primary Production (NPP) co-opted by 
humans, that is, used in human-dominated ecosystems. The high estimate (38.8%) adds potential NPP lost as 
a consequence of human activities, including an estimate for soil erosion and so on. Lomborg (2001: 99) 
claims that Vitousek et al did not intend their high estimate to be taken seriously. However, a careful reading 
of their paper does not support Lomborg’s interpretation. For example, Vitousek et al (1986: 373) conclude: 
“our results do indicate that with current patterns of exploitation ... a substantially larger human population … 
could not be supported without co-opting well over half of terrestrial NPP”. 
179 That is, the estimated frequency of extinctions, determined from the fossil record. 
180 Bio-invasion may be said to have enhanced local biodiversity, at the expense of global biodiversity. 
181 Tropical deforestation and increasingly intensive hunting of non-human primates also exposes human to 
emerging diseases (Wolfe et al., 2000). 
182 Also called “ethnobotany” (Cox, 2000). 



Chapter one: Inequality, sustainability and civilisation  

   

70 

"food" species, a diversity of wild species needs to be preserved as a source of genetic 

additives. Similarly, a high proportion of modern drugs in western medicine have natural 

origins (Cox, 2000). Many defy laboratory synthesis. 183 An over-reliance upon cloned, 

genetically modified crops184 may also be imprudent; recent research in China found that 

several rice strains, planted together on a large scale, were more resistant to a fungus, to the 

point where the farmers involved in the experiment were able to stop using fungicides (Wolfe, 

2000; Zhu et al., 2000). Ecosystem services provide large economic benefits to humanity 

(Costanza et al., 1997; Daily, 1997). The value of these (usually uncosted) benefits 

conservatively exceeds the total value of the global human economy,185 which ecological 

economists argue is a subset of the wider natural economy (Daly, 1996). 

Numerous ecosystem services benefit humanity. These include pollination (Nabhan 

and Buchman, 1997; Watanabe, 1994), a service provided by insects. Forests reduce water 

runoff and soil erosion during storms and heavy rain, in turn buffering both floods and 

droughts. Wetlands purify water through natural filters (Chichlinisky and Head, 1998). 

Mangrove and coral ecosystems provide habitat for fish breeding, but many such ecosystems 

are declining (Jackson et al., 2001; Kaufman and Dayton, 1997; Szmant, 2001). Coastal 

vegetation also provides protection from sea surges, which are likely to be of greater 

significance in association with rising sea levels predicted as a consequence of climatic 

warming.  

As well as being degraded by species extinction and removal ecosystems have been 

extensively modified by the human-associated spread of "invasive" species (Kaiser, 1999, 

Lövei, 1997; Vitousek et al., 1997a).186 Sometimes, species have been introduced deliberately 

                                                 
183 Thousands of novel natural chemicals are still tested each year, seeking drugs to treat HIV, malaria, drug-
resistant tuberculosis, cancers and so on. 
184 A complete examination of genetically modified organisms (GMOs) is beyond the scope of this thesis. 
There are many reasons for caution, such as the recent claim that “superweeds”, resistant to many herbicides, 
have evolved, by incorporating genes in pesticide-resistant crops (Brown, 2002). Exaggerated claims about 
the benefits of Vitamin A-enriched rice (Schnapp and Schiermeier, 2001) have reduced the credibility of 
GMO advocates. On the other hand, genetic modification may help to overcome the numerous hurdles that lie 
ahead, especially to enhance food security in the Third World (Serageldin, 1999; Sheehy, 2001a; Somerville 
and Briscoe, 2001). (See also chapter four). 
185 Smil argues that the real value of these services must be even higher (Smil, 1998). 
186 According to McNeil, the global scale of this was recognised by 1958, when Elton wrote “We must make 
no mistake: we are seeing one of the great historical convulsions of the world’s fauna and flora” (McNeill, 
2000: 262) 



Chapter one: Inequality, sustainability and civilisation  

   

71 

(eg rabbits in Australia, starlings in the US)187 (Low, 1999; McNeill, 2000: 252-262), in other 

cases accidentally, such as exotic species transported in ballast water (Carlton and Geller, 

1993; Stone, 2002a; Vitousek et al., 1997a; Wilson, 1995a). Adverse human health effects are 

sometimes clear, such as the choking spread of water hyacinth in eastern Africa's Lake 

Victoria, introduced from Brazil as a decorative plant. This has provided a micro-environment 

for the proliferation of diarrhoeal disease bacteria and water snails that transmit 

schistosomiasis (Epstein, et al., 1998). The extermination of the North American passenger 

pigeon, at one time perhaps the most populous bird species in the world, may be related to the 

emergence of Lyme disease (Blockstein, 1998; Chapin et al., 2000).188 

According to Chapin et al (2000), the overall cost of invasions by exotic species in the 

US ranges from $1.1 to $137 billion annually; while in Australia, plant invasions alone are 

estimated to entail an annual cost of US$2.1 billion. 

Indonesian logging, inequality, and greed 

Analysis of illegal logging processes within national parks in Indonesia provide 

several insights into mechanisms that link falling biodiversity, inequality and sustainability. 

Jepson et al (2001) point out that, twenty years ago, Indonesia endorsed the principles of 

sustainable forest management. But, they warn, if “the current state of resource anarchy 

continues, the lowland forests of the Sunda Shelf, the richest forests on Earth, will be totally 

destroyed by 2005 on Sumatra and 2010 on Kalimantan”. Sections of their article, which are 

quoted here at length, provide vivid insight into the pervasiveness of corrupt practices that 

prevent sustainable forest management in Indonesia: 

 

“In the concessions we visited, illegal logging gangs were operating freely along 

logging roads. Large areas of forest had been newly cleared and burned to create 

new agricultural plots. Numerous piles of sawn timber indicated extensive portable 

saw mill operations within the forest. Within concessions, basic security measures 

                                                 
187 Eighty pairs of starlings were released in Central Park, New York, in 1890 or 1891, allegedly so that the 
US could have every bird mentioned in Shakespeare (McNeill, 2000: 253). 
188 The demise of the pigeons greatly expanded the supply of was acorns; which in turn increased the food 
supply of mice, a host of the tick which transmits Lyme disease. In turn, the larger mice populations helped to 
control gypsy moths, a pest species which, according to McNeill, had been accidentally released into the wild 
in the US in 1869 (McNeill, 2000: 253). 
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were lacking, and road barriers were unmanned. A skid trail used by the illegal 

gangs to drag out rough-sawn timber even crossed one concessionaire's yard. 

Entrepreneurs (known as "cukong") prefinance these gangs; loans are repaid with 

timber delivered to sawmill and warehouse gates. Concessionaires claimed that 

logging gangs would gang up to burn camps and logging trucks if a company 

attempted to interfere with their illegal activities.  

The security of logging concessions is supposedly a joint responsibility of 

the concession company and the district forest department, yet neither make any 

attempt to stop illegal logging. Roads constructed by the forest concessionaires to 

provide access to new and undisturbed forests are appropriated by illegal logging 

networks. Key officials ("oknum") in local government act in collusion with illegal 

loggers by turning a blind eye and/or providing permits for timber transport. Some 

government officials want to stop illegal logging practices; they face serious 

intimidation and even arson and murder. 

In Gunung Leuser National Park, leaders of logging gangs ("tauke") have 

negotiated agreements with leaders of communities for title over forest lands that 

overlap official park boundaries. Several of these gangs are backed by army and 

rebel groups working in collusion with foreign-backed interests. Malinau 

communities of East Kalimantan have signed away rights for up to 15,000 ha of 

land, some of which is already licensed by the central government to timber 

concession companies. The cukong protect themselves with quasi-legal documents 

that make villages liable for payments of up to US$230,000 should they renege on 

the deal.  

Communities have two reasons to surrender their quasi-legal rights. First, 

immediate cash benefits far exceed anything acquired during past political eras. 

Second, they fear retribution from illegal logging networks. Participation in illegal 

logging is more lucrative in the short term than any benefits offered by 

concessionaires, conservation initiatives, or sustainable forestry projects supported 

by donor agencies” (Jepson et al., 20001) (emphases added). 

 

This depressing situation illustrates more than simple corruption. It also demonstrates 

that inequality itself is an integral factor to unsustainable logging in Indonesia. Powerful 

individuals, corporations, and possibly government officials profit from the illegal logging. 

Comparatively powerless local populations are lured into participating in the forest clearance 
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by a combination of physical and financial coercion, as well as greed. Were the power 

differentials less severe, then it is likely that resistance to the logging by the local population 

would be stronger. But clearly, the situation has evolved into one in which such resistance is 

barely tolerable.189 Though Jepson et al., 2001 provide no explicit evidence of the murder of 

any individuals opposed to logging, evidence from both Brazil (Mendes, 1990; Nepstad et al., 

2002; Rohter, 2001)190 and Mexico (Hertsgaard, 2001) show that powerful populations 

elsewhere in the Third World will resort to murder to silence opposition, in order to further 

profit from ecological damage. 

Nor should the analysis of inequality end by assuming that it is the logging companies, 

or even corrupt politicians that are the root cause of illegal logging.191 In fact, forces drive 

many such individuals, holding more powerful positions in the chain of corruption and 

exploitation, not so dissimilar to those which drive the most powerless human victims in the 

description provided by Jepson et al., (2001). The greed of many powerful individuals is also 

tainted by fear. The Indonesian government has a great need for foreign currency, intensified 

by the collapse of its currency in 1997-98. Money in such a society purchases security, and 

honest officials that try to enforce sustainable logging rules are unlikely to be rewarded, 

promoted, be able to adequately provide for their family, and perhaps even to survive. Even 

higher along the chain, foreign lenders seek a return on their investment, often with a premium 

to reward the risk which investment in unstable areas such as Indonesia inevitably entail. 

                                                 
189 Petebang (2002) notes that over two thirds of the forests of the Gunung Palung National Park in West 
Kalimantan has already been destroyed quotes a survey team from Harvard University that identified more 
than twenty links in the illegal logging and distribution chain. Of these, the most important was found to be 
the cukong. Petebang quotes a surveyor: “What is very interesting is the fact that the loggers always end up 
indebted to the cukong. Thus, they can do nothing but cut the trees so as to get the money to repay their 
debts”, Redo said. "The cukong also control the price of the logs" (emphasis added). 
190 However, Nepstad et al (2002) identify several encouraging trends in Brazil, particularly a shift to greater 
legislative determination to protect the ecosystem services of the Amazon, the use of satellite imagery to 
enforce forest protection laws on private property, and reducing corruption. Another reason for cautious 
optimism is that the Brazilian fertility rate has declined sharply in recent decades. 
191 Simpson (2002) though questioning the validity of searching for root causes, suggests one of his own, in 
addition to that identified by the multi-authored, fifteen chapter book he reviews, called The root causes of 
biodiversity loss (Wood et al., 2000a). He writes “one might ask whether the real `root cause' of biodiversity 
loss (may lie) in the unwillingness of wealthy nations to compensate the poor”. These comments suggest not 
only selfishness, but also inequality, an exploitative relationship of poor populations by those that are 
wealthier. It is clear from his review that this suggestion is missing from the book, though it does mention 
national inequality as a root cause. 
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A critic might respond that the best way to analyse this chain of events192 is simply in 

terms of greed. But this is inadequate. Greed cannot operate as freely in an environment with 

lower inequality. Lower inequality fosters an environment in which greed is less condoned, 

where the rule of law is stronger, where greed is less likely to be well rewarded, and where 

checks and balances are stronger. Greed is also less likely to be as marked in the absence of 

fewer role models. These issues are returned to in subsequent chapters. 

Inertia and global environmental change 

Many important inertial factors, both in nature and in human society, constrain a 

rapidly effective response by future populations trying to limit anthropogenic contribution to 

climate change (Bossel, 1998; 1999). These include the response to warming of the polar ice 

(Hvidberg, 2000; Oppenheimer, 1998a), changes in sea level, and the flow of ocean currents. 

The confluence of this inertia and the interactions between climate change and other 

forms of GEC could threaten regional food security (Döös and Shaw, 1999; Fischer et al., 

2001; Glantz and Adeel, 1999; Parry and Rosenzweig, 1993; Parry et al., 1997; 1999). At the 

worst case this could lead to global ecological entrapment193 (Butler, 1997a; 2000a) and 

conflict, at increasing scales, risking global civilisation failure (Butler, 2000a; 2000b; 

McMichael et al., in press) or “barbarianisation” (Swart, 1996). 

Of particular concern is the accumulation of long-lived greenhouse gases (Bolin, 1998; 

Parry and Livermore, 1998; Parry et al., 1998a; 1998b). The main anthropogenic GHG, CO2, 

has an atmospheric residence of at least a century.194 This means that its peak atmospheric 

concentration will occur at least 50 years after the year of its maximum emission.195 Some 

                                                 
192 An analogous situation is a chain of events which followed the signing of a 1973 treaty allowing 
unrestricted Japanese fishing access to Filipino waters. Coote (1992) claims that the resultant fish shortage 
contributed to the dynamiting of coral reefs by poor Filipino fishermen. This provides a short-term catch, but 
at the expense of sustainability. If the Filipino fisheries were shared more equally then it is likely that their 
long-term sustainability would be enhanced. Consolation for the export of fish might be provided to the 
fishermen were they to access a share of the wealth generated. In fact, especially during the Marcos era, this 
was unlikely. Again, there is a situation in which an elite sells a common resource, and where power 
differentials mean the poorest can do very little to change circumstances, and which may even lead to 
increased environmental damage. 
193 Ecological entrapment is the remorseless unfolding of ecological and environmental factors, which interact 
to increase the risk of civilisation failure. 
194 Khalil (1999) suggests it could be as high as 250 years. 
195 Assuming a bell-shaped distribution of the anthropogenic emissions of greenhouse gases. 
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other GHGs persist in the atmosphere for even longer periods, though the second major GHG, 

methane (CH4) has a far briefer atmospheric residence of about ten years. 

The Gulf Stream 

The Gulf Stream is a part of the oceanic “conveyor belt”. By transporting warm 

equatorial water into the North Atlantic, to a latitude north of Iceland,196 it acts as an important 

“natural service”, delivering a free heating service of approximately 4 * 1021 calories per 

annum to Europe. This is equal to roughly 25% of the energy supplied annually to the 

troposphere197 over the Atlantic north of the Straits of Gibraltar (Broecker, 1997). The Gulf 

Stream makes Europe far more agriculturally productive, habitable and populous than it 

otherwise would be. Any significant disruption is likely to cause regional cooling of sufficient 

magnitude to counter even a strong global warming trend. It would inevitably lead to 

increased energy demand, impaired agricultural production, and could well have global 

economic and military consequences. 

Wallace Broeker is generally credited with first raising concerns that the Gulf Stream 

may weaken, or even stop altogether, due to global warming (Broecker, 1987; 1995; White, 

1993). He, and other workers, have proposed that this could occur because of freshening of the 

North Atlantic from increased melting of Greenland and Arctic ice, thus disrupting the 

formation of the dense, saline, and sinking current that drives the conveyor belt. 198 

Subsequent research, based both on computer modelling studies (Joos et al., 1999) and 

empirical evidence (Hansen et al., 2001) has not dispelled these concerns (Bacon, 1999; 

Copley, 2000), although Drange (2001), while accepting that weakening is occurring, 

concludes that significant disruption is unlikely to occur in the next two centuries. 

Hansen et al (2001) have recently estimated that the overflow of water through the 

Faroe Bank channel has decreased by at least 20% since 1950.199 They further suggest that 

decreased air temperatures in some of the adjacent areas in the Norwegian Sea may be a 

consequence.  

                                                 
196 Comparatively dilute, warm and light water flows north in the upper layer of the ocean. Eventually, as the 
water evaporates, it becomes more saline and thus denser. Eventually the Gulf Stream sinks, forming what is 
called North Atlantic deep water. It then flows south, thus completing the “conveyor belt”. 
197 The lower atmosphere. 
198 Also called the thermohaline circulation. 
199 Hansen et al (2001) cite other work that suggests this water has also become warmer and less saline over 
time. 
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Bjørn Lomborg, (Lomborg, 2001:316) has suggested that significant disruption to the 

Gulf Stream would, at worst, mean that Europe in the future might experience a climate 

similar to Canada in the present. Lomborg appears unconcerned about this prospect, but he 

omits discussion of the far lower population density current in Canada compared to Europe. 

This suggests that Canada has a lower carrying capacity than Europe, and that a colder Europe 

may have to import far more of its food200 than it currently does. 

Inertia, climate change and stratospheric ozone depletion 

Other examples of natural inertial effects which interact with climate change include 

the irreversibility of species extinctions and the slow recovery of damaged ecosystems, 

including to areas harmed by salinisation, drought, deforestation, acid rain (Krajick, 2001c) 

and other forms of eco-impoverishment. Increasing evidence also suggests that climate change 

interacts with, and may prolong, SOD by several decades because of the associated 

stratospheric cooling (Aldhous, 2000; Austin et al., 1992; Mahlman, 1992; Salawitch, 1998; 

Schrope, 2000; Shindell et al., 1998; Tabazadeh et al., 2000; 2001).201 

Tabazadeh et al (2000) have predicted that denitrification,202 in association with 

stratospheric cooling, may aggravate SOD by up to 30%. These workers have also predicted 

that if recent Arctic stratospheric cooling trends continue then SOD over the Arctic may 

become increasingly significant in the coldest years of the decade starting in 2010. However, 

even without significant Arctic denitrification, a degree of Arctic SOD has been observed 

since the mid-1980s203 (see chapter seven). More recently, Tabazadeh et al (2001) have 

estimated that a decrease in the stratospheric Arctic temperature of 4oC may trigger the 

occurrence of widespread, severe Arctic denitrification. 

                                                 
200 Europe may be able to avoid significantly increased fossil fuel imports if it can continue to develop its 
stock of windmills. However, even if it can generate sufficient energy to grow food in heated conditions, it 
may also need to invest substantially to modify its infrastructure to cope with colder conditions. 
201 The lower atmosphere warms but the stratosphere cools. 
202 Polar stratospheric clouds, if persisting for sufficient time – perhaps seven days – (Tabazadeh et al., 2000) 
at a temperature below the condensation point of nitric acid, remove nitrogen from the stratosphere as the 
clouds fall toward Earth. Because stratospheric nitrogen reacts with the chlorine in CFCs, denitrification is 
thought to prolong the ozone depleting effect of these halocarbons. Currently, denitrification is thought to 
only occur in the Antarctic for a few weeks in early winter. Because the Arctic polar vortex is warmer, 
denitrification has not yet been significant there. However, if, as expected, the Arctic stratosphere continues to 
cool, consequent to global warming, then increased denitrification is likely to also occur there. Formation of 
the clouds is also influenced by stratospheric water vapour, which has also increased for unknown reasons. 
203 Some observers argue that some Arctic denitrification has already occurred (Tabazadeh et al., 2000). 
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Many forms of social and economic inertia interact with climate change. Principal are 

demographic growth and the economic life of infrastructure, such as power stations and 

manufacturing plants. Time is also needed for the development of organisational strategies, 

such as better public transport systems, and to develop sufficient economies of scale to mass-

produce new technologies. Perhaps even more important are the cohort effects of human 

beliefs, customs, lifestyles, habits and expectations and their effect on political action (Butler, 

1997a). 

Bjørn Lomborg, the sceptical environmentalist 

Recently, Bjørn Lomborg, a Danish statistician, has argued that the global 

environment is improving, using indicators ranging from air quality in European cities to 

forest cover in the US (Lomborg, 2001). Numerous environmental indicators in high-income 

countries are improving, reflecting examples of the Environmental Kuznets curve, or effect.204 

However, such results cannot automatically be extrapolated to the whole world.205 

Lomborg’s book has received wide publicity, some of it favourable (Dutton, 2001; 

Henderson, 2001b).206 However, it has been harshly reviewed by the science community, in 

journals (Bongaarts, 2002; Grubb, 2001; Holdren, 2002; Lovejoy, 2002; McMichael, 2001c;  

Pimm and Harvey, 2001; Rennie, 2002; Schneider, 2002), magazines (Brown, 2001a; Davis, 

2001b; Hammond, 2001; Matthews, 2001; Myers, 2001; Nemtzow, 2001; Schneider, 2001b; 

Wilson, 2001; Woodard, 2001), websites (Bosse, 2001), interviews (Lovejoy and de Blas, 

2001) and by the Union of Concerned Scientists (Gleick, 2001). Lomborg does not deny the 

global changes used to compile the Index of Global Environmental Change (see chapter 

seven). Instead, he argues they are irrelevant, claiming that compensatory economic growth 

including to poor countries will allow effective adaptations (Lomborg, 2001: 290). Despite his 

confidence, this is far from certain. 

                                                 
204 Lomborg does not discuss the EKC theory. He does, however, uncritically describe its application to 
inequality, a claim which has been extensively criticised (Decker, 1996). 
205 In addition to the reservations expressed earlier concerning the EKC, it is also worth making the point that 
quantity does not equal quality. For example, the US National research Council recently concluded that many 
human-made ecosystems, such as wetlands, are inferior to their natural cousins (Kaiser, 2001a). 
206 Most favourable reviews have been by journalists, including in Time and The Economist (Schulz, 2001). 
Dutton is a philosopher of science. 
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Lomborg selectively quotes much of the scientific literature in ways to advance his 

argument.207 For example, he reprints a paragraph by Mahlman (1997) (Lomborg, 2001: 293-

294) that refutes a number of claims made concerning extreme weather events. Nevertheless 

the general thrust of Mahlman’s paper is that increased extreme weather events are 

plausible.208 He cites Sagoff’s paper (Lomborg, 2001: 99) to try to undermine the validity of 

carrying capacity as a concept. But he ignores the ecological economist Herman Daly’s 

following refutation (Daly, 1995a). 

Lomborg (2001: 292) also cites Grove (1998) to try to cast doubt on recent concern 

that the frequency and severity of El Niño events may be increasing (Cole, 2001; Dunbar, 

2000; Fedorov and Philander, 2000; Guilderson and Schrag, 1998; Timmermann et al., 1999; 

Trenberth and Hoar, 1996; Tudhope et al., 2001).209 Grove’s paper was discussed in chapter 

one. Undoubtedly, the El Niño events that Grove described caused intense disruption,210 

especially through drought on the Indian subcontinent. However, comparing the impact of 

historic with recent ENSO events is confounded by the enormous technological and other 

changes that have occurred. Grove and Chappel (2000: 5) claim, “very much stronger and 

longer El Niño events occurred in the past” and cite Grove (1998), as evidence. However, in 

that earlier paper, Grove writes, carefully: 

“several ENSO events that occurred before 1880 had effects at least as intense and 

wide-ranging as those associated with the current event”. 

Grove does not provide evidence that the earlier El Niño were climatically more 

intense than those that have occurred more recently.211 Furthermore, the time period between 

                                                 
207 This point is also made by many of the critical reviews, including Grubb (2001), Myers (2001a), Holdren 
(2002), Lovejoy (2002), Matthews (2001); Nemtzow (2001); Schneider (2002) and Wilson (2001). 
208 For example, Mahlman (1997) cites the paper by Knutson et al (1998) which at that stage was in 
preparation. Mahlman did not dispute Knutson et al’s arguments, but instead used them to present breaking 
evidence supportive of an increased risk of extreme weather events. Knutson et al’s paper was briefly 
discussed in chapter one. 
209 Lomborg cites two of these seven papers. Federov and Philander (2000) conclude “Apparent changes in 
the properties of El Nino could reflect the importance of random disturbances, but they could also be a 
consequence of decadal variations of the background state. The possibility that global warming is affecting 
those variations cannot be excluded” (emphasis added). Lomborg (2001: 292-293) ignores this, selecting part 
of the paper that cast doubt on computer modeling of ENSO, including by Timmerman et al (1999). 
210 Including, perhaps, a contribution to the French revolution. 
211 Extreme weather events occur irrespective of climate change. Nott and Hayne (2001) recently analysed the 
frequency of “super-cyclones” (with atmospheric pressure as low as 920 hectopascalls) along the Queensland 
coast, finding such events to have occurred every few centuries. The question is, will extreme weather events 
occur with increased frequency or severity? (See chapter one). 
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the events Groves discusses (104 years before and 88 years after the main event of 1789-93) if 

anything raises concern that such events may be becoming more frequent. 

Lomborg (2001: 292) also discusses geoarchaeological evidence that El Niño events 

may have started, or perhaps re-started, in the mid-Holocene, citing Sandweiss et al (1996; 

1997). These authors also argued that the global climate in the early to mid-Holocene (5-8,000 

years bp) was warmer than today. Grove and Chappell (2000) also suggest that the present El 

Niño pattern may have been established only 5-7000 years ago. 

However, de Vries et al (1997) and Wells and Noller (1997) dispute aspects of the 

paper by Sandweiss et al (1996), claiming for example, that the cause for southwardly 

displaced shellfish in Peru 5-7,000 years b.p. was due to peculiar coastal geomorphology 

rather than to a localised warming. Lomborg interprets the papers by Sandweiss et al (1996) as 

evidence that future warming may reduce the severity of ENSO events, or even stop them 

altogether. Perhaps he is right, but one would like firmer evidence. 

Lomborg makes much of the opportunity cost of addressing climate change, arguing 

these funds should instead be used to accelerate development in the South. He does not 

obviously comment upon the opportunity cost of gambling, illicit drugs, the arms trade or 

luxury consumption, all of which in theory provide alternative sources of development 

spending. 

Single-handedly, Lomborg appears to try to discredit many of the findings and 

conclusions of the IPCC, the cumulative work of thousands of scientists. This is 

tendentious at best and hubristic at worst. The index of Lomborg’s book contains no 

reference to food security,212 nor to conflict. Lomborg presents no evidence of an 

understanding of discontinuities or complexity theory (see chapter eight) (McMichael, 

2001c). He also accepts, uncritically, arguments used by supporters of purchasing power 

parity adjusted measures of global inequality, criticised in chapters five and six. 

Lomborg’s work seems to be a manifestation of the “Cornucopian enchantment” (see 

chapter three). Unfortunately his book is likely to be used by contrarians and their supporters 

to delay, rather than accelerate, the sustainability transition.213 It also seems unlikely that 

                                                 
212 Lomborg does cite the paper by Parry et al (1999) which warns of possible wide spread regional food 
insecurity later in this century, as a result of climate change. I have not yet located Lomborg’s analysis of this 
paper. 
213 Even though most of the reviews I have read and heard are critical the headlines about Lomborg’s book 
may be better remembered. Few – other than those are already committed - will read the detail. 
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Lomborg’s supporters will do much to implement his well-meaning concern for the reduction 

of poverty in the South. 

Poverty, human health and epidemiology 

Krieger (2001) traces an understanding of the relationship between comparative 

poverty and comparative ill health to both Hippocrates and ancient Chinese medical texts. 

Arguably, recognition of the dependency of health upon such social factors as poverty and 

status is one of the roots that separated the emerging discipline of epidemiology from purely 

clinical and biological approaches to health. In 1840 Louis Villermé described the working 

conditions in the Alsatian cotton mills, paying special attention to the long hours forced on 

children as young as six (Villermé, 1840). He recorded that these workers were described as 

“white negroes”. Krieger (2001) outlines a debate in the US at this time over the poor health of 

American blacks. The majority opinion held that the causes were racial, but some felt that their 

enslaved status was a factor. 

Villermé linked higher mortality rates with poverty of such severity that adequate 

nutrition could not be purchased, an example of the economist Amartya Sen’s “entitlement 

failure” (Sen, 1981; 1993). The political economist Friedrich Engels (1820-1895) wrote 

movingly and convincingly of the poverty, exploitation and ill health he witnessed in the 

English midlands during the early industrial revolution (Engels, 1845). Virchow is particularly 

remembered for his recognition of poverty as a fundamental, yet alterable cause of disease 

(Eisenberg, 1984; Wing, 1994). Other reformers recognised the importance of sanitary reform 

to health, including Edwin Chadwick in Britain (Sram and Ashton, 1998; Szreter, 1999) and 

Lemuel Shattuck in the US (Last, 1998). 

Now, after a hiatus approaching a century,214 an increasing body of public health and 

epidemiological workers are again explicitly discussing poverty and inequality as major 

underlying causes for ill health (Berkman and Kawachi, 2000; Davey-Smith, 1996; Kawachi 

and Kennedy, 1999; Kennedy et al., 1996; Krieger, 2001; Lynch et al., 2000; Wilkinson, 

1996). 

                                                 
214 Punctuated by rare published articles (Bell, 1931). 
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The rise and decline of Primary Health Care 

In defence of workers in public health, the relative silence concerning poverty in the 

recent medical and epidemiological literature probably resulted in part by an unquestioning 

acceptance of its importance as a causal factor for ill health.215 Why publish what is 

commonplace? Undoubtedly, the motivation for many workers in the basic medical sciences, 

clinical medicine and public health has been partly fuelled by an idealist wish to improve the 

health of the poor and disadvantaged. 

In the post-World War II period, many newly independent countries in the South216 

trained their own doctors and health workers. Universities were often staffed by expatriate 

lecturers or returnees trained in the North.217 Hospitals and healthcare systems were 

constructed, largely based on models in high-income countries. The inability of western-based 

health care models to improve the health of the masses in poor countries was slowly realised, 

illustrated, for example, by David Morley’s description of Third World hospitals as “disease 

palaces” (Morley, 1973). 

Discouragement with conventional approaches to improving health care led to the 

development of the Primary Health Care (PHC) movement (King, 1966). Ironically, this 

movement too was largely conceived and developed by health workers trained in the 

developed nations (Werner and Sanders, 1997).218 The movement for PHC culminated in the 

Alma Ata declaration of 1978 and the retrospectively embarrassing WHO slogan of “Health 

for All by the Year 2000” (Bergström and Molumbi, 1996; Werner and Sanders, 1997). The 

PHC movement demonstrated a major commitment by workers in public health, armed with 

newly developed health technologies and knowledge, including vaccines, oral rehydration 

                                                 
215 In addition, especially in the decades immediately after WWII, public health improved enormously, 
especially in poor countries; and greater attention was paid to trying to improve economic conditions in poor 
countries. Inequality may also have declined, both globally and nationally – or at least it did not increase at 
the rate of subsequent decades (see chapters five and six.) 
216 Developing countries. 
217 Developed countries. 
218 This should not be surprising. Right to the present, the most influential and best-funded education systems 
are in high-income countries. With very few exceptions (such as Tagore’s school at Shantiniketan, later 
attended by the Nobel laureate Amartya Sen) (Yogananda, 1946: 267-271) elite schools and education 
systems in most low-income countries are modelled on western examples. China may be an exception. 
Medical schools in the Third World are also generally based on western models. A partial exception is the 
recently developed WHO sponsored “network” of medical schools. 
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solution, antibiotics and simple messages about hygiene and health care219 to spread better 

health and living conditions to the majority of the global population who were comparatively 

poor. Similar aspirations220 were expressed at the 1974 Bucharest population conference, 

remembered for its slogan that “development is the best contraceptive” (Demeny, 1985). 

Primary Health Care, reinforced by highly organised WHO vaccination campaigns, 

which received widespread public and government support221 had some wonderful successes, 

most spectacularly the eradication of smallpox222 in 1977 (Fenner, 1999). Polio may also soon 

be eradicated (Blume and Geesink, 2000; Clarke, 2001). 

While the philosophy of PHC was flourishing, most academic workers in 

epidemiology, almost exclusively trained, funded and found in the North, seemed to regard the 

health problems of low-income countries as a peripheral issue. While learned articles on 

tropical medicine occasionally penetrated the most prestigious journals (after these diseases 

were largely eliminated from wealthy countries)223 the health problems of the South in general 

and poverty in particular were largely ignored. A notable exception to this was the eminent 

epidemiologist Geoffrey Rose, who at the end of his career, published a reflection upon public 

health and poverty very similar to that of Virchow, more than a hundred years before: (Rose, 

1990). Rose observed:  

“Public health has rarely been able to go beyond pointing to these larger issues, 

such as poverty, economic globalisation, and lack of political will”. 

Seven years later, the late Jonathan Mann made very similar observations: 

                                                 
219 The principles of PHC were encapsulated by the GOBI acronym, later amended to include FFF. G was for 
Growth charts, O for Oral Rehydration Solution, B for Breast Feeding and I for Immunisation. FFF stood for 
food, family planning and female education. 
220 That is, aspirations to significantly improve the living conditions and health of the mass of the global 
population. 
221 This included mass vaccination days, including even the temporary interruption (“days of tranquillity”) of 
hostilities in strife-torn Democratic Republic of the Congo and in Afghanistan (MacQueen et al., 2001). 
222 The opportunity to permanently eradicate the reservoir of smallpox virus, kept under tight security in 
laboratories in the US and Russia has been missed (Fenner, 1999; Miller, 2001; Sharma, 2002). Ironically, in 
a world that is now losing at least dozens of species each day, arguments were made in favour of preserving 
smallpox on both conservation and, more plausibly, research grounds (Kumar, 2001a). Other commentators, 
particularly outside the US and Russia, argue that its real purpose is strategic – another case of mutual 
deterrence between factors struggling for power (Kumar, 2001a). More sinisterly, smallpox may exist in the 
labs of bio-terrorists (Cohen and Marshall, 2001; Stone, 2002b), while some virologists suggest that 
monkeypox could evolve more virulent forms taking advantage of the niche left by the eradication of 
smallpox (Anonymous, 2001c). 
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“In absolute terms the health gap between rich and poor is smaller than in the last 

century, but relatively it seems to be widening. Here lies perhaps the greatest of 

today's public health challenges. Its causes are economic and social, and so its 

remedies must also be economic and social. Medicine, health, and politics cannot 

be kept apart, and they should not be kept apart” (Mann, 1997) (emphasis added). 

In very recent years, however, awareness among health workers in the North of the 

disease patterns in the South seems to have again increased, including because of the global 

burden of disease studies (Murray and Lopez, 1997a; Murray and Lopez, 1997b), and the 

concept of disability adjusted life years lost, developed by the World Bank (Murray and 

Acharya, 1997).224 Both concepts stimulated considerable interest and controversy (Arnesen 

and Nord, 1999; Barendregt et al., 1997; Eisenberg, 1997; James and Foster, 1999; Kochi et 

al., 2000) and seem to be part of a kind of fightback by many global health workers225 living 

relatively comfortably and securely226 in the North, upset by the indignity of the failed Alma 

Ata target.227 There have also been hopes that the WHO, after a period of low morale and crisis 

(Godlee, 1994; 1998; 2000),228 may again assume a leadership role. 

The medical press, especially in Britain, has found considerable space in recent years 

to analyse the health costs of the increasing burden of Third World debt (Logie, 1997, Stott, 

1995), of structural adjustment (Bello et al., 1994; Wakhweya, 1995), “globalisation”, and the 

opportunity cost of the arms trade as factors for the failure of PHC and consequent declining 

                                                                                                                                                     
223 For example malaria, tuberculosis, bacterial pneumonia in children, cholera, dysentery, life-threatening 
viral diarrhoea, again in children, yellow fever, the plague, typhoid fever, typhus, syphilis, leprosy and 
obstructed labour. 
224 See World Development Report, 1993. 
225 Two British medical journals, the BMJ and The Lancet have been particularly vociferous in this campaign, 
both in the content of their editorials and the topics of many of their articles. Full text of the BMJ is freely 
available on the internet, and Richard Horton, editor of the Lancet is supportive of increasing access to the 
Lancet to readers in low-income countries (Horton, 2000). An editorial in the Lancet has also called for more 
grants and fewer loans to the South (Anonymous, 2001d). 
226 Though at times visiting and working in the South. 
227 This is a colourful and possibly optimistic interpretation. It can be suggested that workers in international 
health were naïve in the period leading to Alma Ata declaration, which declared “Health for All by the year 
2000” as an achievable objective. This is because the 1970s were characterised by a retreat from the rhetoric 
of reduced global economic inequality and to increasing debt, tendencies which were exacerbated in the 
following decades (see chapters five and six). The emergence of the HIV/AIDS epidemic in the early 1980s 
also crippled the WHO aspirations for Health for All, but Wisner (1988) and Werner and Sanders (1997) 
argue that Primary Health Care, as conceived at Alma Ata, never had a chance. The resurgence of 
publications referred to above can, perhaps optimistically, as an attempt to resuscitate the intention of earlier 
decades, made evident at Alma Ata. 
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health in many of the poorest nations (Grange and Zumia, 1999; Stott, 1995; Stott and 

Holdstock, 2000; Summerfield, 1989; 1993). 

The major causes of premature death, globally, remain communicable diseases in poor 

countries (Gwatkin, 2000; Gwatkin et al., 1999). Three leading communicable diseases in the 

South: HIV/AIDS, tuberculosis and malaria (Brown, 1997) have, rightly, attracted 

considerable attention and major new funding efforts, but none so far have been able to make 

a real dent.229 

At least one recent epidemiological textbook (Beaglehole and Bonita, 1997) discusses 

the role of poverty in disease causation, but most ignore it or dismiss it as a marker for more 

amenable causes, such as overcrowding, poor nutrition, poor access to health care and risk-

taking behaviour (Rothman and Greenland, 1998). However, in the broader epidemiological 

literature, there is considerable recognition of a causal relationship between poverty and 

undesirable outcomes including disease (Kawachi and Kennedy, 1999; Loomis and Wing, 

1990; Pearce, 1996), rapid population growth rates in the South, and reduced life expectancy 

(Anonymous, 1990; 1992e; 1992f; Last, 1995). Yet, some epidemiologists argue that poverty 

is not a genuine epidemiological issue; it is too big a windmill to tilt at, and the most useful 

role for epidemiology is to identify more remediable (proximal) causes, such as vitamin 

deficiencies, rather than tackling the structural elements of social inequality which influence 

nutritional entitlement (Loff and Black, 1998; Rothman et al., 1998). Not all of the medical 

profession agrees (Guerrero et al., 1998; Heath, 1998). 

The resurgence of interest in poverty, in textbooks, journals and at some conferences 

coinciding with the recent change of WHO leadership (Anonymous, 1998a)230 raises hope that 

poverty will finally be given a proportion of the prominence that it undoubtedly deserves in 

the public health discourse. Even though WHO’s budget is severely constrained, its position of 

leadership, including moral, amplifies its effectiveness and influence. 

                                                                                                                                                     
228 One such crisis is the apparent undermining of the WHO by lobbyists paid by the tobacco industry. Godlee 
reports how one such fifth columnist sought to undermine WHO’s reputation by claiming that WHO was 
turning its back on the health priorities of the South by emphasising the fight against tobacco-related disease. 
229 Compare the desperation of these attempts with the highly organized and determined way that the North 
set out to eradicate malaria in the 1950s, a task now regarded as hopeless. Yet, at least in areas where the 
disease was not holo-endemic (Metselaar and Tiel, 1959) the WHO almost succeeded. In part, success eluded 
it because of a backlash against use of the pesticide DDT. 
230 Brundtland has explicitly stated that poverty is a major issue for health and should be tackled by WHO. 
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Inequality, human health and epidemiology 

Though related to poverty, inequality is not the same. The definition of poverty is both 

subjective and relative. It is possible to envisage societies that have substantial relative, but 

little absolute poverty.231 Similarly, it is easy to imagine an impoverished society, such as a 

Third World shantytown, where there is little inequality, yet widespread poverty and hardship.  

In the last decade there has been an explosion in literature concerning the relationship 

between inequality, poverty, loss of control, and human health, at national, occupational and 

local scales (Davey-Smith, 1996; Kaplan et al., 1996; Kawachi, 2000; Kawachi and Kennedy, 

1999; Kennedy et al., 1996; Lynch et al., 2000; Mackenbach and Kunst, 1997; Mackenbach, 

2002; Marmot 1998; Marmot et al., 1997a; 1997b; Wilkinson, 1996; 1997). 

Conclusion 

The primary purpose of this thesis is not to explore ways in which forms of social 

inequality232 within populations may directly affect well-being. Instead, it is to examine ways 

in which the global distribution of social goods, including income, international economic 

power, freedom to travel and access to information influences global policies that entail large-

scale risks to population health. In particular, this thesis will explore ways in which 

inequalities influence policies, customs and practices that in turn determine the recent, current 

and future pattern of global environmental change.  

The remaining chapters will argue that this threatens the sustained function of 

civilisation itself, and thus the future population health of perhaps billions of people. This 

topic, therefore, is eminently suitable for epidemiological investigation, albeit using a novel 

methodology and approach. 

                                                 
231 For example among the population of white Australians in the 1960s, when the rates of unemployment, 
homelessness and narcotic addiction were low, where the mentally ill were mostly institutionalised, rather 
than living on the streets, and where a universally available pension provided security for old age. Such a 
society may still have an extremely wealthy elite, though it could be argued that the extent of public services 
indicates comparatively low inequality. 
232 With or without absolute poverty 
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Chapter two: Inequality, sustainability and causality 

Abstract 

The scale of global inequality obstructs efforts to achieve sustainability, through 

several mechanisms, acting cumulatively via many individual government laws and 

policies, legal judgements, and the enforcement - or otherwise – of these policies and laws. 

The limited literature specific to this idea is reviewed, and the method to explore this idea in 

subsequent chapters is outlined, together with a discussion of causality. It is argued that 

though adducing causality beyond reasonable doubt is impossible, evidence in support of 

this proposition is at least as strong as for any other general economic proposition. 

The chapter also summarises the four main elements of the sustainability transition: 

attitudinal, demographic, technological and organisational. Inequality acts most powerfully 

to delay the global attitudinal transition by obscuring awareness, especially by wealthy 

populations, of the risk to civilisation from both inequality itself, and also from adverse 

global environmental change. This leads to policy making which obstructs the other, 

material elements of the sustainability transition. 
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Introduction 

This chapter introduces the main idea explored by this thesis, which is that the 

contemporary scale of global inequality risks civilisation failure by undermining and 

obstructing efforts to achieve sustainability, while at the same time risking the provocation of 

a “global guerrilla war” via pathways of large-scale population exclusion and resentment. It 

argues that inequality undermines sustainability through the cumulative effect of many 

individual government policies. In addition, the imbalance of wealth and power is evident 

through the ability of differently entitled populations to access, influence, and - in some 

countries - frankly corrupt the courts. Finally, inequality acts, especially in countries with an 

advanced degree of civilisation or state failure,1 through the differing abilities of populations to 

avoid, corrupt or flout existing policies and laws. 

The methodology used in the thesis is also discussed. It is argued that the existing 

epidemiological causal criteria can contribute to causal theory in the emerging discipline of 

“sustainability science”, and that the thesis makes important steps towards this. These include 

quantitative estimates of the distribution and trend of global economic power and the scale and 

trend of global environmental change, over recent decades. However, causal theory in this 

field is likely to primarily depend on plausibility. In part because of the inevitability of both 

uncertainty and pre-existing biases, it is admitted that adducing causality beyond all doubt will 

continue to be elusive. Nevertheless, the evidence of a causal relationship between inequality 

and sustainability is at least as strong as that for most existing economic and policy assertions. 

In this chapter it is argued that inequality – the relationship between groups with 

different power on a global scale – acts most directly to impair sustainability by delaying the 

global attitudinal transition by limiting awareness, at both elite and public levels, of the risks 

to civilisation from both inequality itself, and also from adverse global environmental change. 

This leads to policy making which obstructs the other, material elements of the sustainability 

transition. 

                                                 
1 With no strong central government, such as Somalia, Sierra Leone, and the Congo  
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Plausibility: Inequality and civilisation failure 

Inequality plausibly threatens civilisation failure in two key ways. The first is a direct 

effect from resentment and conflict, leading to a “global guerrilla war”. The second is that the 

indifference of powerful populations, itself a result of inequality, contributes to global policies 

that in turn may lead to “critical” global environmental changes (see chapter four). Beyond 

these threshold points2 multiple, interacting pathways will exacerbate the risk of regional, and 

ultimately global civilisation failure. 

Re-discovering the link between global inequality and global security 

It is argued that recognition of the counter-productive nature of excessive inequality 

was more clearly recognised in the early post WWII period than in recent decades.3 Many 

constructive and, by contemporary standards, idealistic, initiatives were taken by the Great 

Powers at this time. These included the United Nations, the Marshall Plan4 and the drafting of 

many international agreements, including the 1951 Geneva Convention for Refugees and the 

Universal Declaration of Human Rights.5 These events,6 both real and symbolic, helped to 

create a climate in which a world with a more equal distribution of wealth, education, and 

political power fairer world seemed possible, not only in the West (which came to be called 

the First World) but in the newly described countries of the Third World. Chapter five 

discusses this subject in detail. 

Recognition that global civilisation was at risk in the post WWII decades was 

enhanced by the development of the atomic and hydrogen bombs (Rhodes, 1996) and by the 

extraordinarily large arsenals amassed by the two main protagonists of the Cold War, the US 

and the USSR.7 Albert Einstein warned that ‘the unleashed power of the atom has changed 

                                                 
2 Such as a critical degree of global climate change, sufficient to seriously reduce global food security and 
thus threaten widespread social unrest and even war. 
3 Triggers for this recognition probably included the devastating economic and social costs of the two World 
Wars, and the intervening economic depression, the uncovering of the Holocaust, and the belated recognition 
that the post WWI suffering enforced on Germany (Keynes, 1919) was eventually counter-productive. 
4 At its height costing the US about 2% of its economic output. 
5 Philander (2001) also credits the creation of an integrated, global, observational network to monitor the 
weather post WWII as intimately related to the efforts of politicians to reconstruct a stable world order by 
promoting international cooperation in science and technology.  
6 Including the decolonisation of India and the coming to power of the Chinese communists. 
7 Rogers (2000: 15) estimates that the stockpile of these powers in 1986 exceeded 60,000 nuclear weapons.  
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everything save our modes of thinking and we thus drift toward unparalleled catastrophe” 

(Einstein, 1946). 

But not everybody thought that excessive inequality risked the fabric of civilisation. 

Some, like George Kennan8 (in 1948), thought it could be managed: 

“We have about 50% of the world's wealth, but only 6.3% of its population… In 

this situation, we cannot fail to be the object of envy and resentment. Our real task 

in the coming period is to devise a pattern of relationships which will permit us to 

maintain this position of disparity without positive detriment to our national 

security. To do so, we will have to dispense with all sentimentality and day-

dreaming; and our attention will have to be concentrated everywhere on our 

immediate national objectives. We need not deceive ourselves that we can afford 

today the luxury of altruism and world-benefaction … we should cease to talk 

about vague and … unreal objectives such as human rights, the raising of living 

standards, and democratization. The day is not far off when we are going to have to 

deal with straight power concepts. The less we are then hampered by idealistic 

slogans, the better” (emphasis added) (Athanasiou, 1998: 289).  

The pacifist Bertrand Russell was less certain that inequality could be managed 

successfully, identifying in his essay On essentials for a stable world (first published in 1952) 

a crucial link between global inequality, global security, and population growth: 

“In the 19th century the arguments for raising the standards of life in backward 

countries would have been merely humanitarian. Now they involve our own self-

preservation… The third requisite of stability - namely an approximately stable 

population - is intimately bound up with the second. So long as all improvements in 

the techniques of production are swallowed up by an increasing population, money 

spent in the development of backward areas might just as well be thrown into the 

sea (Russell, 1992) (emphases added). 

Russell thus anticipated two major premises of this thesis, that excessive global 

inequality risks world stability, and that a major path to such instability is likely to be through 

excessive population growth. This extract also recognises, implicitly, the principles embodied 

by the term “demographic entrapment” (see chapter three). 

                                                 
8 A senior American diplomat. 
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But by the late 1960s, hopes of attaining a fairer post-WWII world were starting to 

fade. In 1969 the Commission on International Development (the Pearson report) claimed that 

the global gap between the rich and the poor was "a central issue of our time" (Pearson, 1969). 

But according to Stern (1989: 634) this report was “moved to the wings”, suggesting an 

incipient fatigue with the process of development. The trend towards a remorseless increase in 

global income inequality, especially in the period 1970-1995 is detailed in chapter five. In 

retrospect, the global inequality that the Pearson Report lamented seems comparatively 

modest.  

In 1991, Jacques Attali, former President of the European Bank for Reconstruction and 

Development, predicted even more inequality in the years to come: 

“In the coming world order, there will be winners and there will be losers. The 

losers will outnumber the winners by an unimaginable factor” (Athanasiou, 1998: 

frontispiece). 

The peace scholar Paul Rogers’ book Losing control (Addington, 2001; Rogers, 2000) 

also warns repeatedly of profound risks to global security consequent to growing economic 

inequality. Rogers attacks a policy he calls “liddism”, that is “attempting to keep the lid on 

insecurity, without addressing the core reasons for dissent” (Rogers, 2000: 10). For example, 

Rogers warns: 

“There are many impressive arguments that a polarised and constrained world is 

not acceptable on the grounds of morality and justice. The argument of this book, 

drawing mainly on a security perspective, is that, in practice, it cannot and will not 

work. An alternative security paradigm is required” (Rogers, 2000: 10). 

But in recent decades, until terrorists hijacked four US planes on September 11, 

successfully using three as missiles against key commercial, military and symbolic targets, 

recognition of the direct security risks to the US and other First World states, consequent to 

global economic inequality, has not been widespread. 
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The aftermath of September 11, 2001 

Far more warnings of the risk to wealthy and powerful populations, consequent to 

excessive global inequality, have been made following these attacks, including by many 

prominent and influential individuals. For example, reflecting on the causes and response to 

the terrorist attacks former US President Bill Clinton said, on October 15, 2001: 

“[if] you live in a developing country whose times are tough, you might have given 

the following answers: you might have said, the global economy is one of the 

problems because half the people live on less than two dollars a day; a billion 

people live on less than a dollar a day; a billion and half people never get a clean 

glass of water; a woman dies every minute in child birth; one in four deaths every 

year comes from AIDS, TB, malaria and infections related to diarrhea; a billion 

people go to bed hungry every night. Or you might have said, no, it’s the 

environmental crisis of the globe” (Clinton, 2001). 

Clinton also recognised that, even before the simultaneous terrorist attack on New 

York City and Washington DC, some people may were aware of the security risks of 

inequality: 

“Or you might have said, even on September 10th, no, I think the biggest problem 

would be terrorism, driven by the explosion of population in poor countries, and 

ancient racial and religious and tribal and ethnic conflicts married with modern 

means of death; because a lot of people were thinking about it, even before 

September 10th” (Clinton, 2001). 

Clinton’s warning has been echoed by a number of other influential individuals, 

including UK Prime Minister Tony Blair (Blair, 2001, Anonymous, 2001e)9 former Australian 

Prime Minister Paul Keating (Keating and Jones, 2001), the US diplomat Richard Holbrooke 

(Freedland, 2001) and Klaus Toepfer, executive director of UNEP (Toepfer, 2001).10 Several 

                                                 
9 And other members of the Blair government (Beckett, 2001). 
10 As this thesis goes to press the World Economic Forum in New York has just concluded. Numerous 
influential speakers, including Kofi Annan, King Abdullah of Jordan, Hillary Clinton, Bill Gates, Philippines 
President Gloria Arroyo, Colin Powell and George Soros made this pointHorst Koehler, managing director of 
the International Monetary Fund, was reported as warning that “the shape of the global trading system was 
too favorable to rich nations, and that this was breeding resentment” (Friedman, 2002) 
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editorials and commentaries, including in the BMJ (Holdstock, 2001), The Lancet (Horton, 

2001), The Medical Journal of Australia (McMichael, 2001d), New Scientist (Anonymous, 

2001f) and Science (Lash, 2001; Kennedy, 2001c) have identified inequality as a major factor 

for the terrorist attacks. 

Many writers, including in the New York Times (Friedman 2001, Lewis, 2001, 

Madrich, 2001, Sperling, 2001) and Washington Post (Diamond, 2002) have called for a 

substantial increase in foreign aid11 to the Third World in order to reduce the risk of terrorism, 

or what might be called a global guerrilla war. An editorial in The Lancet even characterised 

climate change as a form of bioterrorism (Anonymous, 2001g). 

The economist, Jeffrey Sachs, also responding to the September 11 attack, warned:  

“There can be no peace if the richest country will not lead in this venture [to 

increase foreign aid]. This is the greatest error of the US I am afraid in the last 

twenty years. The belief that globalization can take care of itself and that we can 

continue to accumulate and hoard our wealth and that the world will somehow go 

along fine without us. That must end if we want to have any chance of peace in the 

world. I fear the US has not recognized this even after the September 11th events 

(Sachs, 2001) (comment in brackets added) (emphases added). 

Therefore, since September 11, a substantial and increasing number of commentators 

have publicly linked global inequality and global conflict. A few have also identified 

environmental threats – particularly global warming – as a component of this risk, while others 

have pointed to US unilateralism, including its refusal to sign the Kyoto Protocol and other 

international agreements. The extent of US unilateralism is also illustrated by its low rate of 

international aid (see figure 2.1). 

Not all commentators express optimism that the events of September 11 will lead to a 

more equal world (Butler, submitted), including the anti-globalisation activist and writer, 

Naomi Klein (Klein, 2001). It is also true that most of the political leaders referred to above 

are no longer in office, with Blair being the main exception. 

                                                 
11 As has the British government (Brunnstrom, 2001). 
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Figure 2.1 Foreign aid, as a percentage of GNP. Official US aid has steadily declined in 

recent decades, and is now only 1/6th of the UN target of 0.7%. Only four countries, three 

of them Scandinavian (DK is Denmark), exceed the UN set target of 0.7%. Raw data 

source: OECD,12 World Bank.13 

 

                                                 
12 http://webnet1.oecd.org/xls/M00002000/M00002883.xls 8.8.01 
13 World Development Reports and World Development Indicators CD ROM. 
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Plausibility: Inequality, adverse environmental change and civilisation failure 

Inequality threatens global civilisation failure through a more indirect route than the 

global guerrilla war referred to above. In addition to widespread anti-Western resentment, the 

indifference of wealthy and powerful populations towards the global poor has been and is still 

a factor in the incremental erosion of vital environmental buffers that separate the present from 

“critical” global environmental changes (see chapter four). This can also be called 

“environmental brinkmanship.”  

Beyond these threshold points - lie multiple, interacting pathways with a quickly 

steepening risk of local, regional, and ultimately global civilisation failure. Chapter seven 

presents a detailed quantitative analysis of global environmental change, including an 

assessment of the size of the remaining buffers that may separate us from these critical points. 

Considerable uncertainty exists regarding these thresholds, which may be very close. The 

point is that we continue to approach these points, in large part because of cultural and 

civilisational arrogance, itself fanned by inequality and the belief that those with sufficient 

wealth and power will be insulated from whatever adverse effects unfold. 

In one way this route is similar to “pure” inequality as a path to civilisation failure. 

This is that it may require a catastrophic environmental disaster, clearly related to adverse 

anthropogenic global environmental change, before the folly of recent and current policies are 

widely recognised.14 Like global inequality, however, reversal of environmental brinkmanship, 

and the recovery of global environmental buffers will take considerable time. It is possible that 

the increasing chaos and unmanageability of civilisation, in part triggered by the erosion of 

these buffers, will frustrate attempts to reverse the harm, leading to spiralling, irreversible 

“ecological entrapment”. 

To the general public, and even to many environmental scientists, adverse global 

environmental change is usually seen as a series of isolated events, such as diminishing 

                                                 
14 Such “shock therapy” is sometimes invoked by environmentalists as likely to provide the necessary 
“wakeup call” to change global environmental course. In fact, unless the shocks involve an unprecedented 
series of events in quick succession, preferably affecting wealthy and powerful populations, it seems as likely 
that public opinion will experience the “boiling frog effect” (Boyden, 1972). After all, there are already 
perhaps a billion people alive who have been born after the signs of global warming were clearly detected in 
the 1980s. Soon it will be “normal” to inhabit a planet with an almost palpably deteriorating global 
environment. To environmentally shock such a population may prove difficult. 
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biodiversity, ecosystem service damage, unusually hot weather, or, perhaps falling rice 

harvests. However, the interactions and synergisms between a sufficient number of adverse 

environmental changes, aggravated by inequality and resentment, has been insufficiently 

considered. This is the pathway that threatens civilisation failure or worse.  

The following section reviews the limited literature that is relevant to this idea, that is 

that global inequality places at risk the future of global sustainability and thus, at least 

implicitly, that of civilisation.  

Inequality and environmental public goods 

Several writers have argued, partly on the basis of empirical evidence, that national 

inequality increases the spending on private goods, at the expense of public goods and that this 

may lead to environmental deterioration. Magnani wrote: 

“Income distribution parameters and the exposure to environmental risk determine 

the level of pollution emissions by impacting upon the willingness of the median 

voter to pay for environmental protection. The level of environmental protection 

depends on two effects, an absolute income effect, and a relative-income effect. 

While growth in per capita income may increase the capacity to pay for 

environmental amenities (the absolute income effect), income inequality may 

drastically reduce a country’s willingness to pay (the relative income effect) by 

shifting the median voter’s preferences away from consumption15 of the public good 

‘environmental amenities’” (Magnani, 2000) (emphases added). 

Boyce, 1994; Boyce et al., 1999, and Torras and Boyce, 199816 also argued that the 

powerful prefer – and are able to obtain - better environmental amenity than less powerful 

populations. They also argue that more unequal societies will be characterised by greater total 

pollution than more equal societies.17 

Pure public goods are marked by their completely non-excludable and non-rivalrous 

nature. That is, they cannot be monopolised (non-excludability) nor can they be exhausted 

                                                 
15 Magnani means by consumption, a conscious reliance upon public goods, rather than inferring that 
individuals exhaust them. 
16 Torras and Boyce (1998) recognise their discussion is limited to analysis of the distribution of power 
within, rather than between states and other global actors and conclude “Inequality across nations and its 
consequences for the global environment is a promising area for future empirical work”, thus foretelling the 
main proposition of this thesis. 
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(non-rivalrousness). In reality, such goods (for example the light from a lighthouse) are rare. 

However, in their “heritage” condition (that is long ago, before there were significant human 

effects) certain environmental qualities, such as clean water, stocks of wild fish and the 

stratospheric ozone layer belonged in this category (McMichael et al., in press). 

Globalisation, global environmental change and risk 

Writing at about the time of the United Nations conference on the human environment, 

held in Stockholm in 1972, Edwin Brooks associated the emerging inequality in the 

consumption of environmental resources with the risk of conflict. He warned of a: 

“crowded glowering planet of massive inequalities of wealth buttressed by stark 

force yet endlessly threatened by desperate people in the global ghettos of the 

underprivileged” (Brooks, 1974). 

In 1997 Butler warned of “ecological entrapment” an analogue of “demographic 

entrapment” (see chapter three), a process by which adverse global environmental change, if 

left untreated, could eventually lead to civilisation collapse. This paper contained, however, 

little discussion of inequality (Butler, 1997a). 

Rogers (2000) not only explicitly linked inequality with global conflict, but also with 

global environmental change and global conflict. His book is exceptional among critiques of 

globalisation for its detailed and coherent linking of these topics, though even Rogers does not 

propose, as is done here, that inequality leads to the inappropriate policies that increase the risk 

of adverse global environmental change. Several other authors have also hinted at these 

relationships. 

Few of the large number of articles and books that discuss “globalisation”18 or 

“marketism” have explicitly considered global environmental change.19 John Gray (Gray, 

                                                                                                                                                     
17 A seminar hosted by the Beijer International Institute of Ecological Economics of the Royal Swedish 
Academy of Sciences, Stockholm (Daily et al., 1998) also touches on this question. 
18 The term globalisation is used elastically and opportunistically, in both the academic and lay literature. 
Most commonly, it is taken to refer to the recent increased global connections, involving trade, 
communication, travel and migration (by those with sufficient means) and electronic commerce. Legitimately, 
the term can also be applied to the emergence of common global cultural, political and religious movements, 
with a commensurate loss of cultural and linguistic diversity. Implicit in much of the discussion of 
globalisation is recognition of increased “marketism” or “neo-liberalism” – that is, an international shift 
towards political and economic conservatism, reacting to the post-WWII movement towards more restrained 
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1999; 2000) and Anthony Giddens,20 both at the London School of Economics (LSE), are 

exceptions. Gray (1999: 207) warned of “a deepening international anarchy” – a form of 

civilisation failure – as mounting scarcities of resources21 and conflicts undermine 

international co-operation. 

Athanasiou, Chatterjee, Finger and the Brundtland Report 

The cover of Tom Athanasiou’s book, entitled Slow reckoning; the ecology of a 

divided planet (Athanasiou, 1998) states that its author “locates the root of the (ecological) 

crisis in the planetary divide between rich and poor”. However, though containing 

considerable discussion of both wealth and poverty, and occasional references to “inequity” 

the book has little explicit analysis of inequality. The closest the author approaches this is in 

his critique of Robert Kaplan’s article The coming anarchy (Kaplan, 1994): 

“The people of the North appeared as the passengers of an isolated stretch 

limousine... Clearly, Kaplan meant to stress the fragility of Northern luxury, but he 

never even implied that the limo’s passengers might have some responsibility for 

the cruel conditions on those streets” (Athanasiou, 1998: 294) (emphasis added). 

Athanasiou then complains of Kaplan’s failure to mention the World Bank, the 

International Monetary Fund, corporations, the arms trade and so on. These institutions and 

practices may, as Athanasiou infers, be instruments of achieving, maintaining, or 

strengthening inequality between the North and South, but they are not deep underlying causes 

of inequality. These deep causes must lie in forces that constrain or influence such 

mechanisms. Athanasiou attributes much of the cause of the South’s poverty to the North 

(including “Southern elites”), but as analysis it is wanting, simply asserting that inequality and 

the ecological crisis co-exist. However, his concluding chapter argues for a global 

                                                                                                                                                     
marketism. This movement, led intellectually by followers of John Maynard Keynes (1883-1946), flourished 
for several decades. 
19 Most are written by social scientists, including economists and political scientists; their failure to 
adequately consider GEC may illustrate the gulf which Wilson and others identify between these two broad 
divisions of science (Common, 1995; Wilson, 1998). 
20 A recent reviewer of a book by the sociologist Giddens (Giddens, 2000) wrote: “‘Ecological risk’ and 
‘expanding inequality’ are the biggest problems facing global society. (Giddens) sees them as related but does 
not spell that insight out” Beatty (2000). 
21 Gray (1999) is not explicit, but it is important to realise that “resource scarcity” is particularly likely to 
affect renewable resources, including environmental global public goods, rather than minerals and trace 
elements, forecast to be a major problem at the time of the Limits to Growth debate in the 1970s. 
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redistribution of wealth, at the same time accepting that the living standard of the poor must be 

increased.  

The Earth brokers (Chatterjee and Finger, 1994), while critical of both Our common 

future and UNCED, agrees that global environmental change may exacerbate conflict. This 

book places much of the blame for the global environmental crisis at the hands of the wealthy, 

not only in the North but also at Southern elites. Unlike Athanasiou, Chatterjee and Finger, 

bleakly, see little redemption in the democratisation of global information, nor any benefit in 

improving the living condition of the poor.22  

A passage in Our common future (World Commission for Environment and 

Development, 1987) hints at an understanding of the basic proposition of this thesis.23 

However, the solution proposed in this book is to simply increase conventional economic 

growth, with no explicit regard to distribution. This suggests a belief that sufficient poverty 

reduction will occur through “trickle down” to reduce population growth in low-income 

countries and perhaps even to liberate sufficient effective environmental demand to reduce 

environmental brinkmanship, but it does not suggest that its authors have considered, or would 

agree that global inequality contributes to environmental brinkmanship. 

The Worldwatch Institute 

In 2000, the Worldwatch Institute issued a press release for one of its annual 

publications, “Vital Signs”, entitled Social and economic inequities impeding global 

environmental action that stated: 

“From the global digital divide to the devastating AIDS and tuberculosis epidemics, 

the trends in Vital Signs 2000 are exposing numerous fault lines between the North 

and the South, within nations, and between men and women, said Worldwatch 

Senior Researcher Michael Renner, co-author of the report. At the same time, 

however, we need an unprecedented level of co-operation to solve global 

problems” (Sheehan et al., 2000). 

Unfortunately, the report contains little more analysis concerning inequality than 

contained in this extract. Analysis of inequality and sustainability needs to do more than iterate 

                                                 
22 “We are uncomfortable with this principle ... (to eradicate poverty and reduce income disparity) ... because 
it implies … that poverty rather than affluence is the problem” (Chatterjee and Finger, 1994: 50-51).  
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the scale of existing global inequality and call for increased co-operation, laudable as this 

appeal is. The authors discussed in this section achieve little more than recognising that the 

world faces two problems, inequality and sustainability, and, at best, that inequality impedes 

progress towards sustainability. 

An earlier State of the World report argued: 

“This chasm of inequity is a major cause of environmental decline: it fosters 

overconsumption at the top of the income ladder and persistent poverty at the 

bottom... ample evidence shows that people at either end of the income spectrum 

are far more likely than those in the middle to damage the earth’s ecological health” 

(Postel, 1994:5). 

In fact, all people, not just those at each income extreme, damage the Earth’s 

ecological health. Contrary to Postel, it is here suggested that a correlation exists between 

disposable income and ecological damage, even though such damage may be neither direct 

nor obvious. For example, a significant explanatory factor for the environmental Kuznets 

curve (EKC)24 is that a substantial fraction of local pollution from industry used to produce 

goods consumed by affluent populations is “offshored”, that is, displaced from regions such as 

the USA, Japan and Europe to poorer countries such as China and Thailand. Postel recognises 

this. But do not workers employed by such factories – who cannot be considered the poorest 

group of humans - also contribute to both local and global pollution, such as contaminated 

waste, dirty air and GHG emissions? True, such workers consume far fewer goods and 

services than more affluent populations, but they are should not be exempted from making 

some contribution to ecological damage. Economic and social factors drive such populations 

to both work and to consume. 

It is also true that very poor populations may damage their local environment by 

methods such as overgrazing, deforestation, and poor hygiene. But the very poor have 

virtually no part in the production of greenhouse gases, ozone depleting substances, and the 

                                                                                                                                                     
23 “Ecology and economy are becoming ever more interwoven … into a seamless net of causes and effects” 
(World Commission on Environment and Development, 1987: 5) 
24 Simon Kuznets (1901-1985), the 1971 Nobel laureate in Economics, theorised that income distribution 
becomes first more then less unequal during national development, thus following an inverse “U” shaped 
curve (the measure of inequality – such as the Gini coefficient - increases as inequality increases) (Kuznets, 
1955). In the 1990s this proposition was adapted to describe a pattern whereby many aspects – again, using an 
anthropocentric lens - of the local and regional environment first worsen, then improve with industrialisation 
and increased income. Debate remains as to the generalisability of this principle (Torras and Boyce, 1998).  
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overfishing of marine fishstocks. Furthermore, the very poor have almost no control over the 

economic system of which they are a part. Often, their extreme poverty results from the 

encroachment of their resources by more powerful populations (consider for example, 

refugees). In some cases, such as the enclosure movement, a consequence has been to reduce 

the ability of the poor to subsist, thus forcing them to provide comparatively cheap labour for 

wealthier and more powerful populations. 

Epidemiology, public health, and ecosystem health 

The epidemiologist AJ McMichael in Planetary overload, suggested a more explicit 

causal relationship between inequality and sustainability, writing: 

“If I had to reduce my argument to a simple 1-2-3, it would be this. First, the one 

underlying problem is the entrenched inequality between rich and poor countries… Second, 

the two central manifestations of this inequality are: (1) rapid, poverty-related, population 

growth and land degradation in poor countries, and (2) excessive consumption” (McMichael, 

1993b: 7) (emphasis in original). 

McMichael’s analysis improves on those discussed above, by suggesting that global 

inequality is explicitly related to unsustainability. It links both global inequality and poverty 

with rapid population growth and local environmental degradation, and wealth with 

consumption (and distant environmental degradation). The word “entrenched” also suggests a 

systematic component to inequality. 

McMichael devotes two of three closing chapters to “impediments” to solving the 

“macroenvironmental” problems earlier discussed in his book. He states: “today’s incipient 

global warming and depletion of the ozone layer are essentially the cumulative consequence of 

fast-track low-cost development by rich countries.” In a section subtitled “power relations and 

the global commons”, McMichael also recognises the difficulty of changing the power 

relationships between different actors – between nations, within nations and between Southern 

governments and transnational corporations. Some of these arguments are repeated in his more 

recent book (McMichael, 2001a). 

Ullsten and Rapport (2001) have also hinted at a causal relationship between global 

inequality and sustainability: 

“In the now industrialized world, politics in the late 19th and 20th century have 

been about how to distribute a growing wealth created through the input of human 
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skills and labor, financial and natural capital. In today's so-called Third World … 

politics is about battling with dire poverty among a population that continues to 

increase. Thus one might say that people in rich countries are guided by a politics 

of plenty; they exemplify the "ever-more-never-enough" syndromes. The notion that 

the prevailing pattern of consumption might and does undermine their quality of 

life is hardly a concern in policy planning anywhere. For the developing countries, 

one might say that they are guided by a politics of poverty: for these people, it is a 

matter of immediate needs for survival. Under such circumstances there is little 

scope for long- term environmental considerations” (Ullsten and Rapport, 2001) 

(emphases added). 

This extract paraphrases one of the key mechanisms this thesis presents in support of 

its main proposition, that is, that populations risk become incrementally entrapped upon a 

continuum that may end in local, regional and perhaps global civilisation failure, significantly 

caused through GEC. This passage also recognises the important role of population and 

comparative indifference “by people in rich countries”.  

The public health worker, David Werner has also indicated awareness that global 

inequality may be causally related to global unsustainability, by writing: 

“More and more people are beginning to wake up to the fact that the unregulated 

concentration of wealth and power threatens not only their own health but the well-

being of all of humanity and the ecological balance of the planet” (Werner, 2001). 

Inequality and policy 

If global inequality weakens and obstructs efforts to achieve sustainability then it is 

most likely to do so via the cumulative effect of many individual government policies and 

practices. In democracies, these are determined through an interaction of the electorate (those 

who are enfranchised) and the government, the public service, the media,25 lobby groups 

(including academia), and the legal system and the police, the law interpreters and the law-

enforcers. Many international factors, including international treaties, non-binding 

conventions, and military, political and economic alliances also serve to influence national 

policies. As economic globalisation (and integration) intensifies, even independent, 
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economically powerful and democratic societies are increasingly influenced by the broader 

international economic and social milieu.26 

Non-democratic governments also face multiple forces that affect their policies. 

Though there may be no direct electoral input from the electorate, even the most powerful 

dictator may have to respond, at times, to the concerns of regional populations in order to 

retain power. Many such nations have comparatively weak economies (on a global scale), and 

their governments are therefore comparatively dependent on international actors, including the 

International Monetary Fund and the World Bank. Countries with substantial international 

debt are especially vulnerable to movements in their exchange rate, shifts in commodity 

prices, and capital flight. Even China, the world’s most populous and powerful non-

democratic nation, cannot fully insulate its own national policies from external forces. 

Though inequality has no independent existence,27 its influence can be identified as a 

factor operant in many interactions that determine government policy.28 Inequality is a 

relationship between populations with different power, be this economic, political, military, or 

a combination of these. Why should inequality influence sustainability? Surely, critics may 

say, a perfectly egalitarian society could conceive, develop and practice policies that prove to 

be ecologically unsustainable. This is true, to a point. But imagine if a small and powerful 

population was to profit – and maintain its power – because of unsustainable policies that it 

supports. Imagine further that, in part, the powerful population acts in this way because it 

relies, even unconsciously, on being able to manipulate the less powerful population to 

provide for some of its future needs and wishes, even if an environmentally and ecologically 

degraded world does eventuate. Finally, imagine that the least powerful members of such a 

society are the first to suffer harm from unsustainable practices, and yet have the least ability 

of any part of the population to alter existing policies. Such a society may blunder far nearer a 

                                                                                                                                                     
25 Which operates to influence public opinion. 
26 Including the influence of corporations (Beder, 1998; Carey and Lohrey, 1997; Edwards, 1998; Karliner, 
1997; Korten, 1995). 
27 That is, inequality lacks the objective physical existence of a microbe, heatwave or written law. 
28 For example, even in a democracy, votes and influence can be bought by more wealthy populations. This 
may be blatant, as in some parts of India, or indirect, via more expensive advertising campaigns, corporate (or 
trade union) donations to political parties, and so on. Between elections, government polices and public 
opinion are influenced by the media and lobby groups. More powerful lobby groups will, by definition, have a 
greater influence than those that are less powerful. These forces also apply internationally. These issues are 
discussed at greater length in chapter five. 
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threshold beyond which irreversible civilisation failure is inevitable than one characterised by 

a greater diffusion of power and responsibility. 

Science, power and research 

The scenario described above requires substantiation. This thesis will present 

numerous arguments and substantial evidence to support this case. 

Three case studies, described below, concern fossil fuels, tropical deforestation and the 

influence of the free market upon the direction of scientific research. For example, the power 

of the global fossil fuel industry has, so far, been sufficient to outweigh lobby groups who call 

for a greatly reduced dependency upon fossil fuel, in response to concerns about global 

climate change, discussed at length in chapter one. The concerns and fears of economically 

vulnerable populations living on low-lying Pacific islands are discounted in comparison to the 

desires of wealthier fossil-fuel consuming populations living in places such as NSW and 

California. If the power differential between these lobby groups were smaller then 

“decarbonisation” of the global energy system would be far more advanced. 

Tropical deforestation in Third World countries occurs, substantially, through a 

symbiosis involving governments reliant upon foreign currency, investors seeking high 

returns, logging corporations prepared to resort to violence and intimidation, and largely 

impoverished, powerless indigenous populations, prepared, and often forced to participate in 

the destruction of their own ecological base (see chapter one). Again, this symbiosis depends, 

in part, on differences in power between the various populations involved.  

Powerful interests in wealthy countries have also fostered a belief in the superior 

ability of a deregulated global market to deliver global goods, including widespread economic 

development and, at least implicitly, sustainability. These interests have influenced many 

fields of science relevant to global sustainability, including demography, epidemiology, and 

economics (see chapter three). In part, the dependency of science upon socially provided 

funding makes it vulnerable to political influences.29 In turn, the imprimatur of science may 

lend credibility to essentially ideological policies. 

Arguments such as these may seem overly polemic and political, misplaced in a 

scientific research thesis. However, they deserve examination for several reasons. Firstly, the 

                                                 
29 If this seems exaggerated then consider the influence of the Soviet and Nazi governments upon their 
universities, and consider too the co-option of science for military purposes, common in many countries. 
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sustainability of global civilisation is an issue of immense importance, and it would be 

imprudent to dismiss ideas that seek to explain how and why civilisation may be at risk 

without examination. 

The second reason is subtler. Science is an attempt to understand nature. Is the 

examination of the distribution of political power and its consequences a fit subject for 

scientific investigation? If not, why not?30 Could it be that, at least unconsciously, science 

practises a form of self-censorship that limits exploration of this topic? There are several 

responses to this. Either science really is free to examine any question it likes, including 

political power, and hence there is no real debate here. Even though precedents are scarce, no 

a priori reasons exist to object to the investigation of the influence of political power upon 

nature. Secondly, this occurs, but is the province of social, or political science. Thirdly, there 

may really be a hierarchy of factors that operate to block the investigation of the causes and 

effects of inequality and power differential. If so, this is ultimately likely to operate through 

funding forces, controlled by those with economic power. After all, this argument goes, 

science is a servant of broader society, dependent upon it for support. It must therefore do 

what it is told. The counter argument is that science needs a substantial degree of 

independence in order to best serve the society it is part of.31 

A third reason for the negative reaction that many scientists may have to the possible 

investigation of overtly political research questions is that science32 lacks tested methodologies 

to do so. The putative relationship between inequality and sustainability is in this category. My 

response is that inadequate methods to explore these questions are likely to in part result from 

past scientific censorship (both internal and external), and hence to form a self-reinforcing 

cycle. Methods to investigate even important research questions will remain undeveloped if 

the question is consistently ignored. In turn, the method’s crudeness, or vagueness, may be 

used to discredit or to discourage attempts to explore the research issue, or to legitimate its 

neglect. This is undesirable if the research question is of genuine importance. 

                                                 
30 Philander (2001) laments the blurred distinction between science and policy in the debate about global 
warming. I am proposing that the factors that determine policy making should be a legitimate area of 
scientific investigation. 
31 Fear of ridicule and opposition, realistically based in a non-scientific but deeply held cultural bias, delayed 
the publication of Charles Darwin’s evolutionary theories for decades (Desmond and Moore, 1991). 
32 At least, non-social science. 
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Inequality, sustainability and causality 

This thesis presents a new methodological approach to the issue. Although it was 

argued in chapter one that the investigation of the relationship between inequality and 

sustainability is a legitimate topic for epidemiology, and for science in general, no established 

method to do this exists. Additionally, the traditional epidemiological causal criteria, 

developed by Austin Bradford Hill33 cannot readily be adapted to this question. Of these, the 

most relevant is plausibility, but assessment of the validity of political plausibility is 

influenced by subjective factors, even more so than is generally the case in a Bayesian world.34 

The most important of these is likely to be one’s previous attitude towards inequality. 

That is to say, observers who approve of substantial inequality (perhaps for reasons entirely 

separate to unsustainability) are probably less likely to be persuaded by arguments that 

criticise inequality than are observers who previously disapprove of inequality, and vice versa. 

Additionally, many observers are likely to have a pre-existing bias towards or away from the 

position that unsustainability is a genuine issue. This is also likely to influence their judgement 

concerning the validity or otherwise of the putative causal relationship with inequality. 

Methodology 

Subjectivity affects all fields of science, and indeed of life. It is therefore desirable to 

adduce evidence, beyond pure arguments over plausibility, to support or refute the major 

proposition of this thesis. This thesis takes several steps in this direction. 

Firstly, it examines the extent of global income inequality. For example, despite a 

commonly held view that global income distribution has become more unequal in recent 

                                                 
33 Strength of the association, a dose response relationship, consistency, coherency, biological plausibility, 
laboratory evidence, temporality, analogy and reversibility, though even the fulfilment of Hill’s criteria does 
not prove causality. Koch’s postulates, themselves a causal innovation developed in the late 19th century to 
investigate emerging theories of communicable disease transmission, proved unsuitable to investigate the 
epidemic of lung cancer seen in industrialised countries during the 20th century. Consequently, Hill developed 
new criteria. 
34 Thomas Bayes (1702-1761) is one of the father’s of probability theory. Bayes' theorem gives the rule for 
updating belief in a hypothesis given additional evidence and background information, or context. The 
plausibility of any theory is influenced context. These include cohort effects, derived from prevalent beliefs 
that inevitably effect any generation. For example, Snow’s hypothesis that contaminated water could transmit 
cholera, formulated in the 1850s, preceded the microbial identification of cholera by several decades. Thus it 
had limited biological plausibility at that time, when miasmatic theories dominated. Nevertheless, even then, 
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decades (see chapter five) several scholars have actually argued the converse (Firebaugh, 

1999; 2000; Melchior et al., 2000). These claims are examined in detail, and refuted, using a 

quantitative method based on World Bank data. 

Secondly, the thesis suggests that the distribution of global economic and political 

power, at both individual and population levels, can be approximated by determining the 

distribution of foreign exchange adjusted income, that is income in tradeable currency, such as 

US dollars. 

Thirdly, the thesis examines the extent of global environmental change. Again, despite 

a widely held view that adverse global environmental change is occurring, claims have been 

made (Simon, 1981; Lomborg, 2001) that this is in fact largely an artefact caused by selective 

reporting. This topic is discussed in detail in chapter seven, in section two. 

Fourthly, the concept of sustainability, though useful, is elusive and contentious (see 

chapter one). The thesis develops existing concepts of “dangerous” environmental change and 

also extends these, by proposing quantitative values for several kinds of “critical” 

environmental change. It argues that a composite index based on these provides a useful 

measure of the proximity of civilisation to its failure, because of environmental 

unsustainability. It suggests that the gradual approach towards this point constitutes 

“environmental brinkmanship” (see chapter four). 

Because of lag times, measurement uncertainties, unmeasured confounders, and the 

complexities of the relationships between inequality and sustainability estimating a dose 

response relationship is premature. However, this may be possible in future. Finally, though 

the sustainability of modern civilisation is an “n of 1” problem35 (Davis, 2001a), insights to 

this question can be gleaned from past cases of civilisation failure (see chapter one) and also 

from computerised simulations. It may one day be possible to run computer simulations which 

not only predict the effects of global warming, but the interactions between different forms of 

global environmental change and social responses, including famine, water scarcity, epidemics 

and conflict (see appendix thirteen).36 

                                                                                                                                                     
competing theories of infection did circulate (Susser and Susser, 1996). Supporters of infectious theories 
would no doubt have been more receptive to Snow’s hypothesis than followers of miasma theory. 
35 That is to say, we only have one subject to study.  
36 The Limits to growth studies were conceptually similar, but criticised because of the crudeness of their 
models and their limited computing power. 
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These methods may perhaps best considered as an epidemiological contribution 

towards an emerging multidisciplinary field known as “sustainability science” (Kates et al., 

2001).37 Of themselves they cannot be used to prove my main argument, but they may 

nevertheless contribute to a range of useful elements which more sophisticated methods may 

analyse in future. Nevertheless, no matter how sophisticated the analysis, how powerful the 

computer, and how accurate the data, the complexity of existence is likely to always leave a 

gap between what our models can provide, and what we may desire. A degree of judgement 

will always be required, and this will necessarily involve subjective judgements and leave 

uncertainty.38 

Finally, had the quantitative data analysed in chapters six and seven supported the 

minority view (that is that inequality has decreased, that global environmental conditions have 

improved and that little evidence suggests potential civilisation failure) then this would have 

provided powerful refutatory evidence. 

Attitudinal transition 

Chapter one briefly described the attitudinal transition as a major component of the 

sustainability transition. This refers to the widespread change in public thinking and attitudes 

required to initiate, lobby, cajole, support, and enforce the sustainability transitions’ other 

elements: technological, demographic and organisational. The latter three require the 

investment and transfer of considerable resources, and this is unlikely to occur on a sufficient 

scale until there is substantial support from and pressure on those who control the resources.  

Conceptually, the influence of inequality may be most easily discerned by considering 

how powerful elements can act to influence public opinion. It can do this by manipulating the 

flow of information; whether by frank distortion and misinformation (including education), by 

subtle differences in emphasis, by advertising or by the employment of public relations 

companies and techniques. A large number of books (Athanasiou, 1998; Beder, 1998; 

                                                 
37 Bettina Menne, global change officer of the WHO European Centre for Environment and Health in Rome 
recently commented “Up until now… most studies of the multiple, interlocking risk factors posed by [global] 
warming have been driven ‘not by the public health people but by [computer] modellers, mathematicians and 
climatologists or economists.’ The public health community must become more deeply involved in these 
assessments” (Agnew, 2001). 
38 An analogy is the estimation of the probability of the degree of climate change. This draws on numerous 
disciplines, including climatology, glaciology, dendrochronology, history and computer simulations. 
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Gelbspan, 1998; Karliner, 1997; Lear, 1997; Rowell, 1996; Stauber and Rumpton, 1995), 

book reviews (Dormandy, 2000) and papers (Butler, 2000c; Edwards, 1997a; 1998) have 

documented systematic and organised attempts, often funded by powerful lobby groups that 

profit from the status quo, to influence public opinion away from one of environmental 

concern. Of course, numerous writers, journals, advertisements, organisations, books and 

articles have attempted to influence public opinion towards one of environmental concern. 

Powerful and wealthy interests also support some of these forces,39 but as a generalisation, 

such groups have less political and economic power. 

Estimating the budgets of the opposing parties could test this assertion, but accessing 

adequate data would be problematic. Beder (1998) points out that many anti-environmentalist 

lobby groups have also been able to place many opinion pieces in regional media, in part using 

the influence provided by the threat to withdraw advertising. At the moment the size of pro-

environmental industries,40 though growing rapidly, is still comparatively small. 

Ecological economics  

A component of the delayed attitudinal transition is the delayed acceptance of 

ecological economics. In contrast to economics, ecological economics (Arrow et al., 1995a; 

1995b, Costanza et al., 1997; Daily et al., 2000) remains little known to the general public. In 

contrast to the traditional economic position that the environment is a subset of the measured 

economy, ecological economists argue the reverse - that the measured economy is a subset of 

the far larger natural economy. 

The difference between these disciplines is so marked that it is inconceivable they 

could have equal prominence, an example of an “all or none” phenomenon.41 Applied 

knowledge, for example by applying the principles of ecological economics, may enable a 

more sustainable future, by means such as decarbonisation of the energy system and 

increasing the speed of demographic transition, especially by education.  

                                                 
39 Including wealthy private foundations, especially in the US, such as the MacArthur foundation. This has 
some similarities to the coalition that gradually developed between certain wealthy benefactors and the lower 
middle classes, which eventually facilitated the sanitary revolution of late 19th century Britain (Szreter, 1997). 
40 Not only the wind turbine industry, but even, arguably, some oil companies. 
41 There are numerous examples of this phenomenon in both society and ecology (Scheffer, 2001). Consider 
an absolute monarchy and a republican movement. Probably these two economic disciplines will merge, as 
conventional economists are forced to accept the principles of ecological economics, just as monarchies can, 
sometimes, come to terms with republican movements. Until and if this merger occurs, the disciplines will 
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Arguably, ecological economics remains comparatively uninfluential because its 

principles disproportionately threaten the income and influence of comparatively powerful 

populations. 

Plausibility: How might inequality self-propagate? 

The above sections have argued that inequality delays the attitudinal transition, 

including ecological economics, and have reviewed the sparse literature that links inequality 

directly with sustainability, or its lack. This section presents a theory for how inequality may 

act to propagate and even to intensify itself. 

Substantial inequality means that the experience of the majority of elite decision 

makers is considerably removed from that of populations at the other pole of the distribution. 

This is particularly so when inequality is considered at a global level. This experience is likely 

to impede the theoretical and practical development of policies to reduce inequality for several 

reasons. Firstly, because the elite have little direct experience with disadvantaged populations 

they may be more willing to believe characterisations about the poor that are used to justify 

their comparative poverty.42  

Kaplan, analysing the end of the Golden Age of Greece, writes that the Greek historian 

Thucydides thought: 

“the very security and satisfactory life that the Athenians enjoyed under Pericles 

blinded them to the bleak forces of human nature that were gradually to be their 

undoing in the Peloponnesian War” (Kaplan, 1997). 

Kaplan goes on to warn that American elitism may blind Americans to the despair and 

chaos that still exists in much of the world. Similarly, the lack of direct experience with the 

poor is likely to mean that few elite policy-makers develop sufficient emotional and 

intellectual commitment to the poor to try to improve their position, especially in the face of 

disinterest or hostility by their peers. If this is true at a national level, then it is likely to be 

even more so at a global level. 

                                                                                                                                                     
continue as two “basins of attraction” each in a stable state, each unable to accommodate the other, and with 
only one receiving much public attention. 
42 For example the poor are lazy, unintelligent, greedy or in some other way deserving of their hardship. 
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Relative poverty, absolute poverty, and ecological economics 

Secondly, because resources are always limited, efforts to reduce relative poverty will 

always involve some degree of reduction in the relative power or affluence of populations that 

are more powerful. For this reason, most recent strategies designed to help the poor do not 

emphasise redistribution. Instead the argument is used that absolute poverty is of greater 

importance than relative poverty. Therefore, runs this argument, the poor are best helped by an 

expansion of the total economy. However, even putting aside suggestions that, at a global 

level, absolute poverty for some poor populations has recently increased43 relative poverty 

remains of great importance, because those with the least power and wealth remain the most 

vulnerable. A fundamental tenet of ecological economics is that the size of the global 

economy is not limitless; hence strategies to help the poor (given an expanding population) 

using this method are ultimately doomed to fail. This argument provides insight into why 

powerful populations are likely to be opposed to ecological economics. 

Economic and political vulnerability is of far less importance in an economy where the 

carrying capacity (see chapters three and eight) is increasing, compared to one in which there 

are marked constraints. Of course, all societies will always have a degree of inequality, but the 

size of the most vulnerable populations is likely to be smaller in societies that are more 

egalitarian. An obvious mechanism to explain this is that such societies are likely to have 

greater social and economic mobility. This means that people in the middle of the distribution 

are more likely to have observed, to have experienced, or to be related to people in the less 

powerful segment of the distribution. The family ties and experience of this group, may 

therefore act to lobby for and to help protect populations that are poorer and more vulnerable. 

If the society is a democracy, or if lowly paid workers are unionised then, the poor will 

be at least partially protected by their enfranchisement. Numerous other factors combine to 

reinforce relative social positions. These include the access and quality of education, early life 

experiences, parenting skills, nutrition, disease exposure and health care, exposure to 

environmental toxins such as lead, arsenic and other chemicals, and so on. Poor populations 

also have comparatively limited access to capital. Many societies practice overt forms of 

economic and social discrimination that serve to limit social mobility. 

                                                 
43 Evidenced, for example, by precipitous declines in life expectancy in some HIV/AIDS affected countries of 
sub-Saharan Africa. 
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At the other end of the economic spectrum, powerful and wealthy populations have 

many advantages that can be used to maintain or even to improve their relative position and 

power. For example, populations that have accrued sufficient capital are able to minimise debt, 

or even to receive a supplementary income, as interest. Powerful individuals are sometimes 

able to negotiate extraordinarily large salaries, or even to award themselves substantial 

financial bonuses that are not based upon performance.44 

Kuznets’ hypothesis 

In an important and frequently cited speech given to the US Economic Association, of 

which he was president, Simon Kuznets hypothesised that as incomes rose inequality would 

first become more marked, and then less so (Kuznets, 1955). Reduced inequality over time, in 

a growing economy, is plausible given several conditions. The existence of a powerful 

unionised workforce, in an economic environment of comparative labour scarcity, together 

with an increasingly educated population may well be able to dismantle some of the barriers 

that reinforce existing inequality. Indeed, the comparative labour shortage that followed the 

Black Death in 14th century Europe is credited as a factor in both the abolition of serfdom in 

Western Europe and with the Peasant’s revolt, which in turn is a precursor of socialist ideals.45 

However, given an oversupply of unskilled or semi-skilled labour, or a reduction in the 

access and quality of subsidised education, reduced inequality does not seem inevitable, even 

in an economy that is growing. The primary economic focus of this thesis is on trends in 

global income inequality (see chapters five and six) but there is some evidence to suggest that, 

at least in certain western economies, inequality may have fallen in the early post-WWII 

period (Cornia, 2001), before again increasing. However, Kuznets’s hypothesis is generally 

not accepted (Decker, 1996, Lindert, 2000; Nielsen and Alderson, 1997), nor does Cornia’s 

suggestion, if correct, support it. The issue of recent trends in national income distribution is 

discussed in detail in chapter five. 

                                                 
44 A recent example is provided by the US company Enron, which is reported to have paid out about US$55 
million in bonuses to about 500 people, days before it collapsed (Oppel and Eichenwald, 2001). 
45 This is plausible because the labour shortage that followed the Black Death (Dyer, 1989). 
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Global environmental consequences of self-propagating inequality 

The above considerations can be condensed to the argument that inequality, generally, 

is likely to be reduced only by targeted policies supported by powerful populations (such as, 

perhaps, many international policies introduced after WWII),46 by stochastic events that 

increase the power of disadvantaged populations (such as the Black Death) or by war, 

revolution, or intimidation. 

It is argued that these principles have important consequences for global 

environmental policies. It has also been argued that inequality delays the attitudinal transition 

because groups that benefit from environmentally damaging policies, especially the 

consumption of fossil fuel, have disproportionate power, leading to an ability to manipulate 

public information, including by the discrediting – or ignoring – of ecological economics. 

Secondly, global inequality thwarts the global demographic transition. This is 

discussed in detail in chapter three. In part, demographic transition is delayed because large 

impoverished populations force down the wages for unskilled Third World labour. 

Additionally, I suggest, the “liddism” doctrine described by Rogers (2000) is interpreted to 

mean that poor, uneducated populations will prove less of a security threat to wealthy 

populations than less poor, better educated populations. The global demographic transition has 

also been delayed by economic policies. The impoverished, comparatively fertile populations 

in the Third World are arguably substantially larger than would be the case if more powerful 

populations had more effectively and genuinely promoted their development. 

                                                 
46 Education is useful to improve economic productivity, and may also reduce inequality, if the educated 
group is comparatively disadvantaged. (This is likely to occur not only because of the direct transfer of 
resources associated with education, but also because educated populations are more likely to be able to lobby 
to improve their condition, and also to transmit attitudes that value education to their children.) 
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Summary 

To summarise, excessive inequality fragments the identification of the constituent 

parts of the total population with the whole. It reduces “top-down” concern, “bottom-up” 

voice and middle-class led reform and watchfulness in the management of global affairs. For 

example, if the gap between the rich and poor grows, the actual circumstances experienced by 

populations at each tail of the distribution will become mutually unrecognisable. Any 

reduction in contact between groups increases the probability of mutual depersonalisation, 

caricaturisation, and discrimination. As a result, increased social indifference by each group is 

likely. Consequences of this may include increased marginalisation of the poor, as a result of 

economic and social policies supported by the powerful, together with indifference by 

excluded populations towards the lives and destiny of those who are perceived to be 

excessively profiting. Ultimately, this may lead to events such as the September 11 attack, and 

perhaps worse, including biological warfare, dirty nuclear bombs, and attacks on nuclear 

power stations. 

Of course, in any society, contact between the elite and the most impoverished has 

always been limited. Chapter one discussed the impossibility of eliminating inequality. But my 

point is that any increase in inequality increases the likelihood of policies, developed, 

legislated and enforced by those with power, that are adverse to the interests of the less 

powerful. At the same time, in a polarising society, the understanding of the wealthy and 

powerful fragment of the population by those who form the poorest and least powerful 

component of the population is also likely to become simplified. At the worst, these attitudes 

may develop to one of mutual incomprehension, dehumanisation and even demonisation. 

In a polarising society, the influence of the population in the middle of the economic 

distribution is also likely to be reduced. This is for two reasons. Firstly, if the gap between the 

elite and the middle is widening, then, by definition, the ability of the population in the middle 

(economically and politically) to influence any policy will decrease in comparison to that of 

the most powerful section of society. Secondly, in such a society, both fear and greed are 

likely to reduce the effectiveness and willingness of those in the middle to try to reduce 

inequality, even if, in theory, this group retains a degree of political influence. 

Fear of economic decline is likely to constrain effective lobbying. For example, 

security of employment and the chance of promotion may increasingly (albeit subtly, 
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especially at first) depend on the expression of acceptable political views, thus promoting self-

censorship.47 At the same time, any society which is either becoming more economically 

polarised, or has plateaued at an extremely unequal distribution, is likely to be characterised by 

cultural attitudes which seek to justify and to encourage the seeking and achievement of 

wealth and power. In other words, cultural constraints against the flaunting of wealth, or 

conspicuous consumption, are likely to falter. This will reduce the cultural acceptability of 

trying to reduce inequality. 

Manifestations of these trends, at a global level, include the reluctance by wealthy 

populations to contribute to meaningful foreign aid (Sachs, 2001; Sachs et al., 2001), to 

effectively intervene to prevent and lessen humanitarian disasters, even of genocidal scale 

(Omaar and de Waal, 1995; Power, 2001; Robertson, 2001) and to withdraw from, or erode 

global treaties which earlier generations perceived as contributing to a more humane and 

secure world (The Economist, 1999). Another consequence of this has been the reluctance by 

wealthy populations, especially the United States, to show leadership regarding threats to the 

global environment, especially that represented by climate change, and declining biodiversity. 

                                                 
47 One only has to think of the policies of Nazi Germany towards Jews and gypsies, and of McCarthyist USA 
towards communist sympathisers, both real and alleged. Recently, Anthony Mundine, an Australian boxer 
was stripped of his official world ranking after expressing his personal view on anti-US terrorism. 
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Chapter three: Demography, carrying capacity and sustainability 

Abstract 

Two competing arguments, that of neo- and anti-Malthusianism, are discussed, 

concentrating on the “ecological footprint”, “demographic entrapment” and 

“Cornucopian” literature. A substantial change in US foreign policy and funding, away 

from the neo-Malthusian position is analysed and linked with the rise of neoliberal 

economic policies and belief in Cornucopianism. Based largely on a series of articles in the 

Population and Development Review, it is also argued that demographers have accepted the 

Cornucopian position too uncritically. 

Economically powerful populations, as a group, are likely to favour the maintenance 

or increase in global economic inequality. In recent decades, academic arguments that 

discount or deny the risk and reality of Malthusian scenarios are likely to have been subtly 

encouraged by factors, including funding patterns, emanating from actors that benefit from 

economic inequality. In turn, this is likely to have delayed the global demographic 

transition, thus contributing to current and future threats to sustainability. 
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Introduction 

This chapter introduces the conventional, alternative pathway to the global 

sustainability transition, termed, provocatively, the “Cornucopian enchantment”. This is an 

exaggerated, simplistic set of arguments, based almost on magical thinking, which essentially 

proposes that sustainability can be achieved, with little effort, almost automatically, provided 

certain economic elements – especially free market principles – are be embedded into global 

society. The most articulate spokesperson associated with this view is the late Julian Simon. 

The literature that gives rise to Cornucopianism is generally founded on reality, but an 

exaggerated form has great potency, and properly deserves the term “enchantment”. An 

alternative – and less charitable explanation for the widespread faith in Cornucopian principles 

is that it avoids any effort to redistribute wealth and power, and thus is compatible with 

increasing inequality and the self-interest of powerful populations. Probably both explanations 

are partially true. 

This chapter also reviews a fragment of recent demographic literature regarding the 

debate between neo- and anti-Malthusianism, concentrating mainly on a single journal, the 

Population and Development Review. It proposes, controversially, that the relevant articles in 

this have accepted the anti-Malthusian arguments too uncritically. Whether in response to 

subtle funding pressures, from a withdrawal of engagement with the issue, or for both reasons, 

it is suggested that demographers in recent decades have not acted with sufficiently clarity and 

purpose to effectively challenge the unconscious adoption of the Cornucopian enchantment by 

elite policy makers. A consequence of this has been the worldwide trend to reduced foreign 

aid. By default, this has delayed the demographic transition, thus making the attainment of 

global sustainability more problematic. 

Of course, demographers cannot be held to have any special responsibility for the 

decline in foreign aid, nor any unique responsibility to contribute to the debate concerning 

global human carrying capacity. Nevertheless, it is suggested that if demographers had not 

distanced themselves as much, as a profession, from neo-Malthusians, lobby groups such as 

the Union of Concerned Scientists, and the general debate concerning sustainability, then the 

politically conservative advocates of the free market are likely to have had less influence upon 
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government, especially with regard to reduced foreign aid, structural adjustment programmes, 

and other free market policies imposed on the Third World. 

Malthusianism and global carrying capacity 

The concept of human carrying capacity, the number of human beings able to be 

comfortably supported1 by a particular region (Arrow et al., 1995a; Cohen, 1995a: 419-425; 

Demeny, 1988; McMichael et al., 1999b; McMichael and Powles, 1999; Myers, 1997a; 

Ravenstein, 1990; Rees, 1996; Willey, 2000), has been implicitly recognised by humans since 

at least the time of the migration of anatomically modern humans, when less-exploited, more 

readily available resources further along the coast, inland, or across the sea beckoned (Culotta 

et al., 2001; Flannery, 1994; Gibbons, 2001; Walter et al., 2000). Indeed, recognition of 

carrying capacity is not a unique human insight,2 but recognised, at least intuitively, by all 

territorial species (Boehm, 1999). 

Many past scholars have recognised the concept of human carrying capacity, including 

in ancient Babylon, Rome, Greece and China (Borrie, 1974; Cohen, 1995a; 1995b; Demeny, 

1988; Johnson, 1999a; Sallares, 1991). Redman writes that both Cicero in Rome and Meng 

Tzu (Mencius) in China wrote, more than two millennia ago, about the degradation of once-

productive lands (Redman, 1999: xiii). AtKisson writes that Plato envisaged zero population 

growth for his imaginary perfect society (AtKisson, 1999: 22). 

Silberman (1960) writes of Hung Liang-Chi (1744-1809), a Chinese scholar3 and 

contemporary of Thomas Malthus, who wrote4 of population outstripping food supply, 

survival of the fittest, and the reliance on the natural “checks” of flood, drought, plague, 

pestilence and warfare to limit population growth. The economic historians Pomeranz (Lang, 

                                                 
1 “Carrying capacity” is a contentious, fluid but necessary and important concept. It can vary in either 
direction depending on resources and events. Changing “comfortable” to “sustainable” in the above definition 
would itself be problematic, given the difficulty of defining “sustainable”. “Comfortable” is intended to imply 
a margin for error, but the size of this buffer is contentious. Carrying capacity is discussed at length in chapter 
eight. Willey (2000) points out that the science of carrying capacity has it own name – “pherology”. Demeny 
(1988) attributes the first modern quantitative formulation to Ravenstein (1990). Writing in 1891, this author 
predicted a maximum global human population of slightly fewer than 6 billion, a figure reached in 1999. 
Cohen (1995a) contains a comprehensive summary of different definitions of carrying capacity, and of 
estimates of maximum global population.  
2 Nevertheless, some economists deny that the concept is meaningful for humans. This is discussed later in 
this chapter. 
3 Silberman (1960) also mentions a "Japanese Malthus" called Honda Toschiaki (1744-1821). 
4 Independently of Malthus 
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2000; Vice, 2000) and Landes (1999) each implicitly recognised the concept of carrying 

capacity when they argued that European expansion in the second half of the last millennium 

was facilitated by the appropriation of extra-territorial ecological resources, particularly from 

the New World. This included the use of enslaved and indentured labour (Bales, 1999; 

Hochschild, 1998).5 

More recently, many of the concepts embedded in human carrying capacity have been 

described eponymously, named after a comparatively recent European contributor6 to this 

debate, the Reverend Thomas Malthus.7 Indeed, “debate” may overstate the strength of the 

opposing argument during the early nineteenth century. Mogens Boserup argues that until 

about 1870, Malthusianism, the view that humanity is engaged in a more or less remorseless 

struggle between food production and the checks of famine, epidemic and war,8 was widely 

accepted in Europe (Boserup, 1978).9 Its widespread acceptance persisted far longer in low-

income countries such as India (Caldwell, 1998).10 

                                                 
5 Slavery is an ancient practice (Balter, 1995; Contenau, 1954), including in at least some resource-rich pre-
agricultural societies, for example economies based on salmon on the Pacific coast of North America 
(Hayden, 1995). Slavery, rather like machinery, is likely to increase carrying capacity, at a cost of increased 
inequality. 
6 According to Demeny (1988), Joseph Schumpeter credited a 16th century Jesuit, Giovanni Botero with the 
first clear articulation of the Malthusian principle (Botero, 1985). Yet Demeny’s own article open with a 
biblical quote: “when goods increase they are increased that eat them" (Ecclesiastes 5:11). He comments 
“these word of the bible present a theory of population growth, unmistakeably Malthusian in cast". I agree; 
though not couched in the para-scientific terms used by Malthus (see following note) the insight is ancient. 
Debating its origins may give a veneer of profundity to what is really common sense, intuitively, if not 
consciously, recognised by most of humanity. 
7 Malthus’s Essay on the principle of population predicted that population would grow “geometrically” (i.e. in 
multiples) while food production would only grow “arithmetically” (i.e. in additions). Thus, food production 
would never keep up with population. Mogens Boserup argues that these statements were arbitrary and 
“unsupported by empirical evidence”. “By giving this statement the form of a kind of mathematical law of 
nature, Malthus exempted himself from giving empirical evidence for his assertion”. She concludes “In out 
time, this same trick of opposing geometrical and arithmetical growth ratios has again been used and with the 
same result: a seemingly inescapable limitation of the potential for growth” (Boserup, 1978: 137). 
8 Malthus accepted that carrying capacity increased, but at a rate slower than unrestrained population growth. 
9 Desmond and Moore (1991: 266) make the same point, pointing to the influence of Malthusian thinking 
evidenced by Patrick Matthews’s Emigration Fields “which directed the paupers who lost out to leave for the 
colonies” and the later indifference of British officials to the victims of the Irish famine, justified on 
Malthusian grounds. But by the “optimistic 1860s” Malthus was passing out of vogue (Desmond and Moore 
(1991: 485). 
10 However, some socialist countries, especially the Soviet Union and, initially, Communist China disputed 
Malthusian theory (Finkle and McIntosh, 1994; Silberman, 1960). The roots of this may lie in Malthus’s 
vigorous support for laissez faire capitalism, or at least in the appropriation of Malthusian arguments by 
capitalists, especially during the “hungry 1840s”. Many Latin American, African countries also long 
continued to deny Malthusian theory, as, according to Myrdal (1987: 535) did Indonesia. 
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However, the comparatively rapid global population growth in the early 20th century, 

combined with many technological advances, appear to have eroded support for Malthusian11 

arguments within the developing profession of demography, even though global concern 

increased, reaching a crescendo during and immediately following the late 1960s (Finkle and 

McIntosh, 1994), the period that experienced the fastest global population growth rates in 

history.12  

This period, albeit with demographers largely on the sidelines,13 saw a ferment of 

discussion, debate, and political concern.14 Though Malthus’s name was rarely invoked in this 

period (Caldwell, 1998), numerous articles, conferences and books, of which the best known 

is probably The population bomb (Ehrlich, 1968), predicted large-scale famines in the Third 

World (Paddock and Paddock, 1967) and global “limits to growth” (Hardin, 1968; Meadows 

et al., 1972; Mesarovic and Pestel, 1974). But this time was also, albeit under-estimated at the 

time by most contributors to the debate, the dawn of both the Green and contraceptive 

revolutions.15 The first, a bundle of new, more productive plant strains, fertilisers, and 

pesticides, greatly increased agricultural productivity, though possibly not without substantial 

ecological costs (Tilman, 1998). The second introduced comparatively cheap, reliable and safe 

contraception on a wide scale (Schiebinger, 2001), accelerating the demographic transition 

(Caldwell, 1999). Largely as a result of the Green Revolution the scale of famine in the last 

                                                 
11 Keyfitz (1993), AtKisson (1999), Johnson (1999b) and others (Boserup, 1978) argue that a substantial 
change occurred between the first and second editions of Malthus’s essay. According to these sources, the 
argument presented in the second essay was more sophisticated, stressing social factors and allowing the 
possibility of “moral restraint” including delayed marriage to slow population growth, rather than simply 
famine and war. Johnson (1999c) laments that it is the first, more pessimistic version of Malthus which is best 
remembered. However, though the first essay may be less sophisticated and more apocalyptic, both essays 
make the same essential point: that populations will struggle for resources. Desmond and Moore (1991: 264-
265) report that Darwin was influenced by the sixth edition of Malthus’s essay in his formulation of the theory 
of evolution. The last paragraph of The origin of species includes the phrase “a ratio of increase so high as to 
lead to a struggle for life” (Darwin, 1999: 400). 
12 Estimated at 2.04% per annum for 1965-1979 (United Nations Population Division Department of 
Economic and Social Affairs, 1995: 99).  
13 Too many Americans, by Lincoln and Alice Day is an exception (Day and Day, 1965). 
14 Finkle and McIntosh (1994: 6) attribute this to concern that the comparatively impressive economic growth 
in many Third World countries during the 1950s was being undermined by population growth. 
15 Gunnar Myrdal’s early recognition of the potential of artificial contraceptives was an exception (Myrdal, 
1987). Lester Brown, considered by many to be a population alarmist (Smil, 1997), claims substantial credit 
for introducing the Green Revolution to India (Brown, 2001b: 146). Brown argues that while this succeeded 
beyond his expectations, increased food is not enough; a substantial reduction in population growth rate is 
also required (Brown and Kane, 1995). 
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decades of the twentieth century was far less than that foreseen in the 1960s.16 The growth rate 

of the human population also started to fall, though according to official forecasts, 

demographic momentum is still likely to result in a population of almost nine, and perhaps 

more than ten billion people by 2050 (UNFPA, 2001).17 

Although public concern gradually receded from the high-water mark of the late 

1960s, a cohort of writers continued to warn that many human carrying capacity limits, both 

regionally and globally, remain dangerously close (Anonymous, 1990; Bonneux, 1994; 

Brown, 1987; Brown and Kane, 1995; Butler, 1994; 1997; Catton, 1980; Daily and Ehrlich, 

1990; Ehrlich and Ehrlich, 1991; Ehrlich et al., 1995; Hardin, 1998; Homer-Dixon, 1994; 

Homer-Dixon and Blitt, 1999b; Homer-Dixon et al., 1993; Imai, 1996; King, 1990; 1991; 

1999a; King and Elliott, 1996a; 1996b; 1997; King et al., 1995; Last, 1995; McMichael et al., 

1999b; McMichael and Powles, 1999; Meadows et al., 1992; Myers and Simon, 1994; Njoku, 

1986; Potts, 1999; Rees, 1996; Short, 1998; Union of Concerned Scientists, 1997; 

Wackernagel and Rees, 1995). 

An important, often overlooked voice in this debate is Norman Borlaug, the 

agricultural scientist awarded the Nobel Peace Prize for his work in promoting the Green 

Revolution. Borlaug warned in his acceptance speech (1970): 

“The Green Revolution has won a temporary success in man's war against hunger 

and deprivation; it has given man a breathing space. If fully implemented, the 

revolution can provide sufficient food for sustenance during the next three decades. 

But the frightening power of human reproduction must also be curbed; otherwise 

the successes of The Green Revolution will be ephemeral only” (Tribe, 1994: 16) 

(emphasis added).18 

                                                 
16 Deaths from famine and war have been in the tens of millions, but this is an order of magnitude lower than 
feared by Ehrlich, the Paddocks and others. Vandana Shiva (2000) argues that the increase in Indian grain 
yields as a result of monoculture has been exaggerated, because at the same time farmers have lost access to 
other crops. Her argument that nutrition for poor populations may have deteriorated as a result appears 
credible, but on the other hand few if any of the vegetables or fruits that may have been displaced by grain 
crops give the insurance against famine that the long storage capacity and transportability of grain affords. 
17 The low, medium and high projections for 2050 are 7.3, 8.9 and 10.7 billion people, respectively. 
18 More than two decades later Borlaug warned: “I am deeply concerned that humankind is being taken to the 
brink of disaster in hopes that a scientific miracle at the last moment will save the day” (Borlaug, 1995). 
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Neo- and anti-Malthusianism 

In the last few decades, Malthusian concerns have diverged into two opposing schools. 

In the 1940s and 1950s the ecologist William Vogt concluded that the earth was then already 

overpopulated (Demeny, 1988). Four decades later, Daily et al (1994) concluded the optimal 

human population was approximately 1.5 to 2 billion people. Willey (2000), after reviewing 

the work of a number of neo-Malthusians, also concluded that the optimal global population 

approximated this figure. Of course, optimal is not maximal. Estimates of the maximum 

population the Earth might feed19 are almost two orders of magnitude larger, made by writers 

such as Colin Clark and Roger Revelle. 

In contrast, in 1958 Clark estimated that the Earth might feed 28 billion people (Clark, 

1958) an estimate later scaled up to 157 billion (Cohen 1995a: 190-196). Daily et al., (1994) 

argue that such estimates are based on “preposterous assumptions” and not worth refuting. 

However, these estimates are taken seriously by some authors (Kasun, 1988); refusal to 

consider these arguments is unlikely to advance, but rather to further polarise this debate. 

A characteristic of the estimates of optimal global population is their advocacy for 

lower inequality. The low estimates also consider constraints other than food production, such 

as stabilisation of the global climate. In contrast, Clark’s high estimate assumed a subsistence 

living for the global population, and ignored environmental feedbacks that might reduce 

carrying capacity, such as climate change and conflict. 

Anti-Malthusians might argue that Clark’s upper estimate is so much greater than the 

current population that there can be no reason to worry. However, Clark’s lower estimate (28 

billion) is only three times the global population forecast by 2050. This estimate was derived 

by scaling up the agricultural capacity of Holland, the most fertile part of Europe, to a global 

total of 77 million km2 of “non-arid” land. Clark claimed this would be possible given 

“adequate skill and use of fertilizers”, but his estimate is problematic. Rees (1996) estimates 

that Holland, with an area of 34,000 sq km, appropriates 100,000 to 140,000 km2 of 

agricultural land, mostly from the Third World, for food production.20 Although Clark’s 

estimate was made four decades earlier it is likely that even then Dutch agricultural capacity 

                                                 
19 There are subtle differences between “feeding” and “supporting”. Humans need resources other than 
calories. 
20 Most of the imported "food" is fodder for domestic livestock. 
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relied, in part, on imported resources. Additionally, Holland has an abundant supply of water 

and rich soil. It is surely unrealistic to imagine Dutch conditions can be replicated on all of the 

77 million km2 of potentially fertile land that Clark identified, especially on a sustainable basis 

(see chapter four). 

Overpopulation, the ecological footprint, demographic entrapment and causation 

Anti-Malthusians, such as Julian Simon often argue that the root problem in many 

developing countries is poverty, rather than overpopulation. These authors point to wealthy, 

well-nourished and densely populated nations such as Holland and Singapore as evidence that 

population per se need not be a problem. However, ecologists and ecological economists insist 

that population must be considered in relation to carrying capacity. Certainly, technology, 

resources and ingenuity can increase carrying capacity. However, it can also be decreased by 

infrastructure and morale-destroying conflict and war, intelligence-and creativity sapping 

malnourishment, faulty economic decisions and environmental scarcity and pollution. A 

useful way to analyse carrying capacity is by considering a population’s ecological footprint. 

The ecological footprint 

Advocates of ecological footprint theory argue that wealthy, densely populated 

regions21 have all exceeded the carrying capacity of their land area, but maintain high living 

standards because they can import resources from far beyond their borders. The ecological 

footprint (Rees, 1996; Wackernagel and Rees, 1995) is one of a set of measures22 that attempt 

to provide simple estimates of the human carrying capacity used by any population, from both 

domestic and imported sources.23 Wackernagel and Rees estimated that, in 1994, 

approximately 0.25 hectares of arable land existed per person for the world. Yet, the 

ecological footprint of populations in wealthy countries already exceeded 3.5 ha per capita 

(Wackernagel and Rees, 1995: 14).24 

                                                 
21 Such as Hong Kong, Sydney or Japan. 
22 Another is the “ecological shadow” (Dauvergne, 1997) and the “ecological remainder” – that is the net 
ecological footprint of a nation. 
23 The ecological footprint has been criticised, as too simple, “to the point where comparisons between 
populations may become meaningless” (Lenzen and Murray, 2001). However it is at least a useful first order 
attempt to quantitate unsustainability. 
24 This implies that three planet Earths would have been needed in the 1990s to sustainably support a global 
population of 5.8 billion living at an average North American living standard. 
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The average per capita ecological footprint, in conjunction with the average per capita 

arable land area is a useful tool to determine whether any population is “overpopulated”. High 

population density does not automatically entail widespread poverty,25 just as low population 

density does not guarantee wealth. A number of countries or regions such as Mongolia, Tibet 

and Siberia are comparatively poor, yet have low population densities, though not necessarily 

low populations in relation to their local carrying capacity. Some wealthy countries, including 

Australia have low population densities.26 

Increasing the proportion of the world’s population enjoying a high living standard has 

been likened to lighting the fuse of the “consumption bomb” (Butler, 1997a).27 Yet, in denial 

of this, the central proposition of the WCED definition of sustainable development argued for:  

“extending to all the opportunity to fulfil their aspirations for a better life. A world 

in which poverty is endemic will always be prone to ecological and other 

catastrophes” (World Commission on Environment and Development, 1987: 8).  

The WCED aspiration is for a world with less inequality. Reconciling this vision of the 

future with the limited global ecological footprint is possible only by increasing the footprint 

of poor populations, reducing the footprint of wealthy populations, dramatically decreasing the 

polluting capacity of existing technologies and increasing the productivity of existing arable 

land.28 Optimists may claim that assumptions used to calculate the ecological footprint are too 

pessimistic,29 or that the footprint for wealthy populations can be substantially reduced without 

                                                 
25 Poverty is not only dependent on average measures of wealth but also its distribution. 
26 Nonetheless, the carrying capacity of Australia is low in comparison to its land area, principally because of 
fresh water and salinity constraints (Beresford, et al., 2001). The population-limiting water scarcity in 
Australia was recognised comparatively recently; less than a century ago most commentators thought the 
Australian population would one day rival that of the United States (Cocks, 1996: 2). This would only be 
possible were Australians to have a subsistence living standard. 
27 That is, consumption rather than population may be the real problem. However, some assumptions used in 
this article may already need revision. For example, it has recently been reported that total Chinese emissions 
of the greenhouse gases CO2 and CH4 have declined, by about 7% for 1996-2000 and 2% for 1997-2000 
respectively (Streets et al., 2001). The authors believe this reduction to be genuine, in part from the 
modernisation of inefficient carbon intensive energy sources, as has also occurred in Eastern Europe. 
[However, scepticism about official Chinese energy data has recently been reinforced by the conclusion 
(Watson and Pauly, 2001) that Chinese fisheries data have been systematically exaggerated for the last 
decade.] Streets et al., 2001 conclude, however, that the trajectory of total Chinese emissions is likely to 
return to a slow increase. 
28 A fourth possibility, that of appropriating significant resources from beyond the Earth does not seem 
possible in the coming century, a time when the population-resource imbalance appears to be the most 
perilous. 
29 For example that the proportion of the Earth’s surface which is non-arable is relatively fixed. Possible 
future breakthroughs could increase water availability, while climate change might also increase the quantity 
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politically expensive declines in living standard (Hawken et al., 1999; von Weizsäcker et al., 

1997). Though rarely discussed, it is far more likely that policy-makers who consider this 

topic assume that the existing inequality in the global distribution of the ecological footprint 

will be maintained, or even increased (contrary to the WCED rhetoric), and that any problems 

from the explosion of the consumption bomb will be manageable. 

Ideally, a very high standard of proof should be supplied before optimistic scenarios 

used for global population and resource policy-making are accepted. Stresses will inevitably 

arise from conflict between populations that wish to increase or to suppress the ecological 

footprint of poor populations. Though the definition of sustainable development used by the 

WCED implies this dilemma can be solved, little evidence exists to support this view. 

Demographic entrapment 

Countries with a low per capita ecological footprint (both local and extra-territorial)30 

increasing populations, an inability to emigrate and a low per capita availability of arable land 

area can be described as risking “demographic entrapment” (Brown, 1987; Butler, 2000a; 

King, 1990; Mesarovic and Pestel, 1974). King, the main populariser of this term, originally 

attributed it to Brown (1987), but Mesarovic and Pestel (1974: 123) wrote, “the population 

would appear to be trapped” in a context similar to the current analysis. More recently, King 

(2001b) has traced the concept, if not the term, to Harvey Leibenstein (1957). Richard 

Nelson’s article A theory of the low-level equilibrium trap in underdeveloped economies 

(1956) is also related to this concept and part of his article’s title may survive in the term 

demographic entrapment. Other variations of this term include the “Malthusian trap” (Reilly, 

1998), the “Malthusian poverty trap”, and the “Fertility and development trap” (Simon, 

1980).31 The concept, if not the term, appears to have been commonly understood in the 1960s 

and 1970s, a time when the US was a vigorous advocate of the need to reduce population in 

the Third World (see following). 

                                                                                                                                                     
of arable land. Such critics would need to provide compelling evidence that arable land can be increased on a 
substantial scale quickly, at the most within a few generations, before their objections could be taken 
seriously. 
30 Populations with a high average ecological footprint will be, by definition, wealthy. Some, such as some 
oil-rich Arab populations have high birth rates, and can so comfortably meet additional needs. Others, even if 
faced with economic recession, can respond by belt-tightening; their wealth provides a considerable buffer 
compared to populations that are already very poor. 
31 Given that Malthus, though well known, has no monopoly for this concept “demographic entrapment” 
seems the most neutral as well as succinct choice.  
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Essentially, entrapment theory proposes that population growth, beyond a threshold, is 

counter-productive, “trapping” populations in poverty, epidemics, conflict, or a combination 

of these. In the early stages affected populations may not necessarily become poorer on a per 

capita basis; rather, their affluence does not increase at a sufficient rate (Bower, 1968). 

Beyond a threshold, however, increasing per capita poverty is inevitable (provided the 

population is still growing beyond the desirable level) as spare resources, such as land or 

water, are increasingly used. 

Eventually, such populations are entrapped by the interaction of increased demands 

(for example from a growing number of increasingly poor, perhaps desperate people), 

inadequate escapes (little spare arable land, few migration or employment opportunities, 

limited or declining aid or export income) and – often – policy responses that exacerbate the 

crisis.32 As long as escapes exist, crisis is unlikely, even if rapid population growth is 

occurring.33 But beyond a threshold additional population is likely to precipitate crisis, 

especially in the presence of co-factors such as pre-existing resentment and sub-populations 

vulnerable to resource exclusion or even genocide. 

For example, a scarcity of unused arable land in Rwanda34 has been identified as a 

factor in the drift to urban areas of many young, malleable, unemployed and potentially 

violent men, displaced from rural regions that could no longer provide even a subsistence 

living. In such situations dormant hatred and resentment, especially towards minority and 

vulnerable populations may flare (Denselow, 2000; Kaplan, 1994; Moszynski, 2000; Potts, 

1999; Stokes et al., 2000; Wakhweya, 1995), enabling the “freeing up” of spare carrying 

capacity. 

Of course, most countries with a declining population, or declining population growth 

rate, do not reflect demographic entrapment, but instead reflect voluntary demographic 

                                                 
32 Including, sometimes, indifference by the elite, the “offshoring” of capital (that is corrupt investment of aid 
or loan funds in wealthy countries) and the wasting of aid in grandiose, non-productive projects (see chapter 
five). 
33 In the 1830s as many as 400,000 people emigrated each year from Britain. Radical parliamentarians 
proposed the opening up of New Zealand for additional colonisation (Desmond and Moore, 1991: 266). 
34 Rwanda, the most fertile, but also most densely populated African state was described by Belgian officials 
as dangerously overpopulated in 1929 (King and Elliott 1996b). Several surveys, conducted in the 1960s, 
detected and forecast serious problems if the high fertility rate continued. Each, in various ways, concluded 
that Rwanda’s carrying capacity was approaching its limit (King and Elliott 1996b). At the onset of its civil 
war, Rwanda’s population was over 7.5 million (World Bank 1999) with a population density of 280 per 
square kilometre. Half of its population was younger than 15. Rwanda’s annual population growth rate was 
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transition. However, any substantial decrease in either total population or the population 

growth rate, because of involuntary causes (that is famine, epidemic, war or, arguably, coerced 

family planning) may well have demographic or Malthusian causal elements. Arguably, the 

coerced, widespread fertility control practised in China since 1979 (the one child policy) 

(Kane and Choi, 1999) illustrates a response to a Malthusian scenario.35 

It is difficult, if not impossible, to disentangle all of the causes and effects of the 

factors involved in civilisation and state failure (Adler, 2001).36 However, the main point of 

demographic entrapment theorists and their supporters (Bonneux, 1994; Butler, 2000a; Brown 

and Halweil, 1998; King and Elliott, 1997; McMichael, 2001a; Wilson, 1998: 314-5) is that 

the interaction between the population growth rate, the economy, and the carrying capacity 

needs to be considered in such cases. Identifying high fertility is important because it provides 

a plausible avenue for intervention.37 

Demographic entrapment appears to be an important causal factor in the causation of 

conflicts in several low-income countries, including Rwanda and the Congo. Of course, 

population pressure was not the only cause for the Rwandan genocide of 1994. Increasing 

poverty was also contributed to by a substantial fall in the price of coffee, Rwanda’s main 

export, in the years prior to the genocide (Chossudovsky, 1997: 111-122).38 Some analysts 

have argued that the primary cause of the Rwandan genocide was ethnic hatred and violence 

                                                                                                                                                     
consistently greater than 3% between 1965 and 1985. From 1985 population growth, though falling, still 
averaged about 2.5% per annum until the time of the genocide (World Bank 1999b).  
35 So far China has avoided full-scale entrapment, ignoring its devastating 1959-1961 famine, which caused 
about 30 million excess deaths (Smil, 1999). The smaller-scale, though also coercive Indian family planning 
programme was of shorter duration than in China. It too was clearly motivated by Malthusian concerns. 
36 A recent study sponsored by the Central Intelligence Agency claimed to identify three factors, from a total 
of more than 600 considered, as especially predictive of “state failure”. A cursory inspection of data from the 
State Failure Task Force website (www.bsos.umd.edu/cidcm/stfail 20.12.01) does not suggest that the 
interaction between population growth and entrapment co-factors are considered as important, though 
probably data relevant to these were included in their original 600 variables. Instead, the study identified three 
key factors conducive to state failure: infant mortality, level of democracy and openness to international trade 
(Adler, 2001). A high or even increasing infant mortality rate, such as in the Congo (UNICEF and WHO, 
2001) may well be indicative of advanced entrapment, and thus disguise a deeper cause. 
37 Clearly, rapid increase to the local resources, such as providing more fertile land, is not feasible. Bringing 
in external resources or permitting large-scale emigration may be desirable, but is unlikely to be politically 
sustainable. Therefore entrapment advocates argue for the facilitation of an accelerated local demographic 
transition. Though this may also involve bringing in additional resources it is more likely to be sustainable, 
particularly if this can be accomplished by increasing literacy and meeting existing unfilled contraceptive 
demand, rather than by coercion. The fourth option appears, all too often, to be laissez faire, that is, a 
combination of famine, warfare, disease and a trickle of aid. 
38 Many Third World countries are also dependent on a limited range of export commodities, and therefore 
vulnerable to price fluctuations (Coote, 1992). 
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(Burkle, 1999)39 but this discounts or ignores the role played in the generation of hatred by the 

scarcity of resources. It also raises the question of why the genocide erupted in 1994 rather 

than (say) 2014. 

In the eastern Democratic Republic of the Congo, up to 3 million people are reported 

to have died in the first 32 months of a recent, little reported war (UNICEF and WHO, 2001). 

Recent surveys have reported infant mortality rates of nearly 50%, with up to 75% of children 

dying under the age of two (Roberts, 2001; Vick, 2001). This may well represent advanced 

entrapment. Other populations at risk of entrapment in the near future appear to include parts 

of Malawi, Nigeria,40 Indonesia41 and possibly Zimbabwe.42 

Poverty, causation and demographic entrapment 

Entrapment may also manifest through epidemic disease, in some cases associated 

with famine, as occurred during the Irish “Great Hunger” of the 1840s (Woodham-Smith, 

                                                 
39 Percival and Homer-Dixon (1999) point out that the Rwandan conflict was not initiated by the poorest and 
most vulnerable section of its population, but by a group who were comparatively better-off. This is 
unsurprising; while the most deprived may have a motive to initiate conflict they are less likely to have the 
weapons, organizational capacity, political support and even the physical strength needed to succeed. See 
chapter four for further discussion of conflict. 
40 The recent rise in conflict and slaughter between formerly mostly peaceful religious groups (McGreal, 
2001a) is of concern, given that Nigeria is still has a high population growth rate. Hargreaves (2001) writes 
“Life for most people is a desperate and constant struggle, more so perhaps in the predominantly Muslim 
northern regions … Resources are scarce, poverty is rife, and the area bears witness to some of Africa's worst 
health-care statistics … With an ineffectual secular government struggling with issues of corruption, poverty, 
and violence.” The US diplomat Richard Holbrooke has also warned that “Nigeria could explode at any time” 
(Freedland, 2001). 
41 The interaction between an excessive demand and an insufficient supply of basic resources in Indonesia is 
clearly evidenced by the recent ethnic cleansing and inter-racial warfare between Dayaks and Madurese on 
the island of Borneo (Aglionby, 2001). Much of the current and future conflict in Indonesia between Moslems 
and Christians appears to illustrate unfolding demographic entrapment. After all, many such societies are 
reported as enjoying reasonably harmonious relations for several generations (unlike the Madurese who never 
integrated well with the Dayaks). Population density, perhaps aggravated by increasing expectations, may be 
reaching a critical level in parts of Indonesia, and its previous strategy of inter-island migration may also soon 
reach limits. 
42 The scale of the HIV/AIDS epidemic, with its feedback to morale, governance and economic productivity 
may be a significant factor in the unfolding collapse of the Zimbabwean economy, where population growth, 
as in Malawi, has been reduced by the high prevalence of AIDS. Steele (2001) reviewing Violence and 
memory: one hundred years in the 'dark forests' of Matabeleland, (Alexander et al., 2000) comments how its 
authors identify numerous factors, including inequality, in the form of an “excessively strong state inherited 
from colonial Rhodesia” and a reluctance by the UK to provide promised funds to facilitate a recently 
proposed land redistribution. Neither Steele’s review - nor any other analysis I am aware of, apart from one of 
my own (Butler, 2000a) – mentions the possible roles of HIV/AIDS, nor of overpopulation, in Zimbabwe’s 
collapse. But the former factor, with its flow-on effects to poor education and deteriorating administration 
(Piot, 2000; Whiteside and FitzSimons, 1992) is difficult to disentangle from the second. Though skeptics will 
point out that, until recently Zimbabwe had no evidence of famine, nonetheless its resources have proven 
inadequate to satisfy the increasing expectations of its population. This issue of perception affecting carrying 
capacity is discussed extensively in chapter eight 
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1962).43 Both the European Black Death44 and the HIV/AIDS45 epidemic in sub-Saharan 

Africa may also be a manifestation of demographic entrapment (Butler, 2000a).46 At the same 

time, poverty is also an important underlying cause of the African HIV/AIDS epidemic 

(Butler, 2000d, Basu et al., 2000). Clearly, causation of this epidemic is complex and 

multifactorial. 

Although causation may sometimes be usefully classified into degrees of proximity47 

(McMichael, 1999), there is never a first cause. All causes themselves have causes (Marley 

                                                 
43 During the famine, Ireland continued to export grain. However, the starving Irish population did not have 
any entitlement to this grain; they were entrapped in the sense that the carrying capacity of the land available 
to them was exceeded in those years because of the potato blight. See Butler (2000a) for a further discussion. 
The same blight affected parts of Scotland at that time, but caused far fewer deaths (McNicoll, 1989). In the 
Scottish case more escapes were available, including extra-territorial employment opportunities, and greater 
aid. 
44 Though speculative, this suggestion is not original. Ziegler (1997: 20) reviews previous speculation 
concerning this. The Little Ice Age, which commenced in the late 13th century, was associated with reduced 
agricultural harvests, increased poverty and famines (Dyer, 1989; McMichael, 2001a: 128; Ziegler, 1997: 17-
21) may thus have reduced immunity, contributing to the high death rates from plague. Increased huddling 
against the cold, at a time when woollen cloth was very rare (McNeill, 1976: 188-190) may also have 
contributed to the spread of plague. 
45 While poverty is neither necessary nor sufficient to contract HIV/AIDS it may well be necessary (though 
insufficient) to affect a population on the scale and for the duration observed in sub-Saharan Africa. Poverty 
limits education, preventative behaviour, information, frank discussion and treatment of HIV/AIDS. It may 
contribute to the risk-taking and fatalistic approach to life that Caldwell attributes as major cause of the sub-
Saharan African epidemic (Caldwell, 2000). Furthermore, the death toll from AIDS damages the economic 
productivity of the community, for example by disproportionately killing young adults (Piot, 2000). In turn, 
poverty is a manifestation and cause of entrapment. Although this epidemic has not caused a reduction of 
absolute population, it has caused a substantial, involuntary reduction in the rate of population growth, which 
I argue is an example of demographic entrapment (Butler, 2000a). 
46 King (2001b), in an unpublished article available on the internet argues that the reduced population growth 
consequent to the AIDS epidemic in Malawi may provide an opportunity for that nation to escape entrapment, 
because it slows population growth (King stresses that this should not be used to justify not treating or trying 
to prevent AIDS). I suggest that because this slowing of population growth rate is a manifestation of a 
poverty-associated epidemic that it should more properly be considered a manifestation of entrapment. 
Furthermore, the negative feedbacks of the HIV/AIDS epidemic, such a loss of teachers and farming expertise 
– identified elsewhere in sub-Saharan Africa, if not specifically in Malawi (Brough, 2001; Piot, 2000) – are 
likely to worsen its economic prospects, and at least in the short run, increase the death rate. If population 
growth becomes sufficiently low, or even negative, as a result, then the cycle may be broken, at least 
temporarily. This is hardly a desirable outcome; it would be far better if intervention could reduce the 
epidemic, and improve the living standards by policies such as improved education, debt relief and fairer 
trade. The point remains, however, that a rapid, non-coerced reduction in population growth rates is desirable 
if countries such as Malawi are to permanently escape entrapment. 
47 The popular medical writer AJ Cronin used the term “proximal causation” in his famous exposé of medical 
heroism, folly and hypocrisy, The citadel (Cronin, 1937). Analysis of cause offers hope for detection of 
rational, cost-effective intervention and prevention; identification of distal causes may sometimes help the 
prevention of proximal causes. However, in other cases, identification and amelioration of the proximal cause 
may be more helpful. Distal and proximal are, of course relative. 
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and McMichael, 1991;48 McMichael, 1999; Rothman and Greenland, 1998).49 Furthermore, 

causation is not always linear (Krieger, 1994) and may be bi-directional. 

Cornucopianism, neoliberalism, and US family planning policy 

1960-1980 

As mentioned, the concept, if not the term “demographic entrapment” appears to have 

been well understood by many US government officials during the 1960s and 1970s. In 1958, 

US President Dwight D Eisenhower appointed General William Draper to chair a committee 

to investigate the impact of foreign aid on economic growth. Draper was friendly with Hugh 

Moore, an independently wealthy population activist (Kasun, 1988).50 According to its 

reviewer (Sharpless, 1990) Peter Donaldson, author of Nature against us: the United States 

and the world population crisis, 1965-1980 wrote that the Draper committee couched the need 

to reduce high population growth rates in the rhetoric of national security, concluding that it 

threatened economic growth in poor countries, and that, in turn, poverty and inequality 

threatened US interests. 

Though Eisenhower publicly rejected US involvement in population control,51 public 

and administrative support for this grew, especially during the administration of Presidents 

Kennedy52 and Johnson. For the period 1965-1980 the US was by far the largest funder of 

                                                 
48 These writers quotes Austin Bradford Hill, famous for his nine classical epidemiological causal postulates 
(Hill, 1965), reformulated after the microbiologist Robert Koch’s four postulates (Susser, 1980; 1987) useful 
for establishing “cause” in communicable disease, proved inadequate to assess the putative causal relationship 
between smoking and lung cancer. Hill wrote "all scientific work is incomplete … liable to be upset or 
modified by advancing knowledge". They also quote an antecedent in the chain of causal thinkers, David 
Hume: "We have no other notion of cause and effect, but that of certain objects which have always been 
conjoined together ... We cannot penetrate into the reason of the conjunction." 
49 Greene (2001) argues that too much emphasis can be placed on causal identification. He lists both 
continental drift and Darwinian evolution as cases where the acceptance of important, otherwise coherent 
scientific theories were delayed for many years, through an inappropriate demand for a precise causal 
mechanism. This general principle is also relevant to epidemiology, though in some cases – such as 
contaminated water and cholera – effective action has been possible even with limited scientific 
understanding. Significantly, of Hill’s nine causal criteria (1965) biological plausibility is only one, and is not 
accorded pre-eminence. 
50 Moore, heir of the Dixie Cup fortune had written and widely circulated a pamphlet called The population 
bomb, the title of which he later gave to Paul Ehrlich (Kasun, 1988: 162). 
51 Echoing Truman, US President John F Kennedy’s inaugural speech also called for greater assistance to the 
Third World, though not to foil Communism, but because it was morally right (Butler, 2000b). 
52 Kennedy, though Catholic, was receptive to family planning. Appointments that he oversaw in the US State 
Department paved the way to UN acceptance of an important resolution on population and development, until 
then blocked (Finkle and McIntosh, 1994). 
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international family planning programmes (Crane and Finkle, 1989). In addition to money it 

provided technical support, moral pressure, and even coercion53 to achieve its goal of reduced 

population growth in the Third World. 

The economist Jacqueline Kasun, in her book The war against population quotes 

numerous US officials,54 who also lobbied for increased family planning assistance to 

minimise the perceived negative effects of excessively rapid population growth. She quotes 

two speeches that particularly paraphrase the demographic entrapment theory. In one, Robert 

McNamara, former executive director of the World Bank, explained: 

“more children mean more expenditures on food, on shelter, on clothing, on health, 

on education, on every essential social service. And it means correspondingly less 

expenditure on investment to achieve the very economic growth required to finance 

these services" (Kasun, 1988: 42). 

Kasun also quotes a US House of Representatives Select Committee on Population,55 

which claimed: 

“by impeding social and economic progress in an era of rising expectations, further 

rapid population growth may undermine the internal stability of some developing 

countries. Internal stability in these countries may in turn, provide a catalyst for the 

rejection of established social, economic and political systems, leading to 

increasing domestic unrest and upheavals and unstable international conditions” 

(Kasun, 1988: 47) (emphasis added). 

Kasun provides evidence that US presidents Jimmy Carter was also a strong advocate 

of family planning in the Third World. More than a decade after the success of the Green 

Revolution had been recognised by Borlaug’s receipt of the Nobel Prize, Carter’s farewell 

speech called for “courage and foresight” to meet the grave problem of “overpopulation” 

(Kasun, 1988: 82). Nor were these attitudes confined to Democrats. Almost two decades after 

being forced from office, the former Republican US president, Richard Nixon still espoused 

                                                 
53 For example, Johnson “an ardent proponent of birth control at home and abroad” is reported to have 
demanded, during a famine in 1966, that the Indian government agree to mount both a massive birth control 
(Kasun, 1988: 86) and agricultural development programme (Brown, 2001b: 145-6), in receipt for US wheat. 
54 Including US secretaries of state Cyrus Vance and Edward Muskie. 
55 Cited by Kasun (1988: 33) as published in 1978. 
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strong anti-natalist views concerning population growth in the Third World.56 George HW 

Bush, long before he became US vice-president in 1981, was also supportive of family 

planning in the Third World (Bush, 1988; Cohen, 1995a). Even as Vice President, Bush 

initially used his influence to support voluntary family planning overseas (Crane and Finkle, 

1989: 29).57 

1981-2001 

From the time of the inauguration of US President Ronald Reagan in 1981 US concern 

for the negative effects of overpopulation in the Third World began to dissipate. It is unlikely 

to be coincidental that this period also saw a resurgence and intensification of neoliberal 

economic policies, both within the US and throughout much of the world.58 

In 1982, the new administration suggested that no money be given to assist Third 

World population control.59 By 1984, at the Mexico City population conference, the official 

US position was that “market-based solutions” were the best way to deal with global 

population (Johnson, 1995: 6).60 In Mexico City the US threatened to withdraw funding for 

international family planning programmes, unless they could demonstrate a separation from 

abortion programmes. This policy was eventually instituted during the final years of the 

Reagan administration (Kasun, 1988: 94) and continued during the administration of George 

HW Bush. Though rescinded during the Clinton years (Anonymous, 1993) it was quickly re-

instituted by the George W Bush administration (Cincotta and Crane, 2001). 

During the 1980s, the US continued to provide substantial funds for family planning in 

the Third World, though this declined in real terms.61 In the same period, total US foreign aid, 

                                                 
56 Nixon (1992) wrote “We must help break the link between spiralling population growth and poverty”. 
Nixon also supported continuing US funding of UN Fund for Population Activities in the mid-1980s (see 
following) (Crane and Finkle, 1989). 
57 The involvement of President George HW Bush’s father,57 Senator Prescott Bush, with the lobby group 
“Planned Parenthood” was claimed by many to have cost him election to the US Senate in 1950 (Cohen, 
1995a: 67) 
58 Perhaps detecting these forces the Independent Commission on International Development, in 1977, though 
itself adopting an argument consistent with demographic entrapment theory, warned: “international support 
for population policies is flagging at precisely the time when the commitment to, and political acceptance of 
family planning policies is spreading in the Third World” (Brandt and MacNamara, 1980: 337).  
59 Support for family planning within the Congress and administration was able to overturn this request 
(Kasun, 1988: 83). 
60 Former German chancellor, Willy Brandt a delegate at the Mexico City population conference (1984) noted 
that the US representative stated that everything would “self-regulate” if economic activity was left to go its 
own way (Brandt, 1986: 54). 
61 Kasun (1988: 83) reports that the US allocated US$238 million for overseas family planning in 1986.  
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as a proportion of GNP continued to decline (see figure 2.1). Because demographic transition 

has multifactorial causes, including literacy, reduced infant mortality and a greater economic 

status for women, the total reduction in aid may well have been a more significant determinant 

of delayed demographic transition than reduced family planning funding.62 

Analysing the change in US family planning policy 

This U-turn in US Third World population policy has received surprisingly little 

analysis.63 Crane and Finkle (1989) suggest that the US decided to withhold all contributions 

to the UN Fund for Population Activities (UNFPA) from 1985 because of its assistance to the 

Chinese population programme, which involved both abortion and coercion. In turn, this 

proximal cause was associated with the influence of a small, powerful coalition of 

conservative Republicans, who also favoured laissez faire economic policies.64 

The shift to the right in the economic policy of the US (and other western 

governments) was the result of many factors, many articles, and many individuals (resulting in 

a significant attitudinal transition) (see chapter five). The rhetoric of smaller governments is 

also likely to have reduced support for deliberate, government-supported interventions such as 

foreign aid and offshore family planning support.65 

Crane and Finkle (1989: 43) discuss a perceived heritage of “US exceptionalism” an 

outlook that “‘not only celebrates the uniqueness and special virtues of the US, but also 

elevates the US to a higher moral plane than other countries.’” They point out that this is a 

poor foundation for realistic foreign policy. Though not commented upon, as far as I know, by 

other analysts, might not an additional element – a theory that directly attacked the validity of 

the entrapment theory – be helpful in explaining the transformation in US policy and attitude 

towards the Third World population “problem”? That is, in addition to belief in smaller 

government, free trade, anti-Communism and a genuine opposition to coercion, might not the 

                                                 
62 Even though the Clinton administration was slightly more liberal regarding overseas family planning than 
the Republican administrations, it did not increase foreign aid, nor did it provide significant political and 
economic leadership regarding population issues. 
63 King would argue this is a result of a deliberate taboo (King, 1997). 
64 A fulcrum used by the US right to oppose China was that, at that time, it was overtly communist. 
65 Other factors in the decline in foreign aid are likely to have included both corruption of aid workers 
(Hancock, 1989) and failures of aid. With the benefit of another fifteen years experience, however, foreign aid 
and family planning instituted in the years before 1985 seem more successful than credited at the time (see 
chapter five).  
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conscience of sincere and influential Christians have been soothed by doctrines that argued 

that unrestrained population growth was actually morally and economically desirable? 

On the surface, given the intellectual weight until then overwhelmingly conferred to 

anti-natalist arguments, a doctrine that credibly celebrated anti-Malthusianism might have 

seemed unlikely. Yet many such elements exist in the writing of the conservative, free-market 

leaning economist, Julian Simon. 

Julian Simon’s recipe - the “demand” solution to overpopulation 

Simon’s theory directly challenged that of demographic entrapment (Simon, 1980; 

1981; Simon and Kahn, 1984). A central thesis was  that an increasing population would 

accelerate solutions, not only because more problems automatically increase the demand for 

their solution, but also because more humans means more brain power is at work. Simon’s 

work, amplified by many conservative writers, thus argued that population control was 

unnecessary. Indirectly, his work gave license to wealthy populations professing a moral 

concern for the poor, by suggesting that the best the wealthy might do for such populations 

would be to encourage a freeing of the market and reduced intervention, including of aid and 

family planning assistance. 

Simon ignored, or at least discounted, many forms of negative feedback that help to 

entrap and exacerbate the problems of overpopulated, impoverished communities. As well as 

the factors described above, there are numerous poverty-associated factors that may reduce 

both the work capacity and intellectual potential. These include malnutrition from both calorie 

and micronutrient deficiency (Brown and Pollitt, 1996; Darnton-Hill, 1999; Dasgupta, 1998; 

Hetzel, 1989; Kumar, 2001b; Underwood, 1998) and many chronic diseases, including 

HIV/AIDS, tuberculosis, malaria, sickle cell disease and parasitic infections which impair both 

physical and mental productivity.66 Poverty-associated environmental pollution, for example 

from lead exposure, may also significantly reduce intellect (Tong et al., 2000). In addition, 

poor education and an impoverished67 or violent early social environment are likely to limit the 

learning capacity (Hertzman, 2001), as well as the opportunities and achievement of poor 

                                                 
66 Learning capacity is likely to be reduced by anaemia and tiredness associated with these diseases. 
67 Absolute poverty may not be sufficient to result in intellectual impairment of an individual but is likely to 
be associated with such an effect at a population level. That is, on balance, absolute impoverishment is likely 
to be associated with other directly causal factors that reduce intellectual potential. 
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populations.68 Rather than facilitating solutions, these factors are likely to make escape from 

the poverty trap more difficult. 

Simon’s work also belittles the solution proposed by an increasing number of physical 

scientists: to urgently reduce the rates of both the global population increase and the 

consumption of natural resources, including pollution sinks (Myers, 2000b). His assertion that 

poor populations can “bootstrap” themselves to wealth, without practising deliberate strategies 

to escape entrapment, is, to this writer, simply not credible.69 His work also ignores conflict 

and its domino effect of mutual hatred lasting for generations, undermining development.70 

The ideas popularised by Simon are sometimes described as “Cornucopianism”,71 or 

“exemptionalism” (Cairns, 1999; Wilson, 1998: 304). Many credit Simon’s arguments as 

having a substantial influence, despite their flaws. For example, Demeny writes: 

"The works of Bauer and Simon are representative of this current and have received 

the most attention, but theirs are by no means isolated voices. Close reading of the 

final report of the National Research Council committee that discusses the issue of 

population growth and economic development (1986) provides a case in point. 

Compared to the strong "Malthusian" orientation of a similar report issued 15 years 

earlier (National Academy of Science, 1971) the NRC report is a thoroughly 

'revisionist' document especially if judged by its analysis of population-resources 

issues. Another ambitious review of demographic-economic interactions, one 

carried out by the World Bank (1984), on balance defends the thesis that rapid 

population growth retards economic progress, yet it too could be characterised by 

Colin Clark (1985: 120) as 'Malthusianism in retreat' (Demeny, 1988: 237). 

Barbara Crane (1989: 370) commented that “Simon and others with similar views 

have had a great influence on US international policy since 1981”. Homer-Dixon (1995) 

                                                 
68 Homer-Dixon argues the shortage of highly skilled workers contributes to an “ingenuity gap” which helps 
to entrap impoverished populations. He cites Repetto as stating that “in 1980, sub-Saharan Africa had about 
45 scientists and engineers in research and development for every million people, while the figure in 
developed countries was 2,900" (Homer-Dixon, 1995). 
69 Simon was of course, trained as an economist. This may explain some of his dismissal of biological and 
ecological factors. It would be of interest to know what, if any, direct contact Simon had with the 
impoverished populations, especially in the Third World. 
70 Most preposterously, Simon even claimed that “we now have … the technology to feed, clothe and supply 
energy to an ever-growing population for the next seven billion years” (sic) (Myers and Simon, 1994: 174; 
Cairns, 1999). 
71 In Greek mythology, cornucopia was the name given to the horn of the goat that suckled Zeus, which broke 
off and became filled with fruit. In folklore, it became full of whatever its owner desired 
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argued that “arch-optimists” such as Simon, together with other neo-classical economists have 

influenced the World Bank and other Third World development agencies. Sharon Beder 

(1998: 96) has also commented that Simon and fellow authors writing for the conservative US 

think-tank, the Cato Institute, including Ronald Bailey (Bailey, 1995) have been 

disproportionately influential in modifying public opinion in the US. 

Malthusianism and the Population and Development Review 

Many physical scientists and an increasing number of economists, especially 

ecological economists,72 find the cornucopians’ viewpoints naïve to the point of ridicule, 

absurdity and dismissal. With three exceptions,73 positions as extreme as Simon’s are rarely 

discussed in the physical science literature, except in exasperation.74 Therefore, a position 

midway between neo-Malthusianism and Cornucopianism – as is frequently found in the 

Population and Development Review (PDR) – is likely to be considerably more optimistic 

than that held by the majority of working physical scientists. 

In contrast to its general dismissal by the physical sciences community, the work of 

Simon and Herman Kahn, another economist known for his rejection of neo-Malthusianism, 

has been extensively reviewed by at least one of the leading demographic journals, the 

Population and Development Review (Arndt, 1987; Demeny, 1982a; Easterlin, 1996; Repetto, 

1985; Smil, 1998; Timmer, 1982). The ultimate resource, a book edited by Simon (Simon, 

1981) received three reviews, consuming fourteen pages (Preston, 1982; Serageldin and 

                                                 
72 The work of a leading ecological economist, Herman Daly, is well represented in the PDR (Daly, 1984; 
1986; 1990), including his detailed riposte to the economist Beckerman’s book “Small is stupid: blowing the 
whistle on the Greens” (Daly, 1995b). 
73 Paul Ehrlich, Stephen Schneider (Ehrlich and Schneider, 1995; Kaiser, 2000b; Rapport, 2000) and Norman 
Myers (Myers and Simon, 1994) have all publicly debated Simon. This has not always led to useful results for 
the environmental argument; a bet made between Ehrlich and Simon in the early 1980s regarding the price of 
raw materials was won by Simon, providing considerable fuel for the Cornucopian cause. A subsequent wager 
offered by Ehrlich and Schneider was declined by Simon (Ehrlich and Schneider, 1995). 
74 EO Wilson, reviewing a recent cornucopian book, Lomborg’s The skeptical environmentalist wrote “My 
greatest regret about the Lomborg scam is the extraordinary amount of scientific talent that has to be 
expended to combat it in the media. We will always have dishonest contrarians like Lomborg, their sallies 
characterized by wilful ignorance, selective quotations, disregard for communication with genuine experts, 
and destructive campaigning to attract the attention of the media rather than scientists. And ambition: theirs is 
the back door by which the second-rate gain quick status. They are the parasite load on scholars who earn 
success through the slow process of peer review and approval. The question is: How much load should be 
tolerated before a response is necessary? Lomborg is evidently over the threshold” (Wilson, 2001). 
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Kantner, 1982; Timmer, 1982). These reviews ranged from scathing (Serageldin and Kantner, 

1982) to mildly critical. One criticised the PDR, writing: 

“It is dismaying and more than a little discouraging … that a book so lacking in 

serious merit should receive such widespread attention” (Serageldin and Kantner, 

1982). 

Timmer (1982) concluded “the book is based on faith”. Even Samuel Preston,75 who 

lauded this book as “an important and courageous work” found that “many of Simon’s 

arguments do not themselves bear close scrutiny” (Preston, 1982). Easterlin, reviewing a later 

book edited by Simon called “The state of humanity” wrote: 

“Failing political catastrophe, … 'The material conditions of life will continue to 

get better for most people, in most countries, most of the time, indefinitely. Within 

a century or two, all nations and most of humanity will be at or above today's 

Western living standards" (Easterlin, 1996) (emphasis added). 

Easterlin’s qualifier is very important. Few neo-Malthusians would argue that 

“political catastrophe” is an implausible consequence of resource-population imbalance, on 

any scale. Easterlin agrees with Simon’s fundamental optimism, but disagrees with the 

“demand theory of invention”76 upon which Simon’s claim is based. Easterlin provides no 

reason for his own support of Simon’s position. 

Paul Demeny, editor of the PDR, also reviewed a book by a less well-known 

conservative economist, Peter Bauer. Demeny was critical both of Bauer’s wasted effort 

“inveighing against extremist positions on the consequences of population growth” and of “the 

happy group of social scientists who see the problem of population through the eyes of 

Pollyanna”. He seemed reassured to find evidence that Bauer did not belong to this latter 

group (Demeny, 1982b).77  

                                                 
75 A past president of the Population Association of America 
76 The economic historian Snooks (1996) also asserts that the transition humans now require to avoid 
ecological disaster will occur automatically.  
77 A book by another conservative economist (Kasun, 1988), influenced by Simon, was also reviewed in the 
PDR. Crane found the book “uncritically presented” some of Simon’s arguments. According to Crane, Kasan 
also portrayed family planning programmes as products of a “malevolent conspiracy ... impelled by racist and 
eugenic motives” (Crane, 1989). 
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Writing about a similar cornucopian book, Herman Kahn’s The coming boom: 

economic, political and social, Demeny concluded: “by declining to confront less pleasing 

future scenarios, Kahn trivializes both his arguments and conclusions” (Demeny, 1982a). 

Biological naïveté? 

At least four Malthusian writers have published in the PDR (Brown, 1976; Ehrlich et 

al., 1993; Homer-Dixon, 1995; Lovins, 1990) while others have been reviewed (Clarke, 

1999a; Day, 1998; Espenshade, 1991; Johnson, 1999b; 1999c; Kantner, 1994; Keyfitz, 1993; 

1996; Lieberson, 1985; McNicoll, 1985; 1996; 1997; Revelle, 1982; Shaw, 1993; Wrigley, 

1988). Several of these reviews suggest an anti-Malthusian bias, while others suggest a degree 

of naïveté regarding the physical world held by their writers. 

Neo-Malthusians are sometimes referred to pejoratively, as “doom-sayers” (Hopper, 

1988), “purveyors of doomsday rhetoric” (Preston, 1982), “alarmist” (McNicoll, 1994), 

“Green militants” (Johnson, 1999c) and “disagreeably pessimistic” (Keyfitz, 1996). Hopper 

(1988) calls Amory Lovins and his colleagues “infatuated soft-energy enthusiasts”. These 

terms jar in an academic journal of a scientific discipline that elsewhere prides itself on 

“neutral” language.78  

Several of these reviewers, most of whom are economists, give substantial credence to 

a small but vocal minority of economists who have vigorously opposed the neo-Malthusian 

position. For example, Espenshade disputes the ecologists Paul and Anne Ehrlich’s view that, 

fundamentally, the maximum human population is limited by the availability of food: 

“people and, say, fruit flies are not alike. People can think, fruit flies cannot. 

History is replete with examples in which human ingenuity has transformed 

seemingly immutable limits into expandable ones” (Espenshade, 1991). 

Espenshade goes on to discuss numerous forms of substitution, for example of coal for 

charcoal and oil lamps for whale oil.79 Clearly, humans and fruit flies differ, but does 

                                                 
78 In the same journal, a reviewer chides the author of a book about the Chinese famine in the late 1950s and 
early 1960s, which caused at least 30 million excess deaths, for using “loaded” language (“starved to death”) 
rather than an “objective” term (“excess mortality”) (MacDonald, 1997). Demeny (1989) criticised the 
“romantic and self-congratulatory tone” of Donella Meadows, published in The Cassandra conference. 
(Ehrlich and Holdren, 1988). According to Demeny, Meadows wrote: "I do not know which comes first; we 
loved the Earth, so we chose to study it, or we studied the earth and thereby fell in love with it". 
79 Archaeological evidence reveals many cases of “substitutes”, forced by scarcity, which were less than 
successful, such as shortened fallow periods, smaller rooms in meaner dwellings and the use of famine foods. 
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Espenshade mean to imply that humanity can escape its biological dependency on air, food 

and water?  

Also writing in the PDR, the demographer Nathan Keyfitz, reviewing The stork and 

the plow cautiously presents a “theoretical override” as a way to avoid natural limits (Keyfitz, 

1996). He too cites substitutes, such as plastic for wood, by which human ingenuity can 

increase its carrying capacity. He lauds aquaculture and food plants supplemented by factory-

made energy as solutions. He argues that land-based proteins, “for example soybeans and 

animals raised in feedlots” can be substituted for fish. 

Problems with intensive farming  

Increasing human carrying capacity by ingenious forms of intensive farming is not 

without risk. The original transition to agriculture and animal husbandry enabled larger human 

populations, but introduced new diseases (McNeill, 1976: 61-70) and increased the risk of 

famine. Man has not yet solved these problems. Animals raised in feedlots require substantial 

amounts of infrastructure. Centralisation of the food supply presents an opportunity for 

foodborne pathogens and toxins to infect and poison large numbers of consumers. The 

globalisation of food trade means that food can become contaminated in one country and 

cause outbreaks of foodborne illness in another (Sanders, 1999). 

The “economically rational” practice of feeding herbiverous cattle animal protein led 

to the epidemic of Bovine Spongiform Encephalopathy and variant Creutzfeldt-Jacob Disease, 

now widely recognised as an economic and public health catastrophe (Abbott, 2001; Brown, 

2000c; Butler, 1997b; Lang, 1998; McMichael, 1996).80 Other major problems with intensive, 

centralised farming include widespread antibiotic use and consequent antibiotic resistance 

(Ferber, 2000; King, 2000). The diseases may be old, such as foot and mouth disease81 

(Enserink, 2001; Sharp, 2001; Woolhouse and Donaldson, 2001) and influenza (Belshe, 

1998), or emerging, (Epstein, 1995; Garrett, 1994; Morse, 1993; 1995) such as Nipah virus, 

which affects both pigs and humans (Chua et al., 2000). 

                                                 
80 With hindsight, this could have been avoided by honouring the “precautionary principle” (Abbott and 
Schiermeier, 2000; Bosch, 2001; Butler, 1998a; Dayton, 1998; McMichael and Guest, 1999; Scott, 1999; 
Stephens et al., 2000). This also illustrates an example of what the US epidemiologist Calvin Schwabe called 
"the one medicine", a phase designed to focus attention on the commonality of human and veterinary health 
interests (Zinstag and Weiss, 2001). 
81 A harmless disease to humans, but one which can be financially and emotionally disastrous to economies 
and farmers that try to maintain foot and mouth disease-free status (Zinstag and Weiss, 2001). 
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Keyfitz also lauds aquaculture, but ignores or overlooks concerns about its 

sustainability. Aquaculture is making an important contribution to global nutrition,82 and it 

may, with care, become even more useful, including to poor populations (Pérez et al., 2000; 

Williams et al., 2000).83 However, it is not a panacea. It remains vulnerable to disease, it 

depends crucially on clean water supplies, which are vulnerable, it produces high nutrient 

wastes, it depletes and changes wild ecosystems to provide food for piscivorous cultivated 

species, and it risks dissemination of introduced species (Naylor et al., 2000; 2001; Pérez et 

al., 2000). Keyfitz also concludes that the options discussed in his “theoretical override” 

remain vulnerable. 

John Kantner, a past president of the Population Association of America, reviewed the 

anthropologist Virginia Abernethy’s neo-Malthusian work Population politics: the choices 

that shape our future (Kantner, 1994). Abernethy seems as pessimistic as Simon and Kahn are 

optimistic, but unlike most neo-Malthusian writers, with the important exception of Garret 

Hardin,84 she is politically conservative, criticising foreign aid85 and calling for restricted 

immigration to high-income countries. Interestingly, Kantner did not reveal his own position 

on this question, thus suggesting tacit agreement with the neo-Malthusian argument. Nor did 

he criticise Abernethy’s harsh view towards those adrift in impoverished lifeboats.86 

 

 

 

 

                                                 
82 Watson and Pauly (2001) have recently argues that the global fish catch has been systematically and 
increasingly exaggerated in recent years, by about 10% per annum. Even though the aquacultural harvest is 
increasing as a proportion, because a substantial part of the wild fish catch is used to feed farmed fish species, 
it seems unlikely that aquaculture is making a net contribution to nutrition, though this might change if 
species with low trophic levels were predominantly grown. 
83 Aquaculture has been practised for many centuries in China, apparently on a fairly sustainable basis. Pérez 
et al (2000) argue that in the Third World aquaculture needs to seen more as a high protein food source for the 
poor than a source of export funds, which they claim is promoted by the World Bank, FAO, and the 
International Development Bank. 
84 Another is the former diplomat George Kennan, who, in 1993, argued against further immigration to the 
US: “we have gone on the assumption that such were the spaciousness and fertility and the absorptive 
capacities of this country that there was no limit to either the number or diversity of ethnic characteristics of 
the immigrants we could accept" (Kennan, 1993). 
85 King’s original paper on demographic entrapment provoked a storm of criticism (Butler, 1994). 
86 Hanson (1999) describes the “custom of the sea” whereby shipwrecked mariners were sometimes obliged to 
practice murder and cannibalism to survive, and at times refused rescue by passing ships, on the grounds that 
to do so would place intolerable strain on the resources carried by the larger vessel.  



Chapter three: Demography, carrying capacity and sustainability  

   

142 

Demography, rapid population growth, and ambivalence 

Several other PDR reviews suggest that demographers and ecologists may be at greater 

odds than is warranted by evidence. A major focus of ecological research concerns the forces 

and interactions that determine the size, behaviour and sustainability of non-human 

populations. The work of demographers would seem – at least to some commentators - as 

relevant to identical issues, for human populations.  

Demeny (1988: 216) writes, contradictorily: 

"Not surprisingly, despite the pertinence of the concept to their discipline, most 

demographers have tended to address the question of population carrying capacity 

gingerly, if at all ... they have always been conscious that such success (that is a 

rapid increase in human population size) cannot last long. To hammer home this 

simple truth, a truth that should be evident, as Malthus noted ... has been the time-

honoured task of demographers. The demographic literature is thus replete with 

reminders that population growth is a necessarily transitory experience of the 

human species, but is rather short on specifics as to how exactly long that passing 

moment in history may last" Demeny (1988: 216) (emphases added, with note in 

brackets). 

More recently Bongaarts et al., (2000) confessed, in the executive summary of Beyond 

six billion: forecasting the world's population: 

“Considerable uncertainty in projections stems from unexpected events. Wars, 

natural disasters, economic crises, and similar events can generate streams of 

migrants, suppress fertility temporarily, and produce many premature deaths. On 

the positive side, unexpected biomedical breakthroughs may lead to large increases 

in life expectancy or provide new fertility options. Environmental crises that may 

loom in the future are an additional concern. Events of such types are not within 

the competence of demographers to predict. Their involvement in interdisciplinary 

work is essential to obtain a better appreciation of the likelihood and demographic 

implications of such events (Bongaarts et al., 2000) (emphasis added). 
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In a scathing review of this book87 King (2001c) comment that the writers express no 

understanding of demographic entrapment. This is intriguing given that a more recent quote 

from Bongaarts suggests considerable understanding of entrapment theory: 

“First, rapid population growth leads to a young population, one in which as much 

as half is below the age of entry into the labor force. These young people have to be 

fed, housed, clothed and educated, but they are not productive, thus constraining 

the economy. Second, rapid population growth creates a huge demand for new jobs. 

A large number of applicants for a limited number of jobs exert downward pressure 

on wages, contributing to poverty and inequality. Unemployment is widespread, 

and often workers in poor countries earn wages near the subsistence level. With 

lower birth rates, schools become less crowded, the ratio of dependents to workers 

declines, as does the growth in the number of job seekers. These beneficial 

demographic effects contributed to the economic “miracles” of several East Asian 

countries. 

The traditional urban advantage is eroding in the poorest countries, and the health 

conditions in slums are often as adverse as in rural areas. This points to another 

burden of rapid population growth: the inability of governments to cope with large 

additions of new people. In many developing countries, investments in education, 

health services and infrastructure are not keeping up with population growth” 

(Bongaarts, 2002) (emphasis added). 

                                                 
87 Ranking it as zero, and describing its authors, including Bongaarts, as “the most eminent politically correct 
"yes men" that it was possible to gather round a table, all of whom presumably know what the real situation 
is”. 
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Are modern demographers biased away from neo-Malthusianism? 

It is not possible to conclude from the limited evidence provided by the reviews in the 

PDR, nor the editorial policy that allocated so much space to reviewing Cornucopian work 

that any evidence of bias by demographers towards or away from neo-Malthusianism exists. 

Many reviews were written by non-demographers, and other leading demographic journals88 

were not studied in detail. However, the above analysis provides limited evidence that in 

recent decades, many social scientists have favoured an anti-Malthusian view, in contrast to 

most physical scientists who have continued to hold the neo-Malthusian view. 

Those inclined to the neo-Malthusian position are likely to be concerned that the work 

of Simon and Kahn was taken sufficiently seriously to warrant extensive review in the PDR, 

and to detect bias in the language and tone of several of the reviewers. Of more substance, 

concerning demography, I am unaware of a single recent article written by a demographer that 

appears sympathetic to the neo-Malthusian position, with three possible exceptions. Extensive 

reviews of Malthusianism by both Caldwell (1998)89 and Demeny (1988)90 provide tantalising 

hints that these leading demographers may privately hold more concerns re overpopulation 

than generally realised – as does the above quotation from Bongaarts (2002).91  

Demeny’s essay, quoted from above (Demeny, 1988), provides a fascinating insight to 

the history of demography, is critical of naïve extrapolations used by the population optimists, 

and laments a perceived abdication by demographers of adequate engagement with the 

Malthusian arguments.92 Yet in the same article Demeny demonstrates a worrying ignorance 

of a major – at that time recent - ecological finding vital to the issue of global carrying 

capacity. 

                                                 
88 The journals Demography, Population and Population Studies.  
89 Caldwell’s essay concludes: “But in the successor states of ancient agrarian civilizations, Malthusian beliefs 
and fears, while diminished, remain of significance and ready to reappear when crisis threatens.” 
90 Without using the term, Demeny foreshadows aspects of demographic entrapment theory. After warning of 
the dangers, especially to poor countries, of becoming food-import dependent, he writes "despite the 
optimistic interpretation that may be warranted by global-level findings on food production prospects, the 
detailed picture that emerges is somber. The adequacy of global supplies is likely to have limited relevance to 
the food problem facing a large number of individual countries. For these countries, carrying capacity on the 
country level could become a check to population growth even if global food supplies are plentiful, and even 
if their rate of expansion keeps pace with global population growth" (Demeny, 1988) (emphasis added). 
91 One wonders if Bongaarts recent view may presage another change in the swing of the pendulum regarding 
this debate. 
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Discussing the children’s riddle used by Meadows et al., (1972) to illustrate the 

concept of exponential growth and the alleged Limits to Growth,93 Demeny asks sceptically:  

"how is to be ascertained that we are on the 29th day and face the last chance ‘to 

save the pond’? Diagnosis is a simple matter if what is required is to look at a 

backyard lily pond, but is clearly less obvious in sizing up the state of the global 

population. On what basis can we discard the conjecture that the present 

corresponds, say, to the 24th day, when the global pond would be 1/64th full?” 

(Demeny, 1988). 

Demeny thus ignored the paper by Vitousek et al. (1986), published two years 

previously, which argued that the human appropriation of the products of terrestrial 

photosynthesis approached 40%. Instead, Demeny focuses on responding to the major limits 

to growth perceived in the 1970s, that is raw material and energy scarcity. 

Demeny’s non-discussion of Vitousek et al’s work is of greater concern than any 

rejection of its conclusions could have been.94 This undermines the value of his paper,95 but 

also fuels speculation that, possessed with a little more information, Demeny might more 

clearly have expressed a view sympathetic to the neo-Malthusian position. Instead, he settles 

on a less controversial observation point. 

In the following year, Demeny (1989) reviewed The Cassandra conference (Ehrlich 

and Holdren, 1988), a book, based on a conference, which consists entirely of neo-Malthusian 

arguments. Demeny’s comment about one of its chapters is particularly interesting. In this he 

again suggests that demographers may have shirked engagement with the wider debate 

concerning human carrying capacity: 

“A chapter in the book that should be obligatory reading for demographers is Garret 

Harden's contribution ... Hardin present an honor list of authors ‘whose works have 

contributed most to our understanding of population.’ Demographers are 

                                                                                                                                                     
92 Cohen (1995a: 389) quotes an American demographer Kingsley Davis as complaining “no one specialises 
in the study of population and resources as an integrated discipline”. 
93 If the lilies double in surface area every day, and the pond is covered by day 30, when is the pond half 
covered? 
94 The paper by Vitousek et al (1986) specifically referred to the proximity of growth limits that their work 
implied. 
95 Vitousek et al (1986) cited publications by both Simon and Kahn and also Demeny. Even if Demeny was at 
that time unaware of this paper’s lead author, he could hardly have been unaware of two co-authors: Paul and 
Anne Ehrlich. 
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conspicuous by their absence in the list. Save for some exceptions, says Hardin, 

demographers either say nothing about the human significance of the figures they 

play with, or they tell us "not to worry". They suffer from "pathological numeracy". 

Apparently, no one rose to dispute the charge. Had there been a card carrying 

demographer present, his rebuttal to the ungallant diagnosis would have been 

probably less than vehement" Demeny (1989) (emphases added). 

This firstly suggests that Hardin would be sympathetic to the arguments expressed in 

this chapter, that demographers have in general withdrawn from the neo-Malthusian debate, or 

at least adopted a patronising tone concerning it. It also again suggests that Demeny may have 

sympathies with this interpretation. Finally, it hints that Demeny may be an exception among 

his profession, and may indeed be using his position to try to advocate greater engagement 

with these issues among demographers. 

Demeny, as editor, presumably has a major influence upon the PDR’s content and 

style. The articles in this journal, though generally adopting a somewhat agnostic tone to 

environmental and neo-Malthusian concerns, are nevertheless evidence that more attention to 

these issues has been given than one might expect based solely upon the original contributions 

by demographers to these topics. For example, in the same issue as Demeny’s review of The 

Cassandra conference, an anonymous essay (drafted by the editor?) introduces a verbatim 

reproduction of nineteen points of environmental concern arising at the 1989 Economic 

Summit of the G7 (Anonymous, 1989b).96  

It would be possible to further investigate this by calculating the proportion of space 

related to these issues within the PDR and comparing this not only with other population 

journals (over the same period), but also with the percentage of demographic curricula and 

conferences concerned with the neo-Malthusian debate. 

                                                 
96 As well as providing background this essay highlights different parts of the report, including the 
observation, made by the G7, that "uncertainty should not unduly delay our action". 
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Demographers, King and the “population establishment” 

King, the leading advocate of demographic entrapment theory (see above) has been a 

trenchant critic of a “taboo” which, he perceives, inhibits vigorous debate concerning neo-

Malthusianism among current demographers (King, 1998; 1999a; 2001d; King and Elliott, 

1997).97 I am unaware of any published response by demographers to these criticisms (Abbasi, 

1999a; King and Elliott, 1997), although a number of non-demographers have been highly 

critical of King’s arguments (Abbasi, 1999a). 

Joel Cohen judges King’s arguments to be of sufficient importance to warrant mention 

in his book How many people can the Earth support? However, Cohen’s analysis of 

entrapment theory is limited to a single comment attributed to the development economist 

(note, not a demographer) Robert H Cassen, who, according to Cohen, claimed that there was 

no evidence for the existence of such a trap (Cohen, 1995a: 150). Cohen’s book, published 

soon after the Rwandan genocide unfortunately contained no reference to Rwanda. It would be 

of interest to know Cohen’s current opinion about this. 

Furthermore, a point made by Cohen, a few paragraphs after his mention of 

demographic entrapment, supports King’s theory, although Cohen does appear to recognise 

this. Cohen quotes Dudley Kirk, a professor of population studies, as having specified (in 

1967) six reasons that make it likely that poor countries will pass through demographic 

transition. One of these is that “more governments are recognising that rapid population 

growth renders economic progress more difficult” (Cohen, 1995a: 150).  

Inequality, governance, and demographic transition 

Kirk made this comment when the neo-Malthusian position was more mainstream. His 

argument hinges on the assumption that governments will act rationally and for the common 

good. This may have been a reasonable proposition at that time, but numerous examples of 

poor governance, especially in Africa, demonstrate that, at least in recent decades, 

governments frequently have not acted for the general good. Instead, substantial national 

inequality exists in many poor countries, and this is undoubtedly a causal factor for the 

implementation of policies that are unlikely to bring general benefit. This is consistent with the 

                                                 
97 King has also called the demographic profession “corrupt” (King, 2001c; 2001d). 
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main proposition of this thesis; that inequality contributes to unsustainability. In the case of 

poorly governed nations in the Third World, this manifests through corruption, unsustainable 

use of natural resources, and, indirectly, through comparatively high birth rates, in turn 

contributed to by mechanisms including poor education, the low status of women, poor health 

care, microbially polluted water, high infant mortality rates, limited contraceptive availability, 

and so on. 

In turn, many corrupt, undemocratic governments in the Third World have been 

actively supported by more powerful Western (including Soviet) governments, while at the 

same time some others have been actively sabotaged by Western powers, particularly if 

perceived to be too nationalistic or too far to the left.98 These issues are returned to in chapter 

five. 

Demography, “network closure”, funding and bias 

According to Simon, the "population establishment" is biased towards neo-

Malthusianism (McNicoll, 1994).99 Simon also alleged that the reason for this “deep 

compromise” is its funding.100 In an essay replete with paradox and suggestion, McNicoll 

appears to give credence to at least some of Simon’s claims. For example, by analysing the 

profession in terms of “network closure”, he appears to support Simon’s contention that a 

form of “herd mentality” may exist among demographers.101 McNicoll then contrasts two 

forces that impinge on demography: “revisionist” economists (that is neoliberals), whose 

influence depresses the importance of family planning, and environmentalists, whose work 

encourages it. Intriguingly, he comments: 

“The substitution of an environmental for an economic rationale would probably 

have harmed the population field’s political and financial base [because] the 

environment has wide public appeal but the money is in development”. He 

continues, “the most solid support for population-limitation by first world 

governments … even during the Reagan administration … has neither origin: it 

                                                 
98 The best-documented examples are Patrick Lumumba from the Congo (Black, 2001; Hochschild, 1998; 
Stroobants, 2001), and Presidents Sukarno, Allende and Castro, in Indonesia (Lardner, 2001; Risen, 2001), 
Chile (Bhagwati, 2000; Mead, 2001), and Cuba respectively. 
99 Perhaps this was the case in the decades before Simon became influential; it seems less obvious of late. 
100 This may well have been true in the period 1960-1980, the heyday of US concern about population growth 
in the Third World. 
101 Such a phenomenon is undoubtedly not unique to demography. 



Chapter three: Demography, carrying capacity and sustainability  

   

149 

derives instead from the threat, clearly perceived but rarely expressed, that rapid 

population growth poses to the stability of the international system and in 

particular to the security and well-being of the affluent, low-fertility countries... 

That is very old thinking” (McNicoll, 1994) (emphases added). 

In fact, there is little difference between this view, a version of a pathway to global 

civilisation failure, and that of the neo-Malthusian viewpoint expressed by many 

environmentalists. It is unclear to whom McNicoll is attributing this view, but clearly it is not 

intended to be environmentalists. McNicoll’s argument that financial factors drive 

demography towards a “revisionist” stance is also intriguing.  

A tension arises from McNicoll’s implication that demography is a kind of sail, 

easily blown by ideological and funding winds. This supports Greenberg’s thesis 

(Greenberg, 2001) that the major directions pursued by science have been too readily 

influenced by funding concerns, rather than by importance (Sarewitz, 2001). Can it be 

coincidence that economics and demography have adopted, in general, their neutral, or anti-

Malthusian position at a time when the dominant political and economic direction set by the 

US has adopted a position far more sympathetic to the anti-Malthusian position than in 

previous decades? 

Ideally, all science should be concerned with uncovering the truth, even given that 

all positions, including in science, are relative (Popper, 1986). Demography, especially if a 

field of science concerned with assessing the optimum global human population should, as 

far as possible, be primarily influenced by rigorous evidence, given the great significance 

of this question for global civilisation. If, indeed, powerful funding forces have steered 

demography’s focus away from this issue, then might not inequality be partially 

responsible?102 

 

 

 

 

                                                 
102 Again, as with the analysis of Indonesian logging practices in chapter one, it is insufficient to simply 
attribute this to power; it is relative power that is important, or in other words, inequality. In this example the 
comparatively powerless are not Sumatran tribes people but an academic profession. This analysis also 
applies to many other fields of science. 
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Ester Boserup 

A discussion of carrying capacity, demography and the “demand hypothesis” of 

human numbers cannot omit the work of Ester Boserup. Boserup has argued that in certain 

circumstances increased human populations can increase the local carrying capacity, by 

mechanisms such as the transition to agriculture, by adopting intensive farming techniques and 

by providing better infrastructure, especially of transport (Boserup, 1976; 1981; Clark, 1981). 

According to the demographer John Caldwell, Boserup’s 1965 work The conditions of 

agricultural growth, is “often taken to be a theory that dispenses with the need for the 

principle of population. Indeed, the author herself took this view” (Caldwell, 1998). Other 

commentators disagree with this, at least in reference to her later work. Ruttan writes: 

‘Boserup’s work presents a direct challenge both to those analysts who have 

attempted to understand the relationship between resource endowments and 

population growth in neo-Malthusian terms and to those who view population as 

the “ultimate resource”’ (Ruttan, 1990). 

In the same review, he writes that Boserup “does not support” the view that 

“population growth automatically generates the technology needed to sustain per capita food 

production levels” (Ruttan, 1990). Other writers have also criticised some of Boserup’s claims 

(McMichael, 2001a: 379). 

Boserup describes many examples where the sustained extraction of resources useful 

for human purposes is increased through the intelligent application of resources, including 

labour. The question is: can this process be continued indefinitely?103  

This view would certainly be viewed as unrealistic by neo-Malthusians, who point out 

that the capacity for further human appropriation of the biosphere, fresh water (Postel et al., 

1996), pollution sinks, the ecological footprint (Rees, 1996; Wackernagel and Rees, 1995) and 

even the products of photosynthesis (Field, 2001; Rojstaczer et al., 2001; Vitousek et al., 

1986) are limited, making further doublings of the human population appear unlikely, unless 

                                                 
103 The science fiction writer, Broderick (1997), postulates that computer, gene and nanotechnology will 
produce, at the latest by 2050, a “spike” or “technological singularity” which will transform human history 
(Eckersley, 2001). Snooks (1996) makes similar predictions. These prophecies are variants of Simonian 
concepts. 
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dramatic – currently unforeseeable – technological104 and agricultural improvements are 

rapidly developed (Daily et al., 1994; Daly, 1996; Sanders, 2001; Vitousek et al., 1997b).105 A 

more rational policy would be to reduce “environmental brinkmanship” using existing and 

nascent technologies and strategies, and at the same time continue to promote research into 

technologies and strategies which may accelerate the technological “spike” forecast as 

salvation by novelists and techno-optimists.106  

Neo-Malthusians, cornucopians and contrarians: the wider debate 

The Cornucopian enchantment 

The influence of Simon, Kahn and other cornucopians appears evident in the African 

Academy of Science statement, made at the New Delhi “Science Summit” on population in 

1993. This stated: 

“Whether or not the Earth is finite will depend on the extent to which science and 

technology is able to transform the resources available for humanity. There is only 

one earth - yes, but the potential for transforming it is not necessarily finite" 

(African Academy of Sciences, 1994; Nandan, 1993) (emphasis added). 

Unlike its peers, the African Academy declined to sign the consensus statement,107 

warning of global overpopulation issued at this conference. Instead, it argued that Africa was 

underpopulated and that more people were required to develop Africa’s natural resources.108 

                                                 
104 The eminent writer, scientist and visionary, Sir Arthur C Clarke, confesses an increasing belief in both 
“cold fusion” and other forms of “ anomalous energy production” which he thinks may revolutionise energy 
production, solving the problem of global warming. He predicted such systems might enter large-scale 
industrial application “around the turn of the century” (Clarke, 1998).  
105 Though a technological revolution is occurring, there is as yet insufficient evidence that its rate will be 
sufficient to obviate the risks discussed in this thesis. Governments in high-income countries, by following 
policies which greatly restrict immigration, appear far less confident of technological rescue, even in their 
comparatively well-off circumstances, than do the cornucopians. Many low-income countries, though 
accepting much larger influxes of refugees, remain chronically food-insecure. For populations in such 
countries, the possibility of rescue by a “technological singularity” seems not only fantastic, but also an 
obfuscation of alternative, though less politically palatable pathways, such as a genuine reduction in tariff 
barriers to agricultural exports from low-income countries, debt relief, and targeted foreign aid.  
106 The recently deceased astronomer Sir Fred Hoyle also warned of technological discontinuities, in the form 
of periodic episodes of “organizational overload” perhaps starting in the 23rd century, when the population 
had reached 25 billion. Demeny categorises Hoyle as a “qualified technological optimist” (Demeny, 1988). 
107 Six African national academies did sign, including Ghana, Kenya, Nigeria and Uganda (Cohen, 1995a: 
375). 
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This statement, if taken literally, may properly be described as not just evidence of 

Cornucopianism, but of the “Cornucopian enchantment”, an unwarranted concentrate of 

exuberance that the original cornucopians did not intend.109 Even Herman Kahn was careful to 

express some caution. He distinguished four positions regarding this debate: 'convinced neo-

Malthusian', 'guarded pessimism', 'guarded optimism', and 'technology and growth enthusiast'. 

Kahn saw himself not in the last, but in the third category (Demeny, 1988). Simon also stated, 

at times, that humanity would have to work hard to fulfil its potential. 

It is seductive for both policy makers and, perhaps, the wider population to overlook 

these cautions, and instead justify a business as usual approach, especially if the feedback they 

receive110 is favourable. Although recent trends such as the growth of renewable energy and 

the gathering support for the Kyoto Protocol may herald a nascent sustainability transition, 

progress, both past and future, has not and will not occur automatically (Grubb, 2001). 

Analogous to the sanitary transition of late 19th century Britain (Szreter, 1999) the current 

transition is occurring because of the combined, cumulative effect of thousands of individuals 

and organisations, mostly working outside the formal sector of government and big 

business.111 

Explicit, credible evidence for the Cornucopian enchantment is not easy to find.112 

However, Lawrence Summers, Under-Secretary in the US treasury in the Clinton 

administration, exhibited some symptoms of intoxication, while still at the World Bank: 

“There are no...limits to the carrying capacity of the earth that are likely to bind any 

time in the foreseeable future. There isn't a risk of an apocalypse due to global 

warming or anything else. The idea that we should put limits on growth, because of 

                                                                                                                                                     
108 Recently, the World Bank's annual environmental review (“Environment Matters”) has warned that the 
combination of resource depletion and population growth places the sustainability of development at risk in a 
large number of the poorest countries. They found that the "genuine" savings rate - which factors a country's 
natural, human, and produced capital - is negative in nearly 30 countries, while wealth per capita has declined 
in another 20. They argue that this implies that the asset base underpinning development is being eroded in 
these countries, with consequences for social welfare now and in the future. Furthermore, the anticipated 
impacts of climate change may exacerbate civilisation failure in many of these nations (World Bank, 2001). 
109 Apart from Simon’s ridiculed statement, quoted previously, that “we now have … the technology to feed, 
clothe and supply energy to an ever-growing population for the next seven billion years”. 
110 For example as salaries, publications, status and respect. 
111 Some major corporations, including parts of the reinsurance and oil industries are now leading participants 
in this movement. Though in the vanguard of corporate transition, these companies only adopted their current 
position as a result of examining evidence presented by lobby groups. 



Chapter three: Demography, carrying capacity and sustainability  

   

153 

some natural limit, is a profound error and one that, were it ever to prove 

influential, would have staggering social costs” (George and Sabelli, 1994: 109) 

(emphasis added). 

In contrast, the archaeologist Brian Fagan has predicted that 

“archaeologists of the future may find this belief in infinitely bountiful technology 

as quaint and as touching as a magical belief in divine kings” (Fagan, 1999: xvii). 

Cassandra’s fate - ignoring the warnings of Science 

In Greek mythology, Cassandra was granted the gift of prophecy, but cursed so that 

her warnings would not be heeded. Of concern is the separation between the African 

Academy’s faith in “science and technology” to “escape natural limits” and the views of the 

world’s leading scientists – expressed almost contemporaneously – whose work will be vital if 

this is to occur. The question is: is this an isolated case, or does it reflect a more general 

phenomenon?113 

The year prior to the Academy’s statement saw release of the first World scientists’ 

warning to humanity (Kendall et al., 1995); and a similar document, called Population growth, 

resource consumption and a sustainable world jointly released by the US National Academy 

of Sciences, and The Royal Society (Atiyah and Press, 1992).114 This statement warned that if 

population growth continues and patterns of human activity remain unchanged then: 

“science and technology may not be able to prevent either irreversible degradation 

of the environment or continued poverty for much of the world...The future of our 

planet is in the balance… Sustainable development can be achieved, but only if 

irreversible degradation of the environment can be halted in time. The next 30 years 

may be crucial" (emphasis added). 

                                                                                                                                                     
112 But is suggested by some elements of popular culture. For example, a 1998 issue of the magazine Business 
Week (31.8.98) entitled “You ain't seen anything yet: The 21st century economy. The big picture. A rising 
tide. We are now starting the century of biology” forecasts an entirely rosy future. 
113 Beresord et al., (2001) reviewing the history of land clearing in Western Australia, describe how scientific 
warning of the risk to soil degradation, especially because of salinity, were repeatedly ignored by a more 
powerful development lobby, including in business. 
114 Similar warnings have also been issued by ecologists (Bazzaz et al., 1997), the UNEP (Clarke, 1999b) and 
economists (AtKisson, 1999: 127). 
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Reminiscent of Cassandra’s warnings, both statements have been largely ignored.115 In 

addition to neglect, many authors have documented the manipulation of public opinion 

regarding both the local and global environments, away from such concerns, by organised 

public relations campaigns. A common tactic in such strategies is the co-option of 

conservative scientists holding minority opinions, frequently funded by industries, 

corporations and lobby groups who stand to profit from the status quo (Athanasiou, 1998; 

Beder, 1998; Dormandy, 2000; Edwards, 1997a; 1998; Gelbspan, 1998; Karliner, 1997; 

Rowell, 1996; Stauber and Rumpton, 1995). Other writers argue that the manipulation of 

public opinion concerning the environment is a subset of wider, systematic attempts to control 

thought by populations seeking to attain even greater power (Carey and Lohrey, 1997; 

Chomsky, 1991; Knorr, 1973: 6-9; Orwell, 1984; Pilger, 1992; 1998). 

The number of climate change “contrarians” (Daly, 1989; Gardner, 1998; Holden, 

1998; Lashof, 2000; Masood, 1996; Singer, 1996) is falling. Earlier scepticism about the 

reality of stratospheric ozone depletion (Dotto and Schiff, 1978; Gelbspan, 1998) has also 

vanished. But stratospheric ozone depletion and climate change are only two aspects of global 

environmental change that may have profound impacts on human health, and, ultimately on 

the sustainability of civilisation. I am unaware of any living116 authors who currently dispute 

all, or even most, aspects of the global population-environment resource crisis foreseen by 

many of the neo-Malthusian authors cited above. 

Vigorous discussion of neo-Malthusian arguments is no longer part of the common 

discourse of most societies. This has been attributed to denial (King and Elliott, 1997)117 and 

US government conspiracy (King, 1999a). Another factor is the barrier that exists between 

                                                 
115 Yet another appeal, signed by most living Nobel laureates, was released late in 2001. Interestingly, a few 
laureates declined to sign this because it did not specifically mention the need to curb human population 
(Kondro, 2001). 
116 Perhaps Julian Simon would have. Simon died in 1998. Bjørn Lomborg may also; his work is discussed in 
chapter seven. 
117 Brittain (2001) reviewing a recent book (States of denial) about denial in the context of human rights, 
written by Stanley Cohen (Cohen, 2001), finds that the author suggests denial is normal and that the 
“Oxfam/Amnesty” view in which people are asked to speak out is the exception. Cohen is reported as 
suggesting that “more troubling information” be more available to the public to reduce denial. Literacy and 
revolutionary literature were undoubtedly important factors in the widening of the franchise in western 
democracies and the later decolonisation process. Beder and others argue that suppression and manipulation 
of troubling information is an important factor in the contemporary management of public concern regarding 
the environment. King has called the refusal of demographers and economists to discuss demographic 
entrapment, especially in the US, evidence of the “Hardinian taboo” (King and Elliott, 1997; King, 2001c; 
2001d). He also has alleged that the US Department of State is “policing” the population policy “lockstep” 
(King, 1999a). 
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many scientific disciplines, especially the physical sciences, largely concerned with nature, 

and the social sciences,118 mostly concerned with aspects of the study of humans (Geertz, 

2001; Wilson, 1998: 197-228). Although the number of genuinely interdisciplinary studies 

relevant to this debate is increasing (Costanza et al., 2000)119 extra-disciplinary concepts and 

work may be unlikely to receive the credit they deserve, because of scientific territoriality and 

a fundamental ignorance of other disciplines. However, this gap did not prevent far more 

sympathy, credence towards, and insight into the neo-Malthusian position in the early post 

WWII decades. The increase in global inequality in recent decades also helps to explain this 

change in public discourse. 

Economics and technological optimism 

The discipline of economics has, at least recently, been especially poor at seriously 

considering the work of the physical sciences (Common 1995; Daly, 1996; Hamilton 1994, 

Wilson, 1998). This timidity is more marked than within demography, with one major 

difference. Unlike demography, economics has produced an increasingly influential dissident 

sub-group, that of ecological economics. 

The philosopher, Mark Sagoff (1995) cites several economists (Robert Solow, James 

Tobin and William Nordhaus) who argue that natural resources are irrelevant to the measured 

economy. Substitution, discussed earlier in this chapter, is highly regarded by these 

economists as a mechanism to escape dependency on the natural world. Sagoff also quotes, 

approvingly, Peter Drucker’s argument that the basic resource “is no longer capital, nor natural 

resources, nor labour. It is and will be knowledge” (italics in original). 

These arguments are similar to Cornucopianism. While there can be no doubt that 

knowledge has greatly magnified the capacity of humanity to transform its natural 

environment, how can knowledge alone create water, energy, fertile land, a stable climate and 

so on.120 Knowledge has much to do with the great success of humanity in increasing its 

                                                 
118 Wilson lists anthropology, sociology, economics and political science (Wilson, 1998: 197). Demography is 
also predominately a social science. 
119 An interesting and important recent example is the increasing interest and contribution by archaeology to 
the sustainable development debate (Hardesty et al., 2001). 
120 Of course, knowledge can add fertiliser, desalinate the sea, invent hydroponics, greenhouses and so on. But 
there is as yet no evidence that these technologies can be applied on a sufficient scale and with sufficient 
economy to adequately substitute for the environmental public goods that applied knowledge tries to replace. 
This deficiency does not automatically mean civilisation failure, but nor can we assume that “wealth for all” 
is around the corner. And if further depletion of wild fishstocks, unsalinated-land, groundwater and so on does 
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numbers and average living standards, especially in recent decades, but so too has the 

appropriation of an ever-increasing proportion of natural capital. Increasingly, natural capital 

is in short supply, and the material return, per capita, per unit of knowledge is unlikely to be as 

high in the future as in the recent past.121 Consider wild fish stocks, and the inability of 

knowledge alone to recreate them, even though applied knowledge, as aquaculture, may 

partially substitute for them. 

Both natural scientists, as a group, and ecological economists are far more sceptical of 

the capacity of substitution and market forces to ensure the sustainability of both civilisation 

and the natural world than are leading economists. This disjunction is of concern, given the 

great importance of economics to human welfare and public policy. 

Cornucopians, family planning, and foreign aid 

An important component of the sustainability transition is the demographic transition. 

This chapter has explored evidence that suggests that a small but influential number of 

cornucopian thinkers have had disproportionate influence, unwarranted by rigorous scientific 

evidence, upon global economic and demographic policy. In particular, cornucopian thinking, 

combined with increased faith in the ability of “free” markets to generate wealth and health, 

has probably helped to justify reductions in funding for both family planning and other forms 

of foreign aid in the Third World. In turn, I have suggested that demography, a scientific 

discipline with significant capacity to influence the dissemination and intellectual acceptability 

of cornucopian ideas, has been less vigorous in its critique of anti-Malthusianism than 

warranted by the evidence. 

Religious lobby groups have also been influential in the foreign aid debate. Though 

many such groups provide substantial private aid, their influence upon government-provided 

aid appears to have been more equivocal. The influence of both the Catholic Church (Finkle 

                                                                                                                                                     
continue, and the population in poor countries continues for long to increase at its current level of almost 77 
million per annum (UNFPA, 2001) then likely consequences include increased environmental refugees, 
famine, disgruntlement, conflict, and – plausibly – terrorism (Rogers, 2001). 
121 An example is the speculative stockmarket boom that accompanied the popularisation of the internet. It is 
increasingly recognised that the claims of increased productivity associated with new technologies, including 
computers and the internet, have been overstated (Caulkin, 2001). Compare this breakthrough with earlier 
achievements such as the internal combustion engine and synthetic fertilisers, made when global population 
was so much smaller, with a correspondingly higher per-capita impact. 



Chapter three: Demography, carrying capacity and sustainability  

   

157 

and McIntosh, 1994)122 and of protestant-Christian fundamentalism (especially in the US) 

upon government-funded family planning policies (Cincotta and Crane, 2001) can be clearly 

traced. An Australian example is that of the  Catholic senator, Brian Harradine, who forced a 

temporary but substantial reduction in Australian family planning funding (O’Neill, 1993). 

The global reduction in foreign aid, independent of its family planning component, can 

also be plausibly argued as a cause of delayed demographic transition, as can trade barriers, 

imposed by wealthy populations that discriminate against exports by poor countries (see 

chapter five). 

 

Conclusion 

The major argument of this thesis is that the scale of global inequality places 

sustainability at risk, in part by delaying the demographic and sustainability transitions. The 

reversal of the mainstream US position from one sympathetic to demographic entrapment 

theory to one that denies its importance has been traced to the rise of neoliberal economic 

policies and an associated Cornucopian view concerning the risk of population growth and 

resource scarcity. Economically powerful populations, as a group, are likely to favour the 

maintenance or increase in global economic inequality, and to also favour the cornucopian 

view, in part because this reduces any obligation to provide foreign aid or specific family 

planning assistance. 

 Academic arguments and disciplines that discount or deny the risk and reality of 

Malthusian scenarios are not immune from factors, albeit subtle,123 that emanate from actors 

likely to benefit from increased economic inequality. The imbalance of economic and political 

power between populations is delaying the global demographic transition, and hence is an 

important contributing cause to current and future threats to sustainability. 

                                                 
122 In 1950, WHO’s proposal to create an expert committee on the “health aspects of population dynamics” 
was thwarted by fierce opposition from the Vatican (Finkle and McIntosh, 1994: 9). 
123 Such as funding patterns and promotion opportunities, that then feedback to successive generations 
through curricula and prescribed reading. 
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Chapter four: Critical global environmental change 

Abstract 

This chapter presents four propositions that link global inequality, the environment 

and threats to the sustainability of global civilisation. 

 

• “Critical” global environmental change is the point beyond which 

irreversible damage to global civilisation is increasingly likely, via a 

path of increased scarcity, both real and perceived, and consequent 

conflict. 

• The approach to this point constitutes “environmental brinkmanship”, 

and can be likened to nuclear brinkmanship. 

• The degree of global environmental change can be quantified. 

• The poor are at greatest risk from adverse environmental change. 

 

Adverse environmental scenarios to which the powerful give credence are perceived 

as a tolerable price for global technological and social advance. The risk that critical global 

environmental change may harm the global middle class, or even the elite has been 

excessively discounted. 
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Introduction 

The final chapter in this section discusses two more key concepts, that of “critical 

environmental change” and “environmental brinkmanship”. These provide a conceptual 

framework to explain how global environmental change may cause global civilisation failure, 

and thus cripple population health. Brinkmanship has been defined as “seeking advantage by 

creating the impression that one is willing and able to push a highly dangerous situation to the 

limit rather than concede” (Andrews, 1995). Environmental brinkmanship is likened to nuclear 

brinkmanship, acting over a longer timescale. It is a gradual, progressive undermining of the 

environmental public goods which civilisation relies on, including for food security. It is 

argued that powerful populations are prepared to countenance environmental brinkmanship 

not only because of their faith in the free market, but also because of a perceived insurance 

policy provided by their power, income and affluence. Again, therefore, global inequality 

provides a unifying mechanism to explain how environmental brinkmanship, and hence the 

erosion of sustainability, occurs. 

Proposition one: "Critical" global environmental change 

“Dangerous” climate change 

The concept of “dangerous” environmental change has been explicitly recognised in 

regard to climate change (Parry et al., 1996; Reilly, 1994; Schneider, 2001c, Pimm et al, 

2001).1 In 1992, at UNCED, the UN Framework Convention on Climate Change committed 

the nations of the world to avoid 'dangerous anthropogenic interference with the climate 

system'. Article 2 of that convention stated that climate change-related impacts on world food 

supply should be a key area in assessing whether dangerous anthropogenic interference with 

the climate system had occurred. It is increasingly likely that, by this definition, “dangerous” 

climate change is inevitable (Fischer et al., 2001; Parry et al., 1999). Human actions continue, 

collectively, to erode the buffer that separates the climate from a threshold beyond which lies 

irreversible harm. 
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Consistent with the anthropocentric bias discussed in the opening chapter, I propose 

that “critical” global environmental change be defined in relation to the safety of global human 

civilisation.2 For example, critical anthropogenic global climate change can be defined as 

alteration of the Earth’s climate on a sufficient magnitude and spatial scale to endanger global 

civilisation (as defined at the start of this chapter). This may occur through a combination of 

extreme weather events, marked sea level rise, widespread insurance failures, regional food 

insecurity, environmentally related economic crises, and – ultimately – conflict between 

powerful states. Other dangerous and critical elements of global environmental change also 

exist. 

“Dangerous” stratospheric ozone depletion and ecosystem service decline 

The concept of dangerous stratospheric ozone depletion (SOD), though not expressed 

in these terms, was implicitly recognised by the negotiators who framed and signed the 

stratospheric ozone layer (SOL) protection treaties (see chapter one). Analogous to climate 

change, the risk from human actions to the SOL was originally unsuspected, then theoretically 

recognised and then unequivocally detected. 

Ecosystem services decline has been very variable, both spatially and temporally. In 

high-income countries, many ecosystems, such as forests and rivers, are now in better 

“health”3 than a century ago, illustrative of the environmental Kuznets curve4 (Gangadharan 

and Valenzuela, 2001; Magnani, 2000; Torras and Boyce, 1998). Globally, however, there is 

                                                                                                                                                     
1 This concept is also implicitly recognised by Redman, who writes: “The subject (of human impact on the 
ancient environment) ... has direct relevance to the survival of modern society” (Redman, 1999: 6). 
2 Parry et al (1996) suggest the term “critical” should be used as a synonym for “dangerous” with respect to 
climate change, and define this as “that beyond which further change would have a significant effect on 
ecosystems or socio-economic systems”. Like all definitions, this is problematic. How should a “significant” 
effect be determined? More recently, Parry et al (2001) have defined critical impacts as “ones that should be 
avoided at any reasonable cost”. 
3 Some aspects of this recently defined concept remain controversial (Calow, 2000; Rapport et al., 2000). I 
primarily use it here with an anthropocentric bias: healthy ecosystems are those able to provide abundant 
ecosystem services of value to human society (Calow, 2000). Furthermore, quantitative increases in indicators 
such as forest size or wetland area do not necessarily mean qualitative improvements (Kaiser, 2001a; 
Malakoff, 1998). 
4 At a global level the EKC  theory is particularly unconvincing. Even if global development eventually 
reduces the average per capita ecological footprint, without a commensurate decline in living standards, 
inertial effects and interactions affecting both global public goods and human societies mean that civilisation 
failure could still occur. The EKC also risks misinterpretation as a natural “law” by interests who can argue 
that it implies that the solution to pollution is more development. In fact, to the extent that the EKC principle 
is valid, it seems largely to be a function of increased effective demand for reduced pollution by wealthier but 
still pollution-exposed populations, who then successfully lobby, often facing considerable resistance, for 
environmental improvements. 
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broad agreement that both ecosytem health and ecosystem services continue to suffer 

(Costanza et al., 2000), using a variety of indicators. 

The “Millennium Assessment” an effort to estimate the remaining stock of ecosystems 

and biodiversity (Kaiser, 1998b; 2000c; Masood, 2000b), suggests that a critical mass of 

scientific and political concern has been reached, enabling the identification of declining 

global ecosystem services as a major problem. The debate may then move to what constitutes 

a “dangerous” level of ecosystem services decline. 

Chapter seven discusses further evidence for dangerous and critical levels of several 

components of global environmental change. 

Environmental brinkmanship, conflict and civilisation failure 

Civilisation survives in a world that is advancing towards several, imprecise, poorly 

conceptualised “dangerous” threshold points of environmental change. Synergisms may occur 

between the different elements, which could accelerate the rate of change, possibly resulting in 

a future rapid progression towards or even beyond “critical” global environmental change. 

This process, interacting with an unequal, heavily armed and increasingly desperate human 

population, can justifiably be considered “environmental brinkmanship”, analogous to nuclear 

brinkmanship. At the worst case, it implies a substantial risk not just to global public health, 

but also to the survival of civilisation, probably through a final common pathway of widening 

conflict. 

The causation of conflict at different scales is complex and contentious,5 but three 

factors are especially important: (i) the drive to maximise or retain economic security,6 (ii) 

motivation, and (iii) opportunity. Some add a fourth – “ideology” (Barrie, 2000).7 But, 

generally ideological wars can also be analysed as struggles to attain or maintain economic 

security.8 

                                                 
5 For example, Barnett (2001) argues that that there are “long-standing difficulties in finding meaningful 
evidence of the determinants of violent conflict and war”, before listing putative causes, such “major powers 
are more likely than other countries to be involved in war” that I would describe as proximal in comparison to 
the factors subsequently discussed. 
6 By this I mean physical, material security, enabling the maintenance or improvement of living standards for 
a population’s foreseeable future. 
7 A proximal cause of many wars is probably miscalculation by one side. 
8 The Cold War, though ideological, was also motivated by a struggle between the two superpowers over the 
global control of resources, and by competition over the economic mechanism to develop them. 
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The causation of conflict: resource scarcity and the quest for economic security 

The lure of resources is an ancient driver of war and conquest (Snooks, 1996; Homer-

Dixon and Blitt, 1999b). The 19th century military writer Karl von Clausewitz placed war on a 

continuum with politics, another means to attain, maintain or increase economic security 

(Gleick, 1991).9 This view is also modern (World Commission on Environment and 

Development, 1987: 290).10 Deudney (1991), though pointing out that not all episodes of real 

or perceived resource scarcity result in conflict, wrote: 

"Hitler…fashioned Nazi war aims to achieve resource autonomy. Lacking 

indigenous fuel and minerals, and faced with a tightening embargo11 by the Western 

colonial powers in Asia, the Japanese invaded Southeast Asia for oil, tin, and 

rubber. Although the United States had a richer resource base than the Axis powers, 

fears of shortages and industrial strangulation played a central role in US strategic 

thinking. During the Cold War, the presence of natural resources in the Third 

World helped stimulate East-West conflict in this vast area". 

The recent conflicts in central Africa and Asia12 also illustrate the complex causation 

of war, including resource scarcity (see chapter three). The perception of scarcity may be as 

important as genuine scarcity. Just as it is irrational for a weak party to launch an overt attack 

upon a stronger party, it may be rational for a strong party to attack before scarcity has 

significantly reduced its strength. The perceived threat may be to future security, such as the 

1991 Persian Gulf War US involvement in the Vietnam War can also be analysed this way.13 

                                                 
9 von Clausewitz’s aphorism is sometimes translated as “war is politics by other means”. Bassford (1998) 
argues that a better translation is that war is a “dynamic, inherently unstable interaction of the forces of 
violent emotion, chance, and rational calculation”. I argue that the wish to secure or to preserve resources is a 
major element in this “rational calculation”. According to Kaplan (1994) the military historian Martin van 
Creveld argues that fighting is often an end, rather than a means. However, Kaplan quotes van Creveld as 
writing “In all these struggles political, social, economic, and religious motives were hopelessly entangled. 
10 John von Neumann, “saw the success of the industrial revolution as tied to the existence of the safety valve 
represented by an expanding geographical and political Lebensraum, and argued that the intersection of 
technology, geography, and political organization now sharply inhibits this safety mechanism. He wrote 
'Literally and figuratively we are running out of room'” (von Neumann, 1986; Demeny, 1988).  
11 Deudney’s argument is circular – until the war started, there was no embargo against Japan, which 
previously enjoyed an excellent multi-source supply of resources, through international trade. 
12 The persistent conflict and tension between India and Pakistan has centred on Kashmir. It is impossible to 
distinguish the desire to control and profit from the resources of this state from other factors, such as the 
predominantly Moslem population of this state in Hindu-dominated India. Conflict between India and China 
has also involved disputed territories.  
13 A pre-emptive strike to stop the alleged “domino effect”, which if unchecked, was feared to compromise 
future resource access, for example oil and rubber from Malaysia and Indonesia. 
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The causation of conflict: motivation and opportunity 

Excessive inequality sows the seeds of resentment and future conflict, but overt 

conflict is unlikely to occur until inequality is reduced (Hurrell, 1999), because it is irrational 

for a weaker population to revolt or invade with no chance of victory.14 The dilemma for the 

powerful actor, though rarely admitted, is to choose between the maintenance of, or even 

increase in, inequality, or its reduction. The former strategy increases the motivation for 

eventual uprising, while the latter may increase the risk of an uprising’s success. The former 

course risks not only increased resentment but also reduced social cohesion and economic 

productivity. 

Environmental change and future conflict 

Essentially, global environmental change threatens security because it is likely to 

change, or be perceived to change, the distribution and perhaps absolute scale of resources. 

Even if total resources remain unchanged, a changed distribution may still provoke conflict, 

especially if the comparatively disadvantaged populations are militarily powerful. Jon Barnett 

criticises much of the discussion of environmental change and conflict as really being about 

resources and conflict (Barnett 2001: 7); but this distinction is artificial; environmental 

changes threaten resources, and this threatens conflict. 

According to Barnett (2001), the first writer to consciously link environmental change 

and security was Richard Falk in 1971 (Falk, 1971). Barnett argues that the main motivation 

for expanding the security dialogue to include environmental change is to put additional 

pressure on policy makers: to “elevate environmental problems from the level of ‘low politics’ 

to ‘high politics’ (a process he calls “securitisation”).  

Though arguing that this strategy has largely failed, Barnett is still attracted to it: 

“the result has not been trade-offs in military security for environmental security, or 

increased resources and energy devoted to enhancing environmental security” 

Barnett (2001: 11). … “Security communicates a certain gravitas that is arguably 

necessary in climate change policy. [Identifying] climate change as a security 

                                                 
14 According to a reviewer (Ikenberry, 2001), Dale Copeland, author of The origins of major wars Copeland 
(2000), argues that great power wars tend to be preventive actions initiated by leading states fearful of 
decline. In such cases, the stronger party acts to maintain the inequality that gives it advantage. 
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problem … suggests that it is an issue that warrants a policy response 

commensurate in effort if not in kind with war” Barnett (2001: 12). 

There are several reasons, unidentified by Barnett that help to explain the failure of 

securitisation to significantly accelerate the global attitudinal transition (see chapter two). 

These are that the scale of the risks is minimised, both deliberately and unwittingly15 by 

powerful segments of the population, who perceive not only that their own short-term self 

interests are served by maintaining, or even increasing any such risk, but also that even in 

worst case scenarios their own security is assured.16 

Secondly, the threat to global economic prosperity, or to security, and perhaps even 

civilisation survival, remains vague – and therefore unconvincing - even among 

environmentalists (Butler, 2001a).17 This is so even though elite scientists have consistently 

argued that climate change, especially, can threaten civilisation. For example, Barrett 

discusses a conference held in Toronto in 1988 called The changing atmosphere: implications 

for global security.18 This concluded, "humanity is conducting an unintended, uncontrolled, 

globally pervasive experiment whose ultimate consequences could be second only to a global 

nuclear war”. The gravity of this warning has since been echoed by others, including The 

world scientists’ warning to humanity (Union of Concerned Scientists, 1997), yet the general 

public remain remarkably unconcerned. Even Barnett calls the nuclear war analogy as 

“perhaps overstated”.19  

In an attempt to reduce this deficiency, the next section of this chapter examines 

several ways in which global environmental change may interact with resource scarcity, in 

turn increasing the risk of conflict. It will focus upon security of food, water and oil. 

                                                 
15 This is unwitting to the extent that such policy makers share a culture and absorb a worldview that does not 
acknowledge the risks of adverse global environmental change. 
16 I have described this as the Titanic approach to environmental brinkmanship (Butler, 2000b). 
17 Doubt is also increased by the inevitable uncertainty about specific pathways. On the other hand, a 
disregard for danger is itself extremely dangerous, and even though specifics will always be uncertain policy 
makers can still assess risk by using theory and principles.  
18 According to Barnett the first international meeting of scientists and national policymakers to highlight the 
dangers of climate change. 
19 A degree of scepticism is, of course, healthy, and warranted if previous exaggerated warnings are perceived 
as harming the cause by crying wolf (though in Aesop’s fable the shepherd’s warning eventually proved true). 
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Global environmental change and food security 

Many interacting factors combine to threaten future food security, especially if the 

global population reaches its forecast peak of nine billion or more. Probably the three most 

important problems are sustaining a sufficient quantity of fertile soil, obtaining adequate 

water, and climate change.20 

Soil 

Soil degradation is estimated to have reduced global crop production by about 13% 

since 1950 (Wood et al., 2000b) and more than 80% of agricultural land is affected by at least 

one soil constraint.21 Reliable global time series data are unavailable, but it is likely that soil 

degradation is increasing (Pimentel, 2000, Matson et al., 1997).22 Most cropland is deficient in 

phosphate, and even the best phosphate-replete soil needs periodic phosphate replenishment. 

Yet concentrated phosphate supplies are limited (Abelson, 1999). Johnson (1999a) argues that 

the extent and significance of soil erosion has been exaggerated, but is silent about the many 

other forms of soil damage (Cassman, 1999).  

Little unused arable land currently exists in Asia,23 potential agricultural land in Latin 

America is not very fertile (Döös and Shaw, 1999; Ramankutty et al., submitted), and 

considerable tracts of apparently fertile land in Africa are effectively unusable because of 

African trypanosomiasis (sleeping sickness), which, after early hopes of control, remains an 

intractable problem (Barrett, 1999).24 

                                                 
20 Another important problem may be inadequate genetic diversity, perhaps from the marketing of genetically 
identical crops that prove to be unsuitable for changed conditions. Additionally, crop heterogeneity in small 
areas may have benefits that are not fully appreciated. For example, Zhu et al (2000) reported improved rice 
yields and greater disease resistance, in fields planted with different strains of rice, compared to control 
monocultured fields (Wolfe, 2000). Cassman (1999) discusses subtle changes in soil chemistry that appear to 
explain declines in intensively cropped experimental rice crops. Ruttan (1999) discusses interactions between 
soil, water, climate change, surprises and food security. 
21 Wood et al (2000b) list 13 forms of soil degradation, including acidity, alkalinity, salinity, sodicity, 
aluminium toxicity, potassium deficiency and decreased soil organic matter. 
22 Some forms of poor soil are “natural” such as the propensity for some recently deforested tropical areas to 
quickly lose its organic matter, while others are the result of human factors, such as inappropriate fertilisation, 
excessive irrigation and insufficient fallowing. Brown (2001b: 150-1) points that urbanisation has reduced the 
recycling of human waste to fields, increasing the dependency upon fertiliser. 
23 Some potentially arable, rain-fed forest areas exist in Asia, especially in China and Indonesia. Their 
conversion to agriculture is, however, problematic because of the lost ecosystem function of the existing 
forest (Fischer et al., 2001). Climate change may increase arable land in North Asia, including China (Parry et 
al., 1999; Fischer et al., 2001: 26; Ramankutty et al., submitted). A substantial part of the US agricultural area 
sown to soybeans could be double-cropped with winter wheat (Brown, 2001b: 154). 
24 This disease, spread by tsetse flies, has re-emerged because of the collapse of surveillance campaigns, in 
part because of conflict, the breakdown of health systems, and the uncontrolled migration of infected carriers. 
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Irrigated land, which produces up to 40% of the global harvest (Fischer et al., 2001; 

Wood et al., 2000b), is increasing by about 2% per annum, but in each year about 0.4% is lost 

to salinity, giving a net increase of about 1.6% (Wood et al., 2000b).25 The rate of increase of 

irrigated land is now slowing, as accessible water becomes more difficult to find (Döös and 

Shaw, 1999). 

Water 

Humanity is estimated to already use about a quarter of total terrestrial 

evapotranspiration and half of the geographically accessible runoff (Postel et al., 1996). The 

average annual per capita supply of renewable fresh water is estimated at about 7000 cubic 

metres. But large parts of the world have far lower supplies26 and the recent U.N.-sponsored 

World Water Forum predicted that by 2025 one third of the global population will experience 

a degree of water scarcity (Reuters, 2001). 

Increasingly, as accessible surface water is exploited, irrigation water is pumped from 

aquifers.27 This practice has become so widespread that it is estimated that aquifers are 

currently being overdrawn globally by 160 to 200 billion cubic metres of water per annum,28 

enough water to grow grain for over 500 million people (Postel, 1999).29 I am unaware of any 

comprehensive estimates of the remaining volume of global groundwater,30 though several 

comparatively under-exploited aquifers have been identified in parts of Asia and Africa 

(International Water Management Institute, 2001).31 There is consensus that important aquifers 

                                                                                                                                                     
Some of these elements suggest demographic entrapment (see chapter three). In addition, resistance to the 
limited range of medications for sleeping sickness, themselves often toxic, is increasing. 
25 Kendall and Pimentel (1994) claimed that the annual loss of farmland due to salinisation already exceeds 
the expansion of irrigation. They concluded that, if this damage continues, 30% of the world's presently 
irrigated acreage would be lost by 2025. 
26 The West Asia North Africa region currently has about 1500 cubic metres per capita, a level predicted to 
fall to 700 cubic metres per person by 2025. Already, Jordan has only 200 cubic metres per capita (El-
Beltagy, 2000) 
27 This technology, of comparatively recent origin, vividly illustrates how carrying capacity has been 
increased by human ingenuity. 
28 That is, global ground water supplies are being depleted by this amount. Because many aquifers are 
partially replenished each year the total withdrawal of ground water must be far higher. Consistent with this 
conclusion is the estimate that aquifer withdrawal (or strictly, overdrawal) is adding noticeably to global sea 
level rise (Sahagian et al., 1994). 
29 It takes about 1000 tons (or 1000 m3) of water to grow a ton of grain. The average annual grain 
consumption is over 300 kgs per annum (see figure 4.1). 
30 Postel (1999) provides some data, for example that the Saudi Arabian aquifer approximates 2000 billion 
cubic metres while the main aquifer in the US (the Ogallala) originally held about 3700 billion cubic metres. 
31 These are reported to exist in the Ganga-Meghana-Brahmaputra basin in South Asia, and areas of Vietnam, 
Laos, South China, Africa and Saudi Arabia. At least one of these aquifers (the former) is seriously affected 
by naturally occurring arsenic contamination (MacDonald, 2001). Arsenic has also entered the food chain via 
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beneath north China and north India are particularly stressed (Brown, 2000d; Brown and 

Halweil, 1998; Postel, 1999; Postel and Wolf, 2000).32 The implications of this for the global 

grain market, and hence food security especially for unentitled populations (Sen, 1981; 1993) 

are discussed below. 

Climate change, food security and economics 

Rising concentrations of greenhouse gases and consequent climate change, though 

benefiting crop growth through a CO2 fertilisation effect,33 reduced frosts and – probably – by 

making agriculture feasible in areas that are currently too cold or dry, also threaten global food 

security in several ways.34 These include sea level rise, saltwater intrusion into coastal 

aquifers, more violent storms, perhaps including at harvest time, the intensification of droughts 

and floods, and changes in the distribution of rainfall (Arnell, 1999).35 

Heat stress on flowering grains, as a result of climate change, is of particular concern, 

and is a major factor for the predicted decline in agricultural productivity in tropical and 

possibly sub-tropical regions.36 John Sheehy, a crop ecologist at the International Rice 

Research Institute (IRRI), has warned that many food crops grown in the tropics are already at 

or near their thermal limits.37 Sheehy reports that heat damage has already been seen in 

Cambodia and India (Kirby, 2001b; Sheehy, 2001a; 2001b). 

Many writers have attempted to forecast the impact of global change on future food 

security, at both global and regional scales (Daily and Ehrlich, 1990; Döös, 1994; Döös and 

Shaw, 1999; Dyson, 1994; 1996; 1999a; 1999b; Fischer et al., 2001; Johnson, 1999a; Kendall 

and Pimentel, 1994; Parry and Rosenzweig, 1993; Parry et al., 1997; 1999; Postel, 1998; 

Postel et al., 1996; Prosterman et al., 1996; Smit and Yunlong, 1996; Rosenzweig and Hillel, 

                                                                                                                                                     
grain irrigated by contaminated water (Hossain, 2002). Some aquifers in India are contaminated by excessive 
fluoride (Brown and Halweil, 1998). 
32 The Ogallala aquifer is also overdrawn (Postel, 1999). However, most US grain is dependent on rain rather 
than irrigation. Therefore further depletion of this aquifer is unlikely to have significant implications for the 
global grain market. 
33 The increased yield, consequent to an increase in CO2 concentration from 280 to 360 ppm could be as high 
as 7.5%, but Moore (1998) points out that this estimate is confounded by many other factors, and difficult to 
test from historical studies. 
34 Genetic engineering may also offer substantially improve food security, for example by allowing crops to 
better cope with poor soils including salinity, water scarcity, diseases, pests, (Somerville and Briscow, 2001) 
and hotter temperatures (Sheehy, 2001a). Though hopeful this “gene revolution” is still nascent. 
35 One study of the impact of climate change in the Congo concludes that heavier rains in the dry season will 
adversely affect food security by making land clearing in the dry season (by burning) more difficult (Wilkie et 
al., 1999). 
36 Yields could fall by 50% if air temperatures rise to 37 °C while the plants are flowering (Sheehy, 2001a). 



Chapter four: Critical global environmental change  

169 

1998; Wilkie et al., 1999). Most have concluded, albeit cautiously, that global food production 

should keep pace with global population growth, at least until 2025.38 

However, all scenarios that have looked at the global situation39 predict geographically 

unequal effects on food production because of climate change. Further, few studies look past 

2025, and very few, if any, studies have examined the more extreme climate change scenarios 

forecast by the 2001 IPCC assessment. A recent analysis by the International Institute for 

Applied Systems Analysis (IIASA) suggests that up to 40 of the world’s poorest nations – 

mostly in tropical regions - are likely to suffer food production losses of more than 20% 

(Fischer et al., 2001) (see appendix one). Other studies also predict that South Asia and large 

parts of Africa will experience deteriorating harvests by the second half of this century (Parry 

et al., 1999; Wilkie et al., 1999). 

This predicted shift in global agricultural productivity has, so far, attracted little 

attention. What social, economic, political and infrastructural adjustments are likely to be 

necessary if total global agricultural potential remains roughly constant (despite the above 

caveats), while regional agricultural potential alters significantly? That is to say, how will 

society adapt if South Asia, Indonesia and sub-Saharan Africa increase their food import 

dependency while north Asia and Canada increase their food export potential?40 

Global grain markets, China, water, and India 

According to Lester Brown, a World Bank study has recently estimated that water 

stress in the arid North China plain41 is reducing grain harvests by about 20% (Brown, 2001c); 

this shortfall is likely to increase as more North Chinese wells run dry.42 There is considerable 

evidence for increasing surface water stress in North China. For example, the Yellow River 

has failed to reach the sea for part of each year since 1985, and in 1997 did so for 226 days 

                                                                                                                                                     
37 Increased temperatures may also affect yields because of effects on crop diseases and pests (Fischer et al., 
2001: 22). 
38 King however argues that while there may be sufficient food, it is misleading to argue that food growth is 
likely to match that of population growth. 
39 The optimistic forecast by Johnson (1999a) is largely based on a single retrospective study of soil quality 
and grain yield in China and Indonesia. His paper ignores climate change, but does call for water to be 
properly priced. 
40 For example, consider the likely disruption to labour-intensive rice growing communities in southern India 
or Java, Indonesia, if rice yields decline substantially. Will these people be able to migrate internationally? If 
this migration is hindered, will sufficient labour and expertise be found in newly arable areas? What will 
happen to the infrastructure in depopulated areas? Should such areas attract substantial short-term investment? 
Can society cope with the presumed rapidity of changes that will be required? 
41 Which grows about 40% of China’s grain 
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(Brown and Halweil, 1998). Water riots occurred in 2000 in Shandong, an important Chinese 

grain-growing province, after authorities tried to repair a leaking reservoir.43 

In part because of this water shortage, and also because of economic factors that divert 

water from agriculture to far more profitable industrial uses44 it is increasingly likely that 

China will become a significant importer of grain (disguised water), in accordance with 

Brown’s prediction made some years ago in Who will feed China? (Brown, 1995). Both in that 

book and since (Brown and Halweil, 1998), Brown argued that while China would develop the 

economy to afford to import its food, its immense, still-growing population would place 

considerable and increasing upward pressure on grain prices, at the expense of comparatively 

unentitled, poor populations. 

Who will feed China? attracted considerable criticism and scepticism. For example, 

Dyson (1999a) called Brown’s forecast “sensational”, arguing instead that China's food 

outlook “offered no cause for alarm” and citing several authorities in support (Alexandratos, 

1995; Mitchell et al., 1997; and Crosson, 1996).45 Vaclav Smil, a prolific writer on both China 

and many aspects of global environmental change, called Brown’s book an “unbalanced 

account (that) ignores many other facts that do not fit into the author's preconceived message 

of tomorrow's China not being able to feed itself” (Smil, 1997).46 Lomborg (2001: 109) argues 

“up till now, Brown has been dramatically wrong on all his predictions concerning China”. 

However, recently, several writers have independently supported Brown’s core 

conclusion: that China is about to become an increasingly important importer of food (Yang 

and Zehnder, 2001; Wade et al., 2000). As well as pointing to the increased water stress in 

North China, these authors argue that it is economically sensible for China to import grain, 

because it is so much cheaper.47 

                                                                                                                                                     
42 According to Brown and Halweil (1998) a recent Chinese survey indicated that the water table beneath 
much of the North China Plain fell by an average of 1.5 meters per year for the previous five years.  
43 People depended on the leaks for their water. 
44 By almost two orders of magnitude. Brown (2000d) estimates that the same kiloton of water can be used to 
grow grain worth US$200 or industrial goods worth US$14000. China’s entry to the World Trade 
Organisation is also a factor (Gale et al., 2001). 
45 I have not studied these publications. However, both Ruttan (1996), and Döös and Shaw (1999) find aspects 
of the FAO study by Alexandratos excessively optimistic, though neither commentator discusses China 
specifically. 
46 However Smil (1997) accepts that one third of Chinese soil is affected by excessive erosion. 
47 There are plans to divert water from the moist south to the dry north of China. Brown and Halweil (1998) 
argue however that the potential volume (20 billion tons) is too little to change their broad conclusions, and 
too costly. 



Chapter four: Critical global environmental change  

171 

Because of their substantial manufacturing and technological base, food security in 

both China and India is not necessarily threatened even if both countries become major food 

importers (assuming sufficient exports grown in more climatically favoured countries exist). 

India, because its population is and is likely to remain predominately vegetarian may be more 

insulated from future adverse consequences than China. However, if either country cannot 

fulfil its industrial and exporting potential48 then it could find itself demographically 

entrapped. Internal political instability could increase the risk of civil and regional war, in a 

region with three nuclear powers and a history of repeated warfare in the last half-century. 

Negotiating the next agricultural transition 

Negotiating the predicted transition in the major locations of global food production is 

problematic. Consider the following thought experiment. We know that in the year 2001 the 

combined populations of China and India were largely fed from domestically grown crops, 

and that each country has an immense and ancient tradition of farming expertise 

(Swaminathan and Slamen, 2000).49 Imagine that in the year 2101, because of climate change, 

falling yields, and water shortage that a substantial fraction of the food for these countries50 is 

grown in newly developed fields in Canada and Siberia, using capital-intensive machinery, 

operated by comparatively small populations. The populations of China and South Asia, 

though by then declining, are still likely to exceed three billion. Assume that these countries 

can, at that time, generate the wealth needed to import enough food. 

This optimistic scenario raises many questions. At what point in the coming century 

will planners decide to try to grow the food for (say) hundreds of millions of people in the 

previously forested land of North America and Asia? Will the climate be sufficiently changed 

at that point to successfully sustain harvests there, or might there be a period when crop 

production in both regions is problematic? Will the newly opened areas have adequate fertile 

soil? Can this be maintained? Will there be enough water? How will the economically 

                                                 
48 Exports depend not only on the production of sufficient goods and services, but also on adequate effective 
demand by customers. 
49 Monkombu Swaminathan, sometimes called the Father of India’s green revolution, recently pointed out that 
India (already) has over 100 million farming families, working an average holding of less than one hectare – 
“production by masses, not mass production” (Swaminathan and Slamen, 2000). 
50 Fischer et al (2001) predict that China’s rain-fed grain growing potential may increase by 15%. Increased 
rain in North China may also replenish the country’s aquifers. While the population of China is likely to 
increase by at least 15% before stabilising and perhaps declining, overall, China seems less vulnerable to 
adverse effects of climate change than India, Indonesia and many sub-Saharan African nations. On the other 
hand, Fischer et al (2001) assume that grain yields will not be reduced consequent to heat stress. 
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displaced farming populations in Asia survive? Will India and China appear sufficiently 

viable, economically, to generate the necessary confidence to make the investments 

(presumably in territories uncontrolled by either country) profitable? Or might rising social 

tension, perhaps exacerbated by a stochastic event such as a major harvest-reducing volcanic 

eruption,51 or a terrorist attack on the Chinese leadership initiate a spiral that threatens regional 

nuclear war? 

Raising these issues should not be regarded as an artificial strategy to generate 

concern. Instead, a successful agricultural transition seems rather implausible, and will 

certainly be problematic. But it is not only nuclear-armed China, India and Pakistan that may 

suffer if grain prices rise as a result of climate change, water scarcity or both. Many other 

populations, especially in the Middle East and Africa will also be vulnerable. Social instability 

in the former is likely to exacerbate the risk of terrorism from militant Islamists, while further 

food insecurity in Africa is likely to deepen that continent's tragic recent record of war, chaos 

and to further reduce the low average life expectancy found there.52 

The global grain harvest 

There are already many indications that the global grain harvest is not increasing as 

rapidly as global population. This seems theoretically feasible, in addition to the constraints 

discussed above, of soil, water and climate, because of the growing evidence that the 

revolution of increased yields, consequent to selective plant breeding and increased fertiliser 

use is reaching biological limits (Cassman, 1999; Sheehy, 2001a; 2001c; Somerville and 

Briscow, 2001).53 

                                                 
51 In 1816, global haze from the eruption of Mt Tambora (in 1815) in the East Indies led to unseasonal frosts 
on a global scale, hence widespread crop failure and hunger in the “year without a summer” (Pyle, 1998). 
Global warming is unlikely to compensate for the short-term cooling that would occur if such a massive 
volcanic eruption reoccurred. 
52 May not future generations of resentful Africans resort to, or be recruited to engage in, the use of 
comparatively low technology and inexpensive weapons of mass terror and destruction? Already, the 
impoverished nation of Somalia, in the Horn of Africa, has been linked with Osama bin Laden. UK Prime 
Minister Tony Blair is currently in Africa, in part to try to reduce the risk of African-originated or based 
terrorism (MacAskill, 2002). 
53 This does not mean that no further yield increases are possible, but that the rate of increase is likely to 
continue to slow. Africa is an exception. Conway and Sechler (2000) report that cereal yields in Africa have 
barely increased over the past 30 years and stand at a meagre 1 ton per hectare. Verhye (2000) reports a drop 
in rice yields in upland Sierra Leone from 700 kgs per hectare in 1978 to only 516 kgs per hectare in 1992. 
Verhye attributes this decline to population pressure that has led to decreased fallowing and to economic 
factors, including inadequate transport, which limit the use of fertilisers. In contrast, rice yields in parts of 
Asia average 8 tonnes per hectare. Sheehy (2001b) speculates that the absolute limit is likely to be about 9.6 
tonnes per hectare. In another illustration of the gulf between social and physical scientists, if not the 
Cornucopian enchantment, the economist D. Gale Johnson, as recently as December1998 (Johnson, 1999a) 
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Figure 4.1 World per capita grain production 1966-2001. 

The per capita global grain harvest (adjusted for milled rice) has declined since its 

maximum in 1985. Preliminary data for 2001 suggests a further decline. Data FAO (2001), 

United Nations Population Division Department of Economic and Social Affairs (2001). 

(Method: see appendix two). About 36% of all grain is fed to livestock (Brown, 2001b).54 

 

 

Evidence, using official FAO data,55 demonstrates a substantial and recent decline in this 

indicator (see figure 4.1). The question and significance of the global per capita grain 

harvest has been fiercely debated, but so far this debate has largely been restricted to data 

only until 1997 (Alexandratos, 1999; Dasgupta, 1998; Dyson, 1999a; 1999b; Johnson, 

1999a; 1999c; King, 1999b; King and Elliott, 1996a; Naylor, 1996). Two arguments have 

been advanced to propose that the decline in the per capita harvest to this point was of no 

concern. These are: (a) that no permanent decline has really occurred, because the mid-

                                                                                                                                                     
argued at a colloquium that the reasons for a slower growth in grain harvest were purely economic, “rather 
than the limitations of the biological potential for increasing yields or deterioration in the natural resources 
used in producing food”.  
54 The percentage varies from 4 percent in India to 25 percent in China and 65 percent in the United States 
(Brown, 2001b: 149). 
55 Watson and Pauly (2001) have recently demonstrated a significant exaggeration in the FAO data for the 
global fish catch. 
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1980s and early 1990s were aberrations (Dyson, 1999a; 1999b; Alexandratos, 1995; 1999; 

Ruttan, 1996) or, (b) even if the decline is real, it is insignificant because of “Simpson’s 

paradox” (Alexandratos, 1999).56  

Recent data has shown a further decline in this indicator for the period 1998-2000, 

with preliminary evidence of a further per capita decline in 2001 (Brown, 2001d; FAO, 2001). 

The argument that the decline in the per capita global grain harvest is an aberration appears 

increasingly unlikely,57 while the second argument is sensitive to the assumptions used,58 

supports claims that global inequality has increased, and ignores the risk implied to under-

entitled populations.59 

Grain and conflict 

The decline in the global per capita grain harvest does not mean that conflict is 

inevitable. It is possible that decreased wastage of food in wealthy countries,60 decreased post-

harvest grain losses from vermin, and a trend to a lower reliance on grain-fed meat61 could 

maintain or increase grain consumption by humans, even if per capita grain production 

continues to fall. Water pricing,62 development strategies that increase food production in 

Africa63 and new genetic and multi-disciplinary agricultural strategies may halt, or even 

reverse the decline. Demographic transition may also be further accelerated, with the same 

result. 

However, the decline makes reversal of existing regional food insecurity appear even 

more problematic. History is replete with poor harvests, social unrest, political changes and 

                                                 
56 Using certain assumptions, it is possible to mathematically demonstrate that consumption may increase for 
both rich and poor populations, even if the average per capita global grain consumption declines, because an 
increasing percentage of the global population is poor (Alexandratos, 1999; Johnson, 1999a; 1999c).  
57 This does not deny that the peak in 1985 may have been an artefact, so that the subsequent decline is 
exaggerated. 
58 That is, the per capita global decline may also be evidence of decreased supply for poor populations. 
59 It is true that international grain prices have not yet increased. In part this reflects subsidies that artificially 
depress food prices (Bongaarts, 2002); it is also likely to reflect inadequate effective demand by impoverished 
populations. 
60 Farrell (2000) estimates that about 30% of food in the US is wasted. 
61 About 40% of the global grain harvest is fed to stock. However, any voluntary trend to decreased meat 
consumption in high-income countries is likely to be outweighed by increased meat consumption in low-
income countries, assuming sufficient effective demand exists. 
62 Though it is rational to properly price water it will be problematic to do this in ways that do not further 
disadvantage the poor. 
63 Crop yields in most of sub-Saharan Africa are far below the global average, indicating substantial potential 
for improvement. In sub-Saharan Africa, an average of 8 kg of nutrients are applied per ha per annum, whereas in other 
developing countries the rate is about 80 kgs, and in developed countries it exceeds 200kgs (Fischer, 2001: 18). An 
important factor for increased inputs will be improved transport. 
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revolts (Brown, 1994).64 It means that if and when China becomes a significant grain importer 

that the trend to downward prices may reverse. Any increase in the price of food staples is 

likely to lead to political instability, and hence to increase the risk of conflict. 

Other climate change associated conflict 

Global warming, even at the lower end of the range predicted by the IPCC (1.4-5.80C), 

together with changes to precipitation, stronger storms and rising sea level is likely to have 

profound affects – many of them adverse – on economies, infrastructure and public health, 

independent of its effects upon food production. This risk is likely to be related, though non-

linearly, to the degree of global warming. 

Though the literature contains hints at global catastrophe secondary to global 

environmental change (Barnett, 2001), few explicit pathways are described. Swart (1996) 

warns of a world scarred by “barbarianisation”, in which pockets of wealthy populations exist 

behind barbed wire in a world in which the majority of people are poor and desperate, and 

noted that the risk of both national and international conflict is “exacerbated by large-scale 

environmental changes, such as climate change”.65  

The environmental diplomat and campaigner Maurice Strong (2000)66 predicts that 

global population by 2030 will decline to about 4.5 billion, implying almost 4 billion 

premature deaths, but the author does not define any explicit pathway (Soskolne, 2000). 

Runaway climate change and conflict 

The above scenarios do not invoke the far most pessimistic scenario of “runaway” 

climate change. Were this to occur, temperature changes may rise by at least the upper limit of 

that predicted this century. Consequent reduction of both the terrestrial and oceanic carbon-

sinks would then make even more severe climatic change appear inevitable in the 22nd century 

(see chapter one). In this event, wealthy populations may be overwhelmed, and may be even 

                                                 
64 Brown (1994) discusses climate related weakening of the Scottish economy that preceded union with 
England in 1707; the famine that preceded the French Revolution and “the hungry forties” (1840s) that saw 
the rise of the Chartists, insurrections in several Continental cities, and the publication of The Communist 
manifesto. 
65 In his Nobel Peace Prize acceptance speech Willy Brandt warned “if the natural supplies of water, oxygen 
and living matter on our planet run out, then humanity, poisoned and starving, will no longer care about the 
peaceful order for which we strive today” (Brandt, 1986:30). 
66 With some justification, Strong presents himself as the most influential environmentalist alive, responsible 
more than any other person for both the 1972 and 1992 global environmental conferences. However, his 
association with the oil industry and membership of the Trilateral Commission (Sklar, 1980: 110; Beder, 
1998: 111-112) has generated suspicion among conspiracy theorists. 
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more likely to try to practice a form of “global triage”, diverting resources even further from 

the responses that could maximise the benefit of local adaptive and reactive measures. Poorer 

populations would face disproportionate harm, but the increasing disruption to social 

coherence and, eventually, trade and infrastructure would also affect the living standards of the 

comparatively wealthy. 

Substantial polar contributions to sea level rise are considered unlikely this century, 

even by pessimists (see chapter one), but such a scenario would appear almost inevitable in 

following centuries, due to lag effects, should runaway climate change occur. This would have 

immensely expensive and negative effects, including on food security, even if global 

population is declining, through a natural demographic transition, by the 22nd century. 

Even if the sustainability transition accelerates, enabling an increased "factor four" 

world (doubling output yet halving the ecological cost) (von Weizsäcker et al., 1997; Hawken 

et al., 1999) it is still inevitable that the per capita availability of fresh water, arable land and 

other critical environmental resources will decline for large, relatively poor, segments of the 

global population in coming decades. The risk of future resource-scarcity associated conflict 

remains significant, even without “surprises” due to climate change, deteriorating ecosystem 

services or other damaged environmental global public goods. 

Even modest climate change could also cause significant alteration to the Gulf Stream 

(see chapter one). As a result, paradoxical European cooling would lead to agricultural 

disruption, emigration, and increased energy demand in Europe, with likely global military 

consequences (Broecker, 1997; Schellnhuber, 1999).67 

Ecosystem service associated conflict 

Ecosystem changes, for example from deforestation and the infilling of wetlands, can 

also lead to scarcities, for example by increased land-based flooding and crop loss. This may 

interact with rising sea levels, more intense storms, higher groundwater levels68 and sea-

surges, for example in areas where coastal mangroves have been replaced by aquaculture to 

significantly reduce crop yields. The flooding of the Yangtze river basin in China, in 1998 

                                                 
67 Broecker writes: “Should this occur [disruption of the Gulf Stream] when 11 to 16 billion people occupy 
our planet, it could lead to widespread starvation, for in order to feed these masses, it will be necessary to 
produce two to three times as much food per acre of arable land than we now do. More problematic perhaps 
than adapting to the new global climate produced by such a reorganization will be the flickers in climate that 
will likely punctuate the several-decade-long transition period.” 
68 Aquifer levels are falling in may parts of the world, due to irrigation. The higher groundwater levels 
referred to here arise from repeated flooding over a short period. 
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illustrates a complex web of factors, including heavy rain associated with an El Niño event, 

deforestation which increased water runoff, and more intensive cultivation of lakes and 

wetlands in the river basin, which reduced their "sponge" function (Abramovitz, 2001). 

Any single event, even if causing significant infrastructure damage and economic 

losses is unlikely to induce conflict. As Deudney (1991) observed, virtually all economies are 

subject to periodic “natural” disasters. But any major change in the distribution, frequency or 

intensity of such events is likely to change the calculus which influences intra- and inter-

national conflict. Ecosystem function decline that increases the risk of conflict may constitute 

“dangerous” ecosystem change; if on a sufficient scale, it could constitute “critical” ecosystem 

change. 

Falling biodiversity may not obviously appear to aggravate the risk of conflict. Again, 

however, reduced biodiversity may interact with other factors, such as climate change or 

genetically maladapted food crops to cause further deforestation, further ecosystem 

deterioration, or food insecurity – perhaps with further feedback and interactions. The co-

evolution of humans and their productive landscapes, which has occurred since at least the 

start of the Holocene (Redman, 1999) risks disruption by processes occurring at an 

unprecedented rate and scale, not only from climate change but numerous other processes. 

The coming two centuries will witness unprecedented human demands on the 

environment. Reduced ecosystem services seem inevitable. Other ecosystem services that are 

vulnerable, at least on regional scales, include pollination, soil fertility, tourist attractions69 and 

fisheries. The value of global ecosytem services conservatively exceeds the measured turnover 

(in US$) of the global human economy (see chapter one). Significant damage to this natural 

economy could greatly reduce the value of the measured economy, triggering a cascade of 

adverse economic and political events that could lead to global civilisation failure, even 

without conflict. 

Water, oil and conflict 

Scarcity of two forms of natural capital – water and oil – have been particularly 

identified with both past and future conflict. As population pressures increase and as an 

                                                 
69 For example from coral reef damage, consequent to increased sea surface temperatures (Pockley, 1999), 
coral over-harvesting (Best et al., 2001), reef over-fishing, including by the use of explosives 
(Chadwickfurman, 1996), possible UV effects and coincident disease (Shick et al., 1996; Holden, 1997; 
Richardson et al., 1998), and sea level rise destroying the infrastructure of tourism-dependent small island 
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increasing proportion of agricultural production depends on irrigation, tensions over reduced 

per capita freshwater supplies are increasing in many locations (Gleick, 1998). Around the 

world, many river systems (and thus scarce water resources) are shared uneasily between 

neighbours in unstable regions: the Nile, the Ganges, the Mekong, the Jordan and the Tigris 

and Euphrates rivers (El-Betagy, 2000; Gleick, 1998; Homer-Dixon, 1994; Postel and Wolf, 

2000). 

"Water wars" have therefore been postulated as increasingly likely in future, including 

in the Middle East,70 and between Ethiopia and Egypt, Lesotho and South Africa, and India 

and Bangladesh (Gleick, 1998; Homer-Dixon, 1994). On the other hand, Postel and Wolf 

(2000) point out that conflict over water is not inevitable, and list several examples where 

neighbouring states successfully negotiated water-sharing agreements. El-Betagy (2000) also 

presents an optimistic view that Middle Eastern conflicts over water can be defused. 

The occupied Palestinian West Bank illustrates a marked disparity in water use: Jewish 

settlers are permitted to draw about four times as much water, per capita, as Arabs (Homer-

Dixon et al., 1993). Homer-Dixon identifies concerns over water access as a contributor to the 

1967 Arab-Israeli war, which resulted in Israeli control over most of the Jordan Basin's water 

resources. Writing in the early 1990s, Homer-Dixon et al argue that further war between Israel 

and Palestine is unlikely "given the preponderance of Israeli military power". Whether or not 

this remains true, critics of the water war hypothesis will point to other disparities between 

Israelis and Arabs as causal factors for tension. This is not in dispute; the argument is that 

resource scarcity, and the desire to reduce resource insecurity, are powerful contributing 

causal factors for conflict. 

While it is unlikely that war ever occurs because of a single factor, including water,71 it 

is likely that water disparity has played a role in the conflict between Israel and the 

Palestinians, as Homer-Dixon et al argued. In turn, this has been attributed by Osama bin 

Laden as the main cause for the September 11 terrorist attack on the USA, which in turn led to 

the attack on Afghanistan. Water scarcity may also be reasonably considered as a causal 

element in any conflict that has food shortage as a major cause. 

                                                                                                                                                     
states (Gillespie and Burns, 2000). Air travel might also be regulated due to its global warming potential 
(Pearce, 1998b). 
70 Water scarcity has been identified as a cause of the 1967 Arab-Israeli war (Homer-Dixon et al., 1993); 
future conflict may arise between Turkey and Iraq. 
71 Postel and Wolf (2000) date the last purely water-related conflict to ancient Mesopotamia. 
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The desire to secure energy supplies, especially of oil, is also a potent source of 

conflict. A reason for the German drive on Stalingrad, in WWII, was to secure the oil reserves 

of the Caspian basin (Rhodes, 1996: 67). Energy-scarce Japan sought oil, minerals and other 

resources from China and South East Asia during WWII (Deudney, 1991; Homer-Dixon, 

1994). More recently, the Persian Gulf War also illustrates a major conflict triggered by the 

desire to guarantee oil supplies (Homer-Dixon, 1994). Conflict over oil has been attributed as 

a major cause for the ongoing war in the Sudan (Chelala, 2002). The invasion of East Timor 

by Indonesia may have, in part, been to secure that nation’s claim to oil in the Timor gap.72 

Detailed analysis of the competing claims regarding stocks of economically 

recoverable oil is beyond the scope of this thesis.73 However, spectacular technological 

improvements in the exploration and recovery of oil (Rauch, 2001), claims that non-

conventional hydrocarbon stores can be exploited economically (Houthakker, 1997; Rogner, 

1997)74 and confusion regarding oil markets (Tempest, 2001) have not abolished concerns that 

the end of cheap oil is likely in this century (Campbell and Laherrere, 1998; Hatfield, 1997; 

Raeburn, 2001). 

Raeburn reviews a recent book by Deffeyes (2001), called Hubbert’s peak: the 

impending world oil shortage. Hubbert was a Shell geologist who, in 1956, predicted that US 

oil production would peak in the early 1970s and then begin to decline. Pro-Hubbert and anti-

Hubbert factions arose and persisted until 1970, when US oil production indeed started its 

long decline. Raeburn writes: 

“the Hubbert method is based on the observation that oil production in any region 

follows a bell-shaped curve. Production increases rapidly at first, as the cheapest 

and most readily accessible oil is recovered. As the difficulty of extracting the oil 

increases, it becomes more expensive and less competitive with other fuels. 

Production slows, levels off and begins to fall” (Raeburn, 2001). 

Those opposed to Hubbert’s arguments may argue that substantial future oil in 

currently abandoned oil fields will again be economic, once production from other global oil 

                                                 
72 The desire to secure oil supplies has also been argued as contributory cause for the British-Argentinean war 
over the Falkland Islands (Malvinas) in the early 1980s (Homer-Dixon, 1994). 
73 The noted energy expert, John Holdren - hardly an energy contrarian – refers to “a serious technical 
literature (produced mainly by geologists and economists) exploring the questions of when world oil 
production will peak and begin to decline and what the price of oil might be in 2010, 2030 or 2050, with 
considerable disagreement among informed professionals on the answers” (Holdren, 2002). 
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fields falls.75 Nevertheless, this still depends on the technological breakthroughs that Rogner 

assumes and a sufficient rate of such improvements to minimise the economic disruption that 

will otherwise occur if economies are still substantially dependent on oil. Future oil wars will 

remain possible until and if substantial decarbonisation of the global economy occurs (Byrne 

et al., 1998). 

Other pathways to global civilisation failure 

Stochastic events, such as re-occurrence of the “year without a summer”76 could cause 

additional stresses, proving fatal to an already stressed global economic and political system. 

Progressive global civilisation failure could occur through inappropriate responses to only 

modest additional environmental stresses.77 Increased economic isolationism, collapse and loss 

of confidence in the insurance industry, and decreased aid, even to countries armed with 

weapons of mass destruction, could further damage both the global economy and global co-

operation. Reduced assistance to poorer populations could erode compliance with existing 

global environmental treaties, as well as further damage those under negotiation. 

Increased poverty could cause further breakdown in public health infrastructure and 

more disease outbreaks78 in the South. If this occurred, travel within such countries would 

become increasingly difficult,79 and could precipitate a runaway form of inequality, in which a 

few remaining pockets of wealth and order become increasingly fortified, isolated, but 

eventually, socially and culturally impoverished.80 

                                                                                                                                                     
74 Rogner’s argument assume that historically observed rates of technology change will continue to occur, 
enabling this. 
75 Thus providing the economic incentives to stimulate the needed breakthroughs. 
76 Global warming is unlikely to compensate for the short-term cooling that would occur if such a massive 
volcanic eruption reoccurred. Global co-operation and distribution of stored food should safely avert global 
civilisation failure in such circumstances. But such an event, on a background of incipient civilisation failure 
because of global environmental change and inequality, might accelerate global civilisation failure. 
77 This could also be precipitated by significant economic failure, such as another depression. Hurrell warns: 
“It is highly implausible to believe that, over the medium term, the 15% of the world's population living in the 
OECD world can insulate itself from the instability and insecurity of the rest. Nor can the countries of the 
North do without the political support of major developing countries if collective and cooperative solutions 
are to be found to global problems" (Hurrell, 1999: 270). I argue that it would be impossible to distil “pure” 
economically caused civilisation failure from contributory environmental factors. 
78 Including not only viral but antibiotic-resistant bacterial and protozoal diseases, including tuberculosis and 
malaria. 
79 Increasingly, foreign aid workers are receiving special training before deployment to the Third World 
(Denny, 2001a). 
80 High-income populations already depend on many goods and services produced by low-income 
populations. Scenarios such as this seem implausible on a global scale; economic and military forces seem 
likely to keep sufficient order to maintain such industries for the foreseeable future. On the other hand, an 
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While the chance of any of these pathways unfolding as described seems slight, none 

are impossible. It is likely that adverse unexpected events will also occur, interacting with 

some of the above elements.81 

Proposition two: Environmental and nuclear brinkmanship 

Nuclear brinkmanship 

“Brinkmanship” as a political concept was popularised by John Foster Dulles, 

Secretary of State under US President Eisenhower. Dulles threatened “massive nuclear 

retaliation” against the Soviets, declaring that the US must be prepared to “go to the brink” of 

war to attain its objectives. Nuclear brinkmanship, especially if reciprocated by a powerful 

opponent82 posed a clear risk of not only global civilisation failure, but far worse - certainly 

global civilisation collapse, and perhaps even extinction of all human and most other forms of 

life, because of “nuclear winter” (Coale, 1985; Ehrlich et al., 1983; Turco et al., 1983).83 This 

is a global haze persisting for weeks or even months, of sufficient thickness to block sunlight, 

and to cause-sub-freezing temperatures, thus killing most terrestrial life. 

Brinkmanship implies preparedness by the participant(s) to engage in provocation and 

other forms of risk-taking, even though the magnitude of the risk is, at least partly, 

                                                                                                                                                     
increasing number of countries, especially in sub-Saharan Africa, appear to be developing a mixture of 
economic, epidemic and political chaos into which few tourists, diplomats and even aid workers dare to enter 
(Kaplan, 1994). Even so, some affected economies still produce exports, such as cocoa from the Ivory Coast, 
produced in part by slaves (Denny, 2001b) and diamonds from Sierra Leone, a country notorious for its high 
population of amputees and child soldiers (Denselow, 2000). 
81 The recent jetliner terrorist attacks on the US have been amplified by the multi-continental postal delivery 
of anthrax spores. While, so far the death toll from this relatively crude form of bio-terrorism has been trivial 
(Enserink 2001), the fear and economic disruption is considerable (Wessely, et al., 2001). Targeted 
assassination of economically important individuals has also been suggested as a cost-effective way of 
causing substantial adverse economic ripple effects. Recently, separate extreme weather events destroyed 
valuable scientific infrastructure at two sites in the US, one of which is the world's largest agricultural 
research complex (Koenig, 2001b; Sincell, 2001a; 2001b). Because such losses include collections amassed 
over time insurance is only a partial compensation. The cumulative, synergistic consequence of a sufficient 
number of such events is likely to at least temporarily reduce civilisation’s function and resilience, and could 
lead to aggravated civilisation failure if maladaptive responses are triggered. Christopher Chyba, who served 
on the staff of the National Security Council under President Clinton has recently warned that civilisation will 
confront severe challenges in the 21st century as a result of biological weapons and the risk of infectious 
disease (Chyba, 2001). 
82 Thus becoming the policy of “mutually assured destruction” (MAD) (Clarke, 1992; Forrow and Sidel, 
1998). 
83 Recently, “dark winter” scenarios have also been postulated. This dramatises the catastrophic potential of 
smallpox as a biological weapon of mass destruction (Henderson et al., 1999; Henderson, 2001a). 
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appreciated.84 Nuclear brinkmanship was characterised by extensive control and manipulation 

of information. During the Cold War, nuclear brinkmanship was led by a tiny section of elite 

decision makers in both the US (McNamara and Vandemark, 1995; Butler, 1998b) and the 

Union of Soviet Socialist Republics (USSR). In the US and, probably, in the USSR, 

widespread public support existed for the Cold War policies. In the US (at least) considerable 

misinformation existed about the impact of nuclear war.85 On both sides of the Iron Curtain, 

misinformation and secrecy were viewed as essential components for the successful 

preparation for nuclear war, including the role and safety of nuclear energy.86 Though an anti-

nuclear weapon movement existed within the US and its allies almost from the conclusion of 

WWII,87 and though important progress towards nuclear disarmament was gradually achieved 

                                                 
84 By this definition, the release of CFCs in the early 1970s, and the burning of fossil fuels in the 19th century 
do not constitute forms of environmental brinkmanship, because no one at that time knew, even theoretically, 
of adverse global environmental consequences from such actions. 
85 General Groves, Director of the Manhattan Project, which created the world’s first atomic bomb during 
WWII (Jungk, 1987, Bodanis, 2000; Rhodes, 1996) testified before the US Congress that radiation poisoning 
was “a very pleasant way to die” (Forrow and Sidel, 1998). In the 1950s organised medicine in the US joined, 
as an active partner, in civil defence planning against nuclear attack, hence helping to propagate the belief that 
nuclear attack was survivable. An anonymous reviewer of The physician in atomic defence (Sears, 1953) 
commented “his account hardly presents in realistic perspective the problems likely to be encountered” 
(Anonymous, 1954b). In 1961, Life magazine assured readers that 97% of Americans would survive a nuclear 
war if only they would build fallout shelters (Forrow and Sidel, 1998). Within the US administration, the full 
risk of the US sponsored Bay of Pigs invasion of Cuba was withheld from US President Kennedy (Kornbluh, 
1998). Gallagher (1993) discusses some of the US misinformation felt necessary to successfully conduct 
numerous atmospheric tests on US soil. Robert Kennedy reveals how his brother learned from USSR 
President Krushchev that US nuclear-armed missiles remained in Turkey, in defiance of orders that Kennedy 
had repeatedly issued (Dumas, 2001). 
86 A major nuclear accident occurred in 1957 at Russia's main plutonium production plant at Chelyabinsk in 
the Urals, but remained unreported for about 20 years. According to its reviewer, Makhijani et al (1995) 
claimed the Central Intelligence Agency apparently knew of the accident by 1959 at the latest, but 
Washington “kept the information secret, apparently fearing the impact on the US nuclear industry" (Slater, 
1995).  
87 Scientists, including many physicists who had worked in the Manhattan Project were prominent in this 
movement. In 1946 the Federation of American Scientists published the bestselling One world or none. In the 
same year, a top-level US government committee urged a UN-enforced ban on nuclear weapons. But, 
foreshadowing subsequent events, the USSR called for US elimination of its own nuclear arsenal (amounting 
to two warheads in November, 1946) as a precondition for progress in developing a comprehensive and 
verifiable global abolition programme. The US refused, and efforts to achieve abolition quickly faded 
(Forrow and Sidel, 1998). Few medical voices of protest against nuclear weapons were heard in the early post 
WWII period; two notable exceptions were Albert Schweitzer, awarded the Nobel Peace Prize in 1952, and 
the (later) prominent epidemiologist Sir Richard Doll (Doll et al., 1951). The British organisation Medical 
Association for the Prevention of War (MAPW) was born from this correspondence (Kandela, 1998). In the 
US a group called the Society for Social Responsibility in Science was formed in 1949; its membership 
included a number of medical graduates (Girby, 1951). The Association of Scientific Workers, established in 
1918 Britain, included as part of its role, an attempt to consider the social consequences of research; this 
group published a pamphlet called Atomic attack in the late 1940s (Binning, 1951). Physicians for Social 
Responsibility was formed in the US in 1959. This organisation documented the health effects of nuclear war 
in clinical detail, and argued that civil defence efforts offered little benefit. Medical studies in the 1960s also 
documented the increasing level of strontium 90, a component of radioactive fallout, in the deciduous teeth of 
children in the US and Europe (Forrow and Sidel, 1998). 
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after the Cuban missile crisis88 (Forrow and Sidel, 1998; Holdstock and Waterston, 2000) 

nuclear brinkmanship was not significantly reduced until the 1980s (Forrow et al., 1998). 

Some authors argue that the risk of nuclear war has increased in recent years, including 

from “accidental” causes (Forrow et al., 1998; Holdstock and Waterston, 2000), but the risk of 

nuclear war on a scale sufficient to cause global civilisation failure seems lower since the 

collapse of the USSR, and appears comparatively low in the near future.89 However, fears of 

nuclear terrorism remain, and have received more credence since the September 11 terrorist 

attack against the USA. 

In early 2001, the US administration proposed cutting US$100 million from a range of 

security measures designed to improve nuclear security in the USSR, including securing 

plutonium stockpiles against smugglers, and giving nuclear physicists alternative work. 

Following the September 11 attacks, the risk of such policies is now better appreciated 

(Koenig, 2001c), but serious concerns remain that both the expertise and ingredients for at 

least some biological and nuclear weapons of mass destruction have already leaked to terrorist 

hands, or remain for sale. 

Environmental brinkmanship 

The preceding arguments have presented several mechanisms by which global 

environmental change may cause substantial local and regional conflict. Scenarios such as 

regional food insecurity, consequent to climate change, may at the “best” case, be confined to 

localised famines and limited food aid, but at the worst case could contribute to the regional 

use of weapons of mass destruction. Such conflict may not be limited to a single region, and 

may be complicated by adverse environmental, economic and political events that reduce the 

capacity of wealthier populations to intervene to promote stability. In such circumstances, 

effective action to defuse further adverse global environmental change is also likely to be 

limited. Thus, global civilisation failure, and even worse scenarios should not be dismissed as 

scare mongering. 

                                                 
88 For example, in 1963 the Limited Test Ban Treaty, which prohibited atmospheric and undersea nuclear 
weapon tests, was signed (Forrow and Sidel, 1998). This was followed by the Non-Proliferation Treaty, 
drafted in 1968, and enacted two years later (Lown, 1995). 
89 Fears are again emerging of a new arms race between the US and China, triggered by US determination to 
proceed with a nuclear missile “shield” (Fraser, 2001). 
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Two characteristics justify the term “environmental brinkmanship” being applied to 

this process. These are (a) an elite recognise that harm is occurring,90 and (b) the threshold 

point, beyond which substantial, irreversible harm to human society becomes inevitable is 

uncertain. 

Initially, adverse global environmental change, even though criticised by 

environmentalists, did not pose any risk of global civilisation failure because of its limited 

scale.91 Nor could its risks – even in the distant future – be fully appreciated, because of the 

nascent, emerging knowledge of “Earth system” or “ecosphere science” (Falkowski et al., 

2000; Lawton, 2001; Lovelock, 1979; 1988; 1998b; Rockwell, 1998; Schellnhuber, 1999; 

Schellnhuber and Wenzel, 1998; Sheehan, 2000; Schneider, 2001c; 2001d; Thompson et al., 

2001; Tickell, 2001; Vitousek et al., 1997b)92 and “sustainability science” (Kates et al., 

2001).93 

Strictly, it can be argued that not all contemporary, or even future global 

environmental change warrants the term “environmental brinkmanship”. Just as a significant 

amount of past global environmental change has been desirable from an anthropocentric view, 

so too is a significant quantum of future global environmental change. As a thought 

experiment, imagine an instant transition to a world with no net emissions of greenhouse 

gases, but with no more technology based on renewable energy than currently exists. Were 

this politically feasible, billions of people currently dependent on fossil fuels for transport, 

food and heating would be condemned to poverty, cold, and hunger. This poverty is likely to 

impair, rather than facilitate the technological transition and hence the sustainability 

transition.94 

                                                 
90 It can be argued that, in contrast to nuclear brinkmanship, the fraction of society that perceives the risk of 
environmental brinkmanship is less a political and more a scientific and environmentalist elite. But there are 
important exceptions to this including US Vice President Al Gore (Gore, 1992), and to a lesser extent, former 
US President Bill Clinton. (Also see chapter two). 
91 This argument does not apply as fully to local environmental change (see chapter one). 
92 I credit James Lovelock (born 1919) and his colleague Lyn Margulis as the main originator of Earth System 
science, through their work on the Gaia hypothesis (1965). This can be summarised as the study of the Earth’s 
biology, geology, chemistry and climatology as a single complex system. The Russian scientist Vladimir 
Vernadsky’s 1926 book The biosphere is said to foreshadow many of its main ideas. Lovelock and Margulis’s 
work was received scornfully by most of the scientific community, and several eminent evolutionary theorists 
biologists, including Richard Dawkins and the late Bill Hamilton remain critical (Hamilton, 1998). Gillon, an 
associate editor of the journal Nature reviews evidence of increasing acceptance for this work by the 
biogeochemical and the wider scientific community (Gillon, 2001). 
93 These workers have recently called for this new multidisciplinary science. 
94 For example, fossil fuels will be needed to produce sufficient wind turbines, solar cells, fuel cells, 
hypercars, and so on. At the best case, decarbonisation to a sustainable emission rate is still likely to take fifty 
years (Byrne et al., 1998). 
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Thus, a degree of further, deliberate, global environmental change is desirable from a 

utilitarian, anthropocentric perspective. Reduced global inequality can only be achieved95 by – 

at least in the short run – widening the resource-utilisation franchise, that is, by increasing the 

material resources used by the poor. Because reduced inequality will reduce the tension that 

currently makes the risk of global conflict so high, increased global environmental change for 

this purpose is desirable from the perspective of ensuring high living standards for the elite for 

as long as possible. 

There is only one perspective that, rationally, may be used to oppose increased global 

environmental change in the near future. Paradoxically, this is the eco-totalitarian view 

(George, 2000). Holders of this view, recognising the risk of further global environmental 

change, may argue that the safest policy (from the perspective of the elite) is to stop, or even 

reverse erosion of global environmental public goods (McMichael et al., in press) by 

quarantining further access of those with less power to the technologies which facilitate this 

erosion. However this policy is so risky that it is unlikely to be seriously attempted. As well as 

being extremely difficult to enforce it is likely to increase the risk of civilisation failure, 

because of the increased resentment it would generate.96 

A trade off exists. Even in best case scenarios, the coming decades represent a 

transitional period during which adverse global environmental change must increase, even 

given the most enlightened and humane global environmental and social policies, because of 

the inertial factors described in chapter one. In other words, in the near future, humanity will 

and must continue to approach a point at which global civilisation failure becomes inevitable. 

The challenge is to arrest adverse global environmental change before that critical point is 

reached. 

                                                 
95 Without widespread impoverishment or civilisation failure. 
96 There is little evidence for the conscious development of such policies. Instead, most development and 
poverty alleviation policies continue to propose strategies that give little weight to “sustainable development”, 
despite rhetoric to the contrary. The degree of global ecototalitarianism that currently exists largely reflects 
longstanding distributions of power, income and environmental access, under the operation of comparatively 
laissez faire economic policy. 
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Comparing environmental and nuclear brinkmanship 

Until environmental brinkmanship is perceived as risking global civilisation failure, it 

is unlikely to be taken as seriously as was nuclear brinkmanship.97 Like nuclear brinkmanship, 

sufficient warning has been given by scientists to alert at least an elite group of policy makers 

and the general public that significant risks to human society, if not yet civilisation, are 

entailed. Inherent in the concept “brinkmanship” is the idea of an incremental increase of risk. 

In the early stages of nuclear brinkmanship, analogous to the early stages of environmental 

brinkmanship, the level of risk steadily increased, yet provoked little outcry - the public either 

felt the risk was justified, or failed to appreciate its true scale. 

Unlike a military opponent, nature is incapable of consciously provoking a crisis by 

deliberate retaliation. Unlike nuclear brinkmanship, collapse of the weaker actor is 

undesirable. Indeed, the passivity and apparent resilience of nature probably contribute to its 

ongoing damage. Like nuclear brinkmanship, the threshold of environmental tension, beyond 

which disastrous consequences to civilisation are inevitable, remains unknown. Like nuclear 

brinkmanship, public concern is likely to approximately correlate with the perceived risk. The 

social forces that promote and profit from environmental brinkmanship, like those that 

engaged in nuclear brinkmanship, have also exhibited significant ability to influence public 

opinion (Edwards, 1997a).98 

Environmental and nuclear brinkmanship are related in another way. Although world-

destruction myths occur in many religions and cultures, it is scarcely credible that past human 

societies could fully appreciate the force, embedded in nuclear weapons of mass destruction, 

which would one day allow humanity to risk its own annihilation. Yet, since 1945, such 

knowledge has become commonplace. Is it not possible that current generations, conditioned 

since birth to live in a civilisation at perpetual risk of nuclear war,99 could – on the whole - 

                                                 
97 In 1995, the Canberra Commission concluded “there is no doubt that, if the people of the world were more 
fully aware of the inherent danger of nuclear weapons and the consequences of their use, they would reject 
them, and not permit their continued possession or acquisition on their behalf by their governments, even for 
an alleged need for self-defence” (Blackaby, 1998: 16). 
98 In the case of nuclear brinkmanship, public opinion was initially directed (on both sides) towards 
demonising the opponent. In the case of environmental brinkmanship, the opponent, nature, is not vilified, but 
its role as a vital ally of humanity is understated, as are the risks it faces (Beder, 1998). 
99 As early as 1951 Doll et al wrote "Now, even the perspective of atom warfare fails to arouse horror; the 
magnitude of threatened disaster paralyses the mind". 
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calmly accept, as a lesser evil, the massive destruction inflicted upon nature, even if this risk 

also entails an appreciable risk of civilisation failure?100 

Contrasts and similarities between nuclear and environmental brinkmanship are shown 

in Table 4.1. 

 

Nuclear Brinkmanship (c 1946 – c1990) Environmental Brinkmanship (c 1970+) 

Risked rapid, sudden and severe global 

civilisation failure 

Risks deferred, gradual global civilisation 

failure 

A new concept post WWII An emerging concept today 

Involved two parties (US & USSR) Involves two parties (humanity & nature) 

Information manipulated to justify risk Information manipulated to obfuscate risk 

Risks well understood by political elite Risks poorly understood by political elite 

Understanding of risk gradually increased 

among general public (in North)  

Understanding of risk among general public 

remains low 

Provoked widespread, gradually increasing, 

protest movement (in North) 

Provoked significant, but so far weaker 

protest movement, of fluctuating strength 

(mainly in North) 

Science strongly influential in mobilising 

public opposition (involvement of 

academically powerful nuclear physicists, 

strontium in teeth, concept of nuclear winter)  

Science less influential in mobilising opinion 

(ecologists less influential than physicists; 

many other scientific disciplines 

comparatively neutral until recently); 

scientific uncertainty exploited by risk-takers 

North especially vulnerable (to regional 

civilisation failure) 

South especially vulnerable (to regional 

civilisation failure) 

Potentially defusable by increasing tension, 

forcing capitulation of opponent  

Potentially catastrophic by increasing tension 

– natural “collapse” highly undesirable 

 

 

Table 4.1. Contrasts and similarities between and of nuclear and environmental 

brinkmanship. 

                                                 
100 This is the “boiling frog” syndrome (Boyden, 1972). This story is, hopefully, apocryphal, but humans, like 
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Proposition three: Quantifying the human impact upon the global environment 

Chapter seven and appendix thirteen discuss in detail ways that the human impact 

upon the global environment can be quantified. Some changes, such as the annual atmospheric 

concentration of various trace gases and the column of stratospheric ozone can be precisely 

measured on a times series basis. There is also increasing confidence in measures such as the 

annual average global temperature, and, at least approximately, annual changes in the number 

of species of mammals, birds and amphibians. Other changes, not yet precisely measurable on 

an annual, or even decadal time series basis include the human appropriation of fresh water 

(Postel et al., 1996) and terrestrial (Field, 2001; Rojstaczer et al., 2001; Vitousek et al., 1986) 

and marine photosynthesis (Pauly and Christensen, 1995). If these could be measured 

precisely then they would provide extreme boundaries of global environmental change. 

However, it is unlikely these limits will ever be reached, so uncertainty would still remain 

about the true upper limit. 

 

 

                                                                                                                                                     
other species, are clearly vulnerable to conditioning. Many factors combine to lull humanity into comparative 
complacency concerning the risk of environmental brinkmanship. 

The “critical” level of global environmental change is controversial, poorly 

researched, poorly understood and, in some quarters, flatly denied. But such a 

level must exist. I argue that while there is no formula which can be used to 

precisely determine the relationship between global environmental change and 

environmental brinkmanship, certain indicators of change to the global physical 

environment will correlate, albeit non-linearly, with environmental 

brinkmanship. The method used to determine such an Index of Global 

Environmental Change (IGEC) is described in chapter seven. 
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Proposition four: The poor are at disproportionate risk from "dangerous" 

global environmental change 

If the risks of global environmental change were disproportionately faced by wealthy 

and politically powerful populations then far more effort would already be underway to reduce 

it. Disproportionate risk to the poor, from adverse global environmental change, is 

increasingly recognised (Abramovitz, 2001; Adeel and Glantz, 2001; Brown, 2000b; Capella, 

2001; Cutter, 1995; Eriksen, 2001; Fischer et al., 2001: 28; Gray, 2000; Pianin, 2001; Red 

Cross, 2000; Smith, 2001b).101  

Poor populations face increased health and economic risks from almost all conceivable 

adverse consequences of global environmental change, including from the interaction of 

extreme weather events and reduced ecosystem services.102 Examples include reduced access 

to early warning systems, emergency services, insurance, credit and compensation. The poor 

live in flimsier housing, often in areas at greater risk of floods, and face increased risk of 

disaster-related epidemics, in part from microbiologically contaminated food and water. They 

lack the “entitlement” (Sen, 1993) to purchase food at higher prices caused by reduced food 

supply consequent to damaged crops and infrastructure. The recent human consequences of 

the extreme weather events in Mozambique (Akumu, 2000; Anonymous, 2000c; Sidley, 

2000), Venezuela (Brown, 2000b), the Mekong basin (Anonymous, 2000d; Reuters, 2000a; 

2000b; Tran 2000), Central America (Almendares et al., 1993; Silverstein and Cockburn, 

1999; Hellin et al., 1999; Kmietowicz, 1998; Sarewitz and Pielke, 2000; van der Stuyft and 

Vos, 1998; Ullsten and Rapport, 2001), Bangladesh (Abramovitz, 2001) and elsewhere 

illustrate several aspects of this vulnerability. Droughts are also likely to harm poor 

populations disproportionately. 

Wealthier populations are more likely to live in areas with better ecosystem services, 

and enjoy higher environmental amenity. They are also more likely to be able to afford other 

                                                 
101 Mick Kelly, editor of Tiempo, the Bulletin of the Climatic Research Unit at the University of East Anglia, 
UK, is a rare exception, arguing that future climate instability will hardly worsen the plight of many 
countries. Kelly is concerned with the opportunity cost of research on climate change arguing that attention to 
this diverts attention and resources away from present hazards (in the South) "towards the ill-defined and 
speculative threat of future impacts" (Kirby, 2000). 
102 For example, the co-incidence of deforestation and heavy rain, or unstable urban rubbish heaps and 
landslides, such as the Payatas dump in Manila, which killed at least 975 people (Bengwayan, 2001). An 
earthquake-triggered landslide, exacerbated by deforestation in El Salvador in January 2001 may have killed 
even more (Ullsten and Rapport, 2001). The poor also face increased health and other risks from adverse local 
environmental change, particularly from exposure to pollutants (Torras and Boyce, 1998). 
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ecosystem services substitutes and adaptations, such as good housing, artificially cleaned 

water, air conditioning, sunscreen lotion and protective clothing and recreation to distant areas 

of wilderness. 

The 2nd IPCC report (1996) reviewed the literature on the social cost of CO2 emissions. 

Based on best-guess central estimations (that include both market and non-market impacts, 

and adaptation costs) the IPCC concluded that the damages from a doubling of CO2 would be 

in the order of: 

 

• world impact: 1.5-2.0% of world GDP. 

• developed country impact: 1-1.5% of GDP. 

• developing country impact: 2-9% of GDP. 

 

Although these figures were ‘based on a large number of simplifying and often 

controversial assumptions’ (such as the value of a statistical life) (Costanza, 1997),103 and are 

subject to regional variations, a marked difference was found between the impact on 

developing countries compared with developed countries. The 3rd IPCC report (IPCC, 2001b) 

also affirmed that developing countries ‘have lesser capacity to adapt and are more vulnerable 

to climate change damages, just as they are more vulnerable to other stresses.’ 

                                                 
103 Costanza (1997) is extremely critical of much of this book. For example: “The Summary for Policymakers 
is a well-tempered statement that glosses over much of this inconsistency. It acknowledges that "Decision 
making related to climate change must take into account the unique characteristics of the 'problem': large 
uncertainties (scientific and economic), possible nonlinearities and irreversibilities, asymmetric distribution of 
impacts geographically and temporally, the very long time horizon, and the global nature of climate change 
with the associated potential for free riding" (p. 7). The difficulty is that some of the chapter authors pick up 
on these problems, while others forget, or at least downplay, them and try to go on with analysis-as-usual”. 
Costanza also reviews evidence which finds that, depending on the time preference factored into the discount 
rate used, the marginal cost to society of one ton of CO2 emission can vary by a factor of 100 (US$5 to 
US$590 respectively). That the conservative estimate (Nordhaus, 1991) is far better known than the more 
alarming one may be evidence of managed information, may reflect a “natural” desire to downplay alarming 
news. A third option, that it reflects more legitimate assumptions, or a less flawed methodology, is disputed 
by Costanza. 
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Intergenerational inequality  

Unborn populations have even less influence upon global policy than populations, 

currently alive, who are poor or young. This important aspect of inequality is, however, not 

further discussed in this thesis.104 

Conclusion 

As global environmental change proceeds, the ancient stresses that underlie conflict 

are likely to intensify. The world remains heavily armed with weapons of mass destruction, 

especially nuclear and biological (O’Toole and Inglesby, 2001). Global co-operation is 

desirable to reduce the risk of overt conflict, and also to develop treaties to effectively manage 

and where possible minimise dangerous global environmental change. 

A disregard of global environmental change by powerful actors, in part because of the 

view that dangerous environmental change will disproportionately harm the poor contributes 

to environmental brinkmanship. Though it is impossible to prove that future adverse health 

and other effects will result from dangerous global environmental change, a substantial body 

of scientific opinion make such impacts plausible. Several pathways which may lead to 

substantial adverse global population health effects have been discussed. 

The major adverse health effects that this thesis is concerned with are indirect, for 

example from economic damage, regional food insecurity and environmental-scarcity 

associated conflict. The time horizon may be as long as several centuries, but it is valid to 

work on this now because of inertial effects in the causes – including population behaviour, 

demographic inertia, and also climate and other components of the Earth system. The time 

frame may also be shorter. 

                                                 
104 Principle 3, adopted at UNCED states: “The right to development must be fulfilled so as to equitably meet 
developmental and environmental needs of present and future generations” (Anonymous, 1992b; Cutter, 
1995). 
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Chapter five: The distribution of global income and power 

Abstract 

Much of the debate regarding the degree and trend of recent global income 

distribution (global income distribution) can be resolved by considering the measurement 

unit used; either national income adjusted either for foreign exchange (FX), or purchasing 

power parity (PPP) value. However, all empirical studies have found that global income 

distribution, adjusted for national income distribution, is more unequal than the income 

distribution for any single country, irrespective of income measure.  

It is argued that FX incomes are a better indicator of global political and economic 

power than corresponding PPP adjusted incomes. It is also suggested that some of the 

assumptions used to estimate PPP adjusted incomes exhibit a “Eurocentric” bias, and 

exaggerate the purchasing power of most people in low FX income countries. 

Finally, the changing relationship between per capita FX and PPP adjusted 

incomes, implied if the divergence of global income distribution trends is genuine, 

represents a previously undescribed form of interest, disproportionately imposed on several 

low-FX income countries. 



Chapter five: The distribution of global income and power 

196 

Introduction 

 This chapter reviews the existing literature related to both subjective and objective 

measures of global inequality. It focuses on the health impacts of economic conditions in the 

Third World since World War II (WWII). It argues that the general rate of improvement in 

health in the first post-war decades, when there was less global emphasis on the free market 

policies, slowed when global free-market doctrines and influence became more powerful, 

especially in sub-Saharan Africa.  

This chapter also reviews the quantitative literature of global income inequality, in 

foreign exchange (FX) terms and adjusted for purchasing power parity (PPP). This is relevant 

for chapter six, which presents four time series studies of global income inequality, undertaken 

for this thesis. It is argued that FX adjusted income is a more appropriate indicator of global 

political influence than PPP adjusted measures, mainly because governments accrue foreign 

debt in FX terms. National inequality, especially in the Third World, evidenced by a 

widespread lack of democracy and government accountability, also helps to exacerbate 

indebtedness. This is because such governments are frequently prepared to sanction further 

debt to maintain living standards for their elite populations and their own power, including by 

the purchase of arms. This is the case even though a consequence is further economic and 

health disadvantage experienced by their wider populations. 

Discovering and defining the “Third World”: post World War II optimism 

Quantitative study of global income distribution is comparatively recent, dating to the 

publication of Colin Clark’s Conditions of economic progress in 1940 (Clark, 1940).1 Clark’s 

book was regarded as a milestone (Deane, 1958) drawing academic attention to what came to 

be known first as the Third World.2 Decolonisation, the various UN institutions and 

declarations, the World Bank (Caufield, 1998), and US-led responses to the Cold War3 all 

contributed to an expanding post-WWII concern for global economic development. 

                                                 
1 Reviewing this book, Rothbarth wrote, “four industrial countries with 13% of the population, account for 
40-50% of the world's economic output. This statement rather underestimates the extent of inequality” 
(Rothbarth, 1941). Another reviewer, Stolper (1940) wrote: “the world is found to be shockingly poor". 
2 Brandt (1986: 88) and Mehmet (1999: 59) trace the coining of the term “The Third World”, in Paris, to “the 
Third Estate” an exploited and despised class in pre-revolutionary France. 
3 The “Truman doctrine”, outlined in 1947, allocated US$400 million for Greece and Turkey, thought to be at 
risk of communist takeover. In 1957, Eisenhower extended this to Jordan. The economic historian, Rostow, 
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Mehmet (1999) argues that the early post-war development theories were flawed by 

“Eurocentricity” and hence were unlikely to deliver the Third World successfully from 

poverty, while Athanasiou (1998) argues that the stated US intentions of participating in a 

more equal world were never sincere, quoting, for example, George Kennan.4 Nevertheless, 

the rhetoric of this period, also illustrated by the inaugural speeches of Presidents Truman and 

Kennedy (Butler, 2000b), the formation of the Peace Corps (Fry and Martin, 1991: 388-390), 

the declaration of the 1960s as the first decade of development (UNICEF, 1996), and of a 

foreign aid target for wealthy countries of 0.7%, helped to create an environment in which 

work to reduce global poverty and to promote Third World development was intellectually 

credible, morally laudable and widely supported (Stern, 1989). 

Problems with development 

By the mid-1960s increasing problems with achieving these goals were apparent, as 

was increasing disillusionment with their achievement, including the effectiveness and amount 

of foreign aid. Despite the efforts of development theorists and economists it appeared that, in 

the 1960s, the gap between developed and developing countries was widening. In 1969 the 

Commission on International Development (the Pearson report) proclaimed this gap as "a 

central issue of our time" (Pearson, 1969). However, Stern (1989: 634) noted this report 

“moved to the wings”, foreshadowing a continued decline in genuine development assistance, 

rather than the response the Pearson Report hoped for. As the first decade of development 

ended, the political momentum to achieve Third World development appeared to be waning. 

Critics increasingly claimed that aid was being spent inappropriately on prestige 

projects, driving “aid-seeking behaviour”,5 supporting a parasitic bureaucracy (Hancock, 

1989) and, as food, harming poor farmers, unable to compete with the subsidised or donated 

product (Stern, 1989; Verhye, 2000). Foreign aid from the US, as a proportion of GNP, started 

                                                                                                                                                     
called in 1960 for a kind of Marshall Plan to win the hearts and minds of people in the Third World and thus 
to immunize themselves against Communism (Mehmet, 1999: 70). More recently, African leaders have called 
for a Marshall Plan for Africa (McGreal, 2001b). 
4 Caufield (1998: 44-47) reports that stress triggered by perceived US co-option and distortion of the ideals of 
the World Bank, at the time of its formation, contributed to John Maynard Keynes’ early death in 1946. 
Keynes, the leading British contributor to the founding of the World Bank, feared that its directors would 
place national interest – especially of the US – before the Bank and the nations it was intended to help. 
Keynes also foresaw that nations indebted to the Bank would require an indefinite series of further loans to 
avoid default. 
5 Lappé and Collins (1979: 41-42) also point out that US aid was targeted towards strategically important 
countries such as Israel and away from countries such as Chile, which tried to institute agrarian reforms.  
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to decline, and became increasingly focused on population programmes, laying a foundation 

for conflict over global population policy at the 1974 conference held in Bucharest (Finkle and 

Crane, 1975).  

Together with the perception of increasing inequality, frustration increased with aid as 

the principle route to development. The Third World increasingly argued instead for fairer 

trade policies, led by the United Nations Conference on Trade and Aid (UNCTAD) (Coote, 

1992; Finkle and Crane, 1975; Rogers, 2000).6 In 1971, President Nyerere of Tanzania 

explained: 

“In 1963, we needed to produce 5 tons of sisal to buy a tractor. In 1970, we had to 

produce 10 tons of sisal to buy that same tractor” (Rogers, 2000: 82). 

 UNCTAD argued that this deterioration in terms of trade was, by 1972, equivalent to 

a loss of more than 20% of poor countries’ aggregate exports, a sum considerably greater than 

overseas development assistance (see appendix four): 

“there was, in effect, a net transfer of real resources … from developing to 

developed countries” (Rogers, 2000: 82).7 

The success of the Organisation of Petroleum Exporting Countries (OPEC) in 

increasing the price of oil in 1973 was heralded by many Third World countries as a model to 

similarly increase the price of other raw materials produced mainly in poor countries (Coote, 

1992: 44; Finkle and Crane, 1975). Arnold (1993: 19) traces apprehension of this possibility in 

First World countries as giving rise to the terms “North” and “South”, in recognition of the 

improved bargaining position of poor countries.8 

The hopes of the South and fears of the North were largely unrealised, particularly 

because its members were unable to form effective cartels.9 The wish by many in both the 

North and South for a fairer world did not entirely vanish in the 1970s, evidenced by the Basic 

Needs Approach (Mehmet, 1999: 89-93),10 “bottom up” development theories, a wave of 

                                                 
6 UNCTAD started as a conference, held in Geneva in 1964, and then established as a permanent institution, 
retaining, rather confusingly, the word “conference” in its name. 
7 UNCTAD is of course, referring to a transfer of internationally exchangeable currency, that is FX, rather 
than PPP adjusted income. 
8 That is, as a less pejorative term then the “Third World”. 
9 Technological improvements also reduced the North’s dependency on many minerals. 
10 This originated with the International Labour Organisation and was endorsed by the World Bank under 
McNamara’s presidency. Caufield (1998: 332) reports that McNamara appealed to the World Bank board in 
1973 for a reversal of the trend to increasing income inequality within developing countries. 
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western-based non-government organisations (NGOs) and calls for a “New International 

Economic Order”. 

But in the North, as the 1970s progressed, the oil crisis, rising unemployment and 

stagflation contributed to reduced faith in Keynsianism, allowing a shift to the political right,11 

led especially by the USA and UK (Coburn, 2000; Toohey, 1994). In 1981, the newly elected 

Republic US President Reagan, influenced by monetarist economic theories12 appointed AW 

Clausen as the World Bank’s new president, signalling a major shift in World Bank policy. 

The debt crisis and structural adjustment programmes 

Both Mehmet (1999) and Arnold (1993) argue that the OPEC-led oil price rise flooded 

Northern banks with petrodollars, which in turn were recycled13 to many borrowers in the 

South, thus laying the foundation for the following debt crisis experienced by many Third 

World countries. Many commentators have argued that the degree of indebtedness and the 

scale of repayments required by poor countries became powerful contributors to the health and 

social crisis in the South, particularly in sub-Saharan Africa.14 Invariably, these loans and 

repayments were in an internationally traded currency, most commonly US dollars. UNCTAD 

has already identified Third World debt as a problem in 1967, but its scale and identification 

as a problem has increased many times since then. Debt forgiveness has periodically been 

called for since the 1960s, and occasionally practised (Easterly, 2001). 

                                                 
11 This replaced Keynesianism by policies and theories that proclaimed the benefits of freer markets. 
Synonyms for these policies included “supply side” economics, monetarism, “economic rationalism”, 
“Reagonomics” and neo-liberalism. Szreter (1997) suggests this occurred in part because of complacency of 
the post WWII generation in OECD countries, who had developed excessive faith in the benign nature of both 
government and business. I argue that the acceptability of these policies was increased by claims that the 
more efficient economy under marketist policies would benefit the poor in ways that Keynsianism couldn’t, 
through trickle down. Thus a shift to the right was marketed as a means to better attain social justice. 
12 In chapter three I argued that the intellectual climate of this time was unduly influenced by Simonian 
(“cornucopian”) ideas. 
13 Mehmet (1999: 112) discusses a “spectacular mania” of ... “loan pushing”. 
14 Dissenting voices include from Boorman (1998) and Easterly (2001). Boorman, director of policy 

development and review at the International Monetary Fund (Abbasi, 1999b) disputes that indebtedness is a 
primary cause of poverty; instead arguing that poverty and loan misuse are mainly caused by “inappropriate 
economic policies, poor lending decisions by creditors and social and political disruptions". He attributes 
rising per capita incomes in sub-Saharan Africa to structural adjustment programmes. At the same time, he 
praises the international community for the debt relief it has undertaken, therefore eroding his argument that 
debt is irrelevant. Easterly’s argument rests mainly on the corruption of Third World governments. He ignores 
the leverage that heavy indebtedness allowed the World Bank and IMF to enforce structural adjustment 
programmes in exchange for further loans. 
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By 1985, the debt repayments by many nations represented a net outflow of capital 

from poor to wealthy populations,15 a subsidy of the wealthy by the poor, which 

Chossudovsky (1997: 45-51) calls a Marshall Plan for the rich. A significant, but difficult to 

determine proportion of borrowed funds was stolen or squandered by Third World elites,16 

spent on arms, wasted on white elephants,17 and, frequently, used in their entirety to repay 

previous loans (George, 1988: 13). 

The increasing scale and injustice of the Third World debt crisis led to an impressive 

“Jubilee” campaign18 at the close of the second millennium, aiming to cancel the debt burden 

for many highly indebted countries (Abbasi, 1999c; 1999d; Ashraf, 2001; Basu et al., 2000; 

Godlee, 1993; Logie, 1992; 1997; Logie et al., 1999; Rowson, 2000; van der Stuyft and Vos, 

1998). This has had partial success (Anonymous, 2001d; Logie, 2000; Verhuel and Rowson, 

2001). 

Critics contend that many heavily indebted sub-Saharan Africa countries were forced 

by the debt crisis to spend more funds on repayments than on social spending, including health 

(Bergström and Molumbi, 1996; Logie and Benatar, 1997; Walker et al., 1996). Indebtedness, 

combined with a limited capacity to service loans, also made some countries – usually the 

poorest - vulnerable to conditional loans, including the imposition of structural adjustment 

programmes (SAPs). In accord with neo-liberal theory, SAPs reduced government spending, 

including on education and health,19 and tariffs and subsidies, including for staples such as 

grain, bread and water (Chossudovsky, 1997). Many commentators have identified SAPs as 

contributing to the stagnation, and even deterioration of many health, educational, scientific20 

                                                 
15 Debt repayments exceeded loans, aid and foreign investment combined (Chossudovsky, 1997: 51). 
16 George (1988: 18-19) estimates that Ferdinand and Imelda Marcos had appropriated at least 15% of the 
Filipino national debt of US$26 billion by 1986. The late President Mobuto of Zaire was estimated to have a 
personal fortune of about US$5 billion, approximately equal to his nation’s debt (George, 1988: 106). Much 
of this stolen money was invested in Northern banks, a process called “capital flight”. Easterly (2001) also 
provides several examples.  
17 For example, George (1988) describes the completed but non-functional Bataan nuclear power plant, 
precariously sited between a volcano and a Filipino fault line, commissioned from Westinghouse at a cost of 
US$2.1 billion in 1976. Easterly (2001) points out that the debt-burdened Kenyan government managed to 
fund the Eldoret International Airport in 1996, a facility that almost nobody uses, as a reward for President 
Moi's home region. 
18 Based on the biblical Jubilee economic system (Daly, 1996: 207). 
19 Sometimes resulting in the introduction of user fees for health services (Logie and Haines, 1995; Logie et 
al., 1999). There is now ample evidence that this discourages their utilisation by the poor (Castro-Leal et al., 
2000). 
20 Hassan (2001) blames “political instability and chronic socio-economic problems” for the decline of 
African universities in recent decades. More than 30, 000 university trained staff left Africa during the 1980s 
as a direct consequence of vanishing government support for education and research (Bergström and 
Molumbi, 1996). 
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and social indicators which occurred in many poor countries in the following two decades 

(Abbasi, 1999e; Anonymous, 1994; Basu et al., 2000; Bello, 1999; Bello et al., 1994; Bhutta, 

2001; Chossudovsky, 1997; Einterz, 2001; George, 1988; 1999b; Logie, 2001; Logie and 

Haines, 1995; Logie and Woodroffe, 1993; Macfarlane et al., 2000; McMichael and 

Beaglehole, 2000; Singer and Benatar, 2001; Wakhweya, 1995; Werner, 1998; Werner and 

Sanders, 1997). 

Income and power 

This thesis argues that the global distribution of certain human and social 

characteristics is causally associated with the distribution of global influence and therefore 

environmental brinkmanship. Influence is projected in three main ways: economic, political, 

and by direct physical or military coercion.21 Collectively, these mechanisms can be 

summarised as “global power”. This includes the ability of populations at different scales 

(individuals, classes, nations, clastes22 and other groups linked and identified by special-

interests) to influence policies, including environmental policies, at all scales, but especially 

global.23 

The proposition that the distribution of economic power correlates closely with that of 

more general social and military power is implicit in a considerable body of economic and 

political science literature. In the Wealth of nations, Adam Smith wrote: 

“Wealth, as Mr. Hobbes says, is power. But the person who either acquires, or 

succeeds to a great fortune, does not necessarily acquire or succeed to any political 

power, either civil or military. His fortune may, perhaps, afford him the means of 

acquiring both, but the mere possession of that fortune does not necessarily convey 

to him either. The power which that possession immediately and directly conveys to 

                                                 
21 Abbasi (1999b) quotes a World Bank economist: “Policy based lending is where the bank really has power 
- I mean brute force. When countries really have their backs against the wall, they can be pushed into 
reforming things at a broad policy level that normally, in the context of projects, they can't. The health sector 
can be caught up in this issue of conditionality". 
22 There are four main global “clastes” primarily defined on the basis of their global economic and political 
influence. Claste is a neologism, combining “caste” and “class”. A very small elite, found in both North and 
South governs, assisted by a second, administrative claste (of perhaps a billion people), who in turn oversee a 
less-skilled, less powerful claste who perform most of the world’s menial work. At the bottom are a fourth 
claste of about 1-1.5 billion people, who endure chronic economic and other forms of insecurity, including of 
inadequate calories and micronutrients (Butler, 2000b; 2001b). 
23 There are numerous mechanisms for this, including through custom, imitation, obligation, legal contract, 
persuasion, and the threat or use of direct physical force. 
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him, is the power of purchasing; a certain command over all the labour, or over all 

the produce of labour, which is then in the market. His fortune is greater or less, 

precisely in proportion to the extent of this power; or to the quantity either of other 

men's labour, or, what is the same thing, of the produce of other men's labour, 

which it enables him to purchase or command. The exchangeable value of 

everything must always be precisely equal to the extent of this power which it 

conveys to its owner” (italics added) (Smith, 1776). 

More recently, Bollen and Jackman (1985: 440) wrote: 

“concentrated economic resources may allow the ‘haves’ to prevent political 

reforms that extend rights and liberties to the disadvantaged. Their actions may 

range from direct military suppression to more subtle controls such as limitation on 

access to education and the control of information through ownership and 

censorship of the mass media.” 

Other writers support this view (Arnold, 1993: 22; Rubinson, 1976).24 Torras and 

Boyce (1998) suggest that “power” (or “influence”) within a state is likely to correlate with a 

number of social qualities, including income, literacy and ability to vote. Commenting upon 

their proposal that income is a proxy for power they write “while this may seem evident to 

most people, remarkably few modern economists have seen fit to mention it” (italics added). 

They report that Kuznets was an exception, suggesting in 1963, that “power inequality is a 

function of both income inequality and per capita income” (Kuznets, 1963). They refer to this 

as Kuznets’s ‘unsung hypothesis’, since it has received far less attention than his earlier 

hypothesis, that inequality first increases then reduces as a function of economic growth 

(Kuznets, 1955).25 

The same insight is recognised in Voices of the poor, published by the World Bank. 

This states: “Poverty also means having no "voice" in influencing key decisions that affect 

their lives, or representation in state and national political institutions” (Narayan, 2000). 

                                                 
24 Hayden (1995) draws on archaeological evidence from farming communities New Guinea and the wealthy, 
slave-owning salmon-rich communities of the American North-West Pacific coast to provide glimpses of how 
some societies evolved socio-economic inequalities. He identifies three critical elements in “the establishment 
of power” as “private property, binding contracts, and especially debts”, including interest. He also quotes 
several earlier ethnographer workers who equated wealth with power. 
25 That is, that inequality worsens then improves as economic growth proceeds. There is considerable 
evidence that this is not the case (Decker, 1996). 
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Bornschier and Ballmer (1979) have also considered this issue; starting their abstract with 

“We see personal income distribution as a function of the distribution of power.”26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
26 Snooks (1996: 157-158) quotes the antiquity scholar Starr regarding the ancient Greek attitude to wealth: 
“riches are to be held in order that their owner be respected and have power”. He argues: “As most scholars in 
this tradition argue, wealth was merely a means to an end”. He also discusses Kennedy’s book The rise and 
fall of the great powers: “In Kennedy’s own words, each nation attempts ‘to enhance its power and influence 
internationally’ … He (Kennedy) claims that the relative political power of nations... depends on their relative 
economic wealth. This is hardly a contentious issue”. 

To summarise, considerable intellectual, financial and physical attempts to reduce 

both absolute and relative poverty in the South have been made since WWII. Even 

though progress has been made, many commentators argue that the progress is 

unsatisfactory, particularly in sub-Saharan Africa since the 1970s. The root causes 

of this are not purely economic, but also involve political, social and demographic 

factors, operant in both North and South. Economics is sometimes claimed to be 

“value free”. As well as being intellectually dishonest, such naïveté leaves economic 

theory vulnerable to manipulation by forces that seek to maintain or increase their 

advantage. A coalition between powerful economic forces in the North, avaricious 

and ostensibly naïve bankers who fuelled the debt crisis, and corrupt Third World 

kleptocrats has combined to repeatedly undermine the health and living standards 

of billions of ordinary people in the South. 
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The distribution of global income: quantitative evidence 

“When you can measure what you are speaking about, and express it in numbers, 

you know something about it” Lord Kelvin, 1883 (Knowles, 1999). 

Despite general agreement that the global distribution of both income and power has 

diverged in the last two centuries (Boltho and Toniolo, 1999; Maddison, 1995), considerable 

disagreement exists regarding the degree and trend of global income distribution in recent 

decades (Wade, 2001a). However, much of this dispute is resolved if the use of two competing 

measures of income used to compute global income distribution - income adjusted for foreign 

exchange (FX),27 or purchasing power parity (PPP) value28 is considered. 

Rather than contention, there is actually unanimous consensus29 that the trend of FX 

global income distribution in recent decades has been divergent (Korzeniewicz and Moran, 

1997; Melchior et al., 2000; Milanovic, 2002; United Nations Development Program, 1996; 

1999). On the other hand, opinions concerning the trend of the PPP adjusted global income 

distribution have been far more equivocal. Some authors have found it to be static, or even 

                                                 
27 FX income is sometimes also called “nominal” income. It can be thought of as the ability of a currency to 
purchase foreign exchange, such as US$. 
28 PPP adjusted income will be discussed in more detail in this chapter; essentially, it refers to the purchasing 
power for a range of goods and services (excluding foreign currency, but including some imported goods and 
services) of a population within its national boundaries. Confusingly, it is also sometimes called “real” 
income, though it is not necessarily adjusted for inflation. 
29 This statement is accurate with regard to the formal analytic literature. Nonetheless, Robert Wade, 
Professor of Political Economy at the LSE recently asserted that “a majority of Western economists would 
"agree" or "agree with qualifications" if asked whether world income distribution has become more equal 
over the past twenty years" (Wade, 2001a). Wade, after reviewing eight ways to calculate global income 
inequality concluded that seven provided evidence of divergence, while one (in PPP adjusted terms) showed 
no clear trend. Wade does not explain why he thinks most economists could hold views so poorly supported 
by empirical evidence. He does suggest that the “Washington consensus” – a belief in the benefits of global 
neoliberal economic policies – holds that free-market policies should stimulate global income convergence, 
and infers that because most economists support neoliberalism it follows they will believe that global income 
convergence has occurred. This is rather reminiscent of mediaeval theology. In contrast to the consensus 
Wade perceives among professional economists, the lay anti-globalisation movement has frequently and 
vehemently expressed its conviction that global income distribution has not only become more unequal, but 
this is to be expected because of global neoliberalism (George, 1999b; Gray, 1999). Virtually all of the 
citations of increasing global income inequality used in the anti-globalisation literature are derived from the 
UNDP (UNDP, 1992; 1996: 2). PPP- adjusted income measures, which give a far more confusing picture, are 
ignored. I suggest that the contrast between these schools, even if exaggerated by Wade, both illustrates and 
to an extent is caused by global inequality. If Wade is correct, then elite economists hold views diametrically 
opposed not only to anti-globalisation activists, but to the evidence. The persistent holding of such cohesive 
and rarefied views by an elite and powerful group suggests an inner circle, not only oblivious to the wider 
world, but protected from it by powerful forces that benefit from inequality. Interestingly, John Gray, also a 
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convergent (Firebaugh, 1999; Melchior et al., 2000; Summers and Heston, 1991). However, 

only one author (Milanovic, 1999; 2002) has claimed that PPP adjusted global income 

distribution has also become more unequal30 (see figures 5.2, appendix six and following 

discussion). 

No perfect way to measure the distribution of global income exists, and both FX and 

PPP adjusted measures are of value. However, the causes and implications of the apparent 

divergence between the trend of FX and PPP measures have scarcely been discussed. If the 

difference in the trends of FX and PPP adjusted global income distribution is genuine then it 

implies that the relationship between these two measures - the Kravis coefficient31 - has altered 

substantially over time, something that to my knowledge has never been previously 

considered.32 This is explained in greater detail in the following pages. 

Although the trend of PPP adjusted global income inequality is unclear, its putative 

reduction cannot be interpreted uncritically as necessarily signifying a more equitable world. 

There are several reasons for this. Firstly, the theoretical foundations of PPP adjusted 

measures reflect a number of First World or “Eurocentric” biases, which lead to an inflated 

value. Secondly, PPP adjusted data are extensively based on extrapolation. Thirdly, the value 

of PPP adjusted incomes for low-income populations may have been systematically inflated 

by a technical measure, sometimes known as the index-price problem (Dowrick and Akmal, 

2001, Wade, 2001a). Finally, a changing relationship between FX and PPP adjusted incomes, 

if genuine, suggests a previously undescribed form of interest, levied against nations with a 

rising Kravis coefficient, which acts generally to disadvantage populations with low FX 

incomes. 

All existing studies of global income distribution, using either FX or PPP adjusted 

data, demonstrate that global income inequality has been consistently more unequal than that 

of any known national income distribution, including of Brazil.33 It is argued that the strongly 

                                                                                                                                                     
professor at the LSE, was once a member of this circle, as an adviser to Margaret Thatcher, before becoming 
one of the most articulate critics of neo-liberalism (Gray, 1999). 
30 Milanovic’s study is restricted to 1988 and 1993. 
31 This term appears to have been coined by Grosh and Nafziger (1986); it is synonymous with the “exchange-
rate deviation index” reported by Kravis et al (1978). This is defined as the ratio of per capita “real” (PPP) 
income to “nominal” (FX) income.  
32 Note that a divergence in the trends is not predicated on divergent FX global income inequality and 
convergent PPP adjusted inequality; the divergence occurs even if the accurate PPP adjusted trend is static. 
This is because the FX trend is so clearly divergent. 
33 Brazil is usually cited as having the greatest national income inequality. Wade (2001a) cites Sen (2001) as 
arguing that debates about the trend of global inequality deflect awareness from the central issue of its 
unacceptable magnitude. 
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divergent trend of FX global income distributions in recent decades suggests increasing 

polarisation of the “international purchasing power” of global influence. 

Empirical measures of global income distribution: The FX versus PPP debate 

In 1983, Berry et al (1983) commented on the “striking contrast” between the 

abundance of theoretical literature and the lack of empirical work regarding trends in global 

income distribution. This situation has improved in recent years, but the quality of 

empirical research is still hampered by many factors, particularly the poor quality of data. 

Many global income distribution analyses have been marked by failure to adequately 

consider the differences data sources used to compute inequality. On the one hand, the United 

Nations Development Programme (UNDP) has repeatedly claimed34 that the ratio of the 

income received by the wealthiest quintile of the world’s population to that of the poorest 

increased from approximately 30:1 in 1960 to 60:1 in 1990 (UNDP, 1996) and then to 74:1 in 

1997 (Melchior et al., 2000; UNDP, 1999) (see figure 5.1). 

These claims have been widely cited in the health,35 development and international 

political literature (Anonymous, 1999b; Arnold, 1993: 32; Athanasiou, 1998; Benatar, 1998; 

2001: 50; Chossudovsky, 1997; Douthwaite, 1998; Hurrell and Woods, 1999; Mehmet, 1999; 

Postel, 1994; Thomas, 1997; ul Haq, 1995: 77). At the same time, other workers, using PPP 

adjusted measures, have argued that global income inequality in recent decades has been static 

or reducing (Firebaugh, 1999; Melchior et al., 2000; Summers and Heston, 1991).36 

Increasingly, global income distribution analysts (Firebaugh, 2000; Korzeniewicz and 

Moran, 2000; Melchior et al., 2000; Milanovic, 2002) and commentators (Wade, 2001a) are 

using a more sophisticated debate, by describing global income inequality in both FX and PPP 

adjusted terms. Melchior et al (2000) provide a detailed, graphical representation of eleven 

studies in FX and PPP terms, that clearly shows the divergence in trends between the FX and 

PPP analyses (see appendix three). 

 

 

                                                 
34 These claims are in FX units (US$), but the UNDP rarely if ever states this; it is assumed. 
35 Increasingly, however, workers studying international health inequality are using PPP adjusted incomes 
(Gwatkin et al., 1999). 
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Figure 5.1 Global inequality: foreign exchange adjusted quintile ratios. Different 

editions of the UNDP's Human Development Reports have reported quintile ratios for 

most of the global population, for six separate years since 1960. The claim that the 

quintile ratio increased from 30:1 in 1960 to 61:1 (triangles) in 1990 has been widely 

reported. The UNDP found the ratio increased further, to 82:1 in 1995. It is less well 

known that the UNDP reported the quintile ratio then improved between 1995 and 1997 

(squares). The UNDP method makes no adjustment for national income distribution, that 

is, income distribution in all nations is assumed as perfectly equal. 

  

                                                                                                                                                     
36 PPP measures of global income inequality are rarely, if ever, cited in the international development 
literature. 
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The Penn World Tables 

The rationale for the calculation of PPP adjusted income data is that the purchasing 

power37 of a given amount of FX currency varies widely between different countries.38 Low 

average per capita FX income countries tend to have comparatively low FX-price structures. 

Non-internationally traded goods and services39 produced in low price-structured economies 

tend to be particularly inexpensive (in FX terms), while internationally traded goods tend to 

have prices closer to their international value. 

The calculation of PPP adjusted income data is mainly the work of a small number of 

dedicated economists based at the University of Pennsylvania,40 led by Irving Kravis, and 

followed by Robert Summers and Alan Heston (Kravis et al., 1975; 1978; 1982; Summers and 

Heston, 1991). Since the late 1950s these workers have used a method known as the Geary-

Khamis method (see following footnote) to estimate per capita PPP adjusted income for an 

increasing number of countries (see table 4.1), thus producing an extensive time series of 

economic data called the Penn World Tables (PWT). They use a series of detailed 

“benchmark” surveys called the International Comparison Project (ICP) to calculate PPP 

adjusted incomes for surveyed countries in survey years.41 Statistical methods based on 

regression are then used to estimate PPP adjusted incomes both for surveyed countries 

between ICP survey years and for a number of unsurveyed countries in both surveyed and 

unsurveyed years.42  

                                                 
37 Of goods and services but not foreign currency. 
38 The Economist magazine regularly features articles about its “Big Mac index”, the varying cost, in US 
dollars, of a standardised item - a Macdonalds’ hamburger. This is a simple application of the PPP principle 
(The Economist, 1996a; 1997). This principle is also understood (at least implicitly) by all backpackers from 
high FX income countries who travel to low FX income countries. 
39 The classic example is a haircut. 
40 Kuznets, very influential in the development of national accounting systems, also worked at the University 
of Pennsylvania (Kapuria-Foreman and Perlman, 1995). Kravis was a student of Kuznets. 
41 ICP surveys were performed in 1950, 1955, 1967, 1970, 1973, 1975, 1980, 1985 and 1990, when, 
respectively, 8, 8, 5, 10, 16, 34, 60, 64 and 30 countries were studied. Surveys of the prices of a standardised 
bundle of goods and services, as far as possible identical in quality are conducted (including a proportion of 
internationally traded goods). The Geary-Khamis method uses a complex, weighted formula to estimate a set 
of “average international prices”. 
42 The mathematical relationship between per capita FX and PPP incomes for surveyed countries is assumed 
to apply for non-surveyed countries, so that the Kravis coefficient for these countries is determined by 
regression, based on their relative per capita FX incomes. The PPP incomes for non-survey years are 
calculated by adjusting for changes in per capita gross national product (GNP). In baseline years, the FX 
values of domestic GNPs are multiplied by the Kravis coefficient, resulting in the GNP (PPP). The baseline 
(“numeraire”) economy used for the Kravis coefficient calculations is arbitrarily taken as the US. Therefore, 
the Kravis coefficient for the US is nominally one. However, the Kravis coefficient is not always greater than 
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Period (dataset) Country-years 

surveyed (ICP) 

Country-years data Estimated (%) 

1950-1992 (PWT 5.6) ^ 235 5037 95 

1964-1992 (PWT 5.6) ^ 219 3844 94 

1964-1998 (WB constant) 219 4976 96 

1975-1998 (WB current#) 188 3455 95 

 

Table 5.1 PPP adjusted income data relies extensively upon extrapolation. The vast 

majority of PPP country-year data have been estimated, using a method based on 

regression, from a small number of country-year observations, from ICP surveys performed 

between 1950 and 1990. 

 Legend: ^ PWT data are available in both constant (inflation adjusted) and current prices 

   # The World Bank (WB) current time series data starts in 1975 

 

 

The latest version of the PWT (5.6) includes data to 1992, but the World Bank has 

published a more extensive PPP dataset, extended to 1998. Significantly, national FX incomes, 

criticised as valid indicators of national well-being by both the PWT compilers and their 

supporters, are themselves incorporated into the formula, which allows computation of PPP 

adjusted incomes in non-surveyed country-years. An extremely high percentage of the final 

data are based on extrapolations from the much smaller number of country-years surveyed 

(see table 4.1). China, the most populous nation, has never been subject to an ICP survey 

(Summers, 1995, Korzeniewicz and Moran, 2000).43 

The ICP surveys are complex, and make efforts to gather information from a number 

of sites, both urban and rural. The more recent surveys include 400-700 carefully specified 

                                                                                                                                                     
one. Japan, for example, has recently had a substantially over-valued exchange rate; its recent Kravis 
coefficient has therefore been substantially less than one. That is, US$1 will currently purchase, on average, 
more goods and services (of equivalent quality) in the US than it will in Japan. 
43 The Economist discussed a World Bank study which revised the number of people living below the poverty 
line in China from fewer than 100 million to well over 300 million, commenting that “The World Bank 
poverty report is ‘fairly mysterious’ about the basis on which it has revised the PPP figures, simply citing 
‘better data’” (The Economist, 1996b). 
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items in about 150 expenditure categories. However, the surveys make a number of 

“Eurocentric” assumptions. 

The “Eurocentricity” of assumptions used to estimate PPP adjusted incomes 

Mehmet (1999) has written extensively about “Eurocentric” assumptions (assumptions 

that favour high per capita FX income economies)44 that he argues have helped to perpetuate 

poverty in low per capita FX income countries. Although Mehmet does not discuss PPP 

adjusted incomes at all, a number of assumptions used to justify the use of PPP adjusted 

measures of income as a valid measure of consumption or well-being also reflect these biases. 

Firebaugh (2000), debating Korzeniewicz and Moran (2000) over the merits of PPP 

and FX adjusted indicators, argues: 

“My preference for PPP data for income inequality research rests on two premises: 

first, that the ultimate aim of research on between-nation income inequality is to 

compare the material well-being of people in different nations; second, that income 

comparisons based on local prices better capture differences in material well-being 

than do comparisons based on exchange-rate prices” (Firebaugh, 2000) (emphasis 

added).  

Firebaugh overlooks another important reason for researching between-nation income 

inequality: to explore the international influence of different populations. Foreign debt is 

never repaid in PPP adjusted currency. Adam Smith defined wealth as affording “the power of 

purchase … a command of labour … or the produce of labour”. The ability of a population to 

command labour in other countries is proportional to that population’s FX, rather than PPP 

adjusted income. The global economy, increasingly, is a single system, and its universal 

medium of exchange is not PPP adjusted, but FX currency. The power relationships between 

different countries within this system are far better expressed in terms proportional to the size 

of their foreign exchange adjusted economy, than to their economy measured in PPP terms. 

There are other problems with Firebaugh’s argument. For example, though bottled 

drinks are included in the basket of goods and surveys used in the ICP surveys, tap water is 

not. In high per capita FX income countries microbiologically safe water is provided to almost 

entire populations, at a heavily subsidised price. In poor countries, clean, readily available 

                                                 
44 Including many non-European countries, such as Japan. 
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water is comparatively rare. Therefore, use of PPP adjusted incomes, alone, will exaggerate 

that of an average individual in a poor country, and reduce the income of a comparable person 

in a wealthy country. In other words, reliance on PPP adjusted incomes will reduce the actual 

inequality, at least to the extent that the cost of clean water is ignored. 

Nor is clean water the only omission. Citizens of most high per capita FX income 

countries benefit from far more free or subsidised goods and services than available in low per 

capita FX income countries, and few if any of these are included in the surveys used by the 

International Comparison Project. 

If one’s aim is to “compare the material well-being” of different populations, it is also 

important to investigate the factors that underpin low-FX price structures in some countries 

(see table 4.2). One, clearly, is that the producers of goods and the providers of services are 

able to use inexpensive inputs in their respective businesses. Bhagwati (1984) states that 

Kravis, Summers and Heston, building on an earlier literature, chiefly attributed lower wages, 

even paid to the makers of internationally traded goods costing a standard price to lower 

productivity. But even if this is the case45 other factors, including “merit” goods (Boltho and 

Toniolo, 1999) do not seem to have been considered in the literature, even by the small 

number of critics of PPP adjusted measures (Dowrick and Quiggin, 1997; Korzeniewicz and 

Moran; 2000; Wade, 2001a; 2001b). 

Merit goods include less obvious costs of production, including occupational safety 

standards (Loewenson, 2001; Vineis, 2000), insurance, workers’ compensation and other 

forms of social security,46 and taxation, which, ideally, allow reasonable governance.47 Human 

rights are also integral to this debate, but overlooked.48 

                                                 
45 Compare a hypothetical car made in India, by a capital-poor, comparatively unproductive workforce of 
1000 people, costing $10,000 on the international market with an car of identical quality made in the US, by a 
far more productive workforce of only 10 people. After accounting for the costs of capital (such as robots) 
that enhance the productivity of the US workforce, it is uncertain that that the US workers will produce more 
value per person. Many input costs, such as rent of the factory space and the cost of electricity will be lower 
in India. In reality, the price of labour will be largely determined by supply and demand. 
46 Take for example, the cost of producing shoes in a Chinese factory, where workers are forced to work 16 
hour days for 29 days a month, with no overtime rates or opportunity to legally organise trade unions, where 
toilet breaks are monitored, and where illiterate workers, living in on-site dormitories, have their travel passes 
held by their employer. The factory is likely to be poorly constructed, with minimal attention to safety; 
injured workers have no recourse to proper compensation or even to litigation. Clearly the labour costs of this 
workforce will be lower than that of a unionised, protected workforce in Australia, working 8 hour days. 
Proponents of PPP theory assert that relative PPP adjusted incomes are the best measures of the relative well-
being of these populations, but this ignores the hardship and risk disproportionately borne by the most 
vulnerable.  
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There are a number of other problems which complicate accurate calculation of PPP 

adjusted incomes, including the index number problem (Dowrick and Quiggin, 1997)49 and 

adjusting for different qualities of goods and services in different countries.50 

FX versus PPP: The concept of “international purchasing power” 

Melchior et al (2000) and Firebaugh (2000), both advocates of the use of PPP adjusted 

income to measure global income distribution, claim widespread support exists for this 

measure. Melchior et al (2000: 3) discuss a recent defence of the UNDP’s preference for FX 

measures (for estimating global income distribution) following criticism by Castles (UNDP, 

2000). 

“The UNDP has defended its method by referring to quality problems related to 

PPP data, and with some less clear arguments telling that the dollar value of a 

county’s income is more relevant for studying the marginalisation of poor countries 

in world trade and their power in international negotiations... wages and hotel 

prices in Geneva are even referred to as arguments for using income data that are 

not adjusted for purchasing power differences.51 This would certainly be relevant  

                                                                                                                                                     
47 Governance is a complex, interacting product of national and government income, history, foreign aid and 
alliances, domestic education, legal and institutional standards, natural disasters, conflict, culture, civil 
society, administrative skill, corruption and so on. 
48 The clearest example of human rights abuse and domestic purchasing power involve workers who are 
enslaved. Bales (1999) estimates, conservatively, a global population of 29 million enslaved and indentured 
workers and provides detailed case studies of brick makers in India, water carriers in Mauritania and charcoal 
makers in Brazil. In each of these countries, the purchasing power of the non-enslaved population is boosted 
by an amount proportional to the extent to which the enslaved population contributes to the economy. The 
purchasing power of populations living in countries that have no slaves (such as Australia) is also increased 
by offshore slave labour, to the extent that such populations are connected by trade. It has been argued that 
populations of high-income countries benefit extensively from slavery and semi-slavery, because such 
populations import goods produced by enslaved or exploited labour in many nations (Brecher and Costello, 
1994; Greider, 1997; Korten, 1995). 
49 Also called substitution bias. This bias leads to an under- or over-estimate of convergence, depending on 
whether the baseline (index) country is comparatively wealthy or poor. Dowrick and Quiggin (1997) argue 
that because the Penn tables use the US as their baseline economy this means that the dispersion of income 
levels is likely to be underestimated in one year (reducing global income inequality). The trend may also be 
affected, in the opposite direction.  
50 Consider the apparently straightforward issue of the cost of raw vegetables. Though a commentary on the 
ICP claims that “deviations from this a-potato-is-a-potato rule were permitted only infrequently” (Kravis et 
al., 1982: 31) the possibility that raw vegetables may be contaminated by harmful micro-organisms is not 
considered. Comparing the safety, reliability and punctuality of a train journey, or the value of medical 
service is even more complex. Korzeniewicz and Moran (2000) point out that the Penn workers assume that 
the productivity of individuals providing services (though not goods) is identical in all countries. They argue 
this is unrealistic, given differences in training and access to equipment, and that that this tends to exaggerate 
convergence between FX and PPP incomes. Bhagwati (1984) also questions this assumption. 
51 The UNDP wrote: "As with many other statistical matters, there is no one correct answer. Which is the best 
statistic depends on the question being asked. ... for assessing marginalization of countries, GDP (US$) is 
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Factor  Effect  Factor Effect 

low FX-income economy high FX-income economy 

lower productivity 

(putative)  

reduced individual 

income 

higher productivity 

(putative)  

increased individual 

income 

Supply & demand reduced individual 

income, generally for 

lower skilled  

supply and demand higher individual 

income (better skilled) 

low domestic input 

prices 

increased average 

purchasing power  

high input prices reduced purchasing 

power 

high input costs of 

imports from high 

FX countries 

reduced average 

purchasing power 

low input costs of 

imports from low FX 

countries 

increased average 

purchasing power 

reduced inflation 

excessive working 

hours (no overtime 

rate) 

increased average 

purchasing power 

Overtime paid variable (depends on 

rate) 

low tax, social 

security  

increased purchasing 

power but reduced 

“genuine” income 

high tax, social 

security 

reduced purchasing 

power, higher 

“genuine” income 

unsafe, uninsured 

working condition 

(with no recourse) 

as above safer working 

conditions 

as above 

 

Table 5.2 Factors which influence individual and average incomes and purchasing 

power in low and high FX economies. “Genuine” income refers to income adjusted for 

externalities such as clean water, governance, social security and workers compensation. 

The low FX cost of goods imported to and consumed in high FX-income economies must 

reduce inflation in these economies. 

                                                                                                                                                     
often more appropriate. … For instance, the reason why more than a dozen of the poorest countries are not 
even represented in the main negotiations of the WTO, directly relates to the cost of maintaining a mission in 
Geneva, where the main negotiations take place. The costs of hotels and salaries in Geneva, I need hardly add, 
must be paid in Swiss francs, not in PPP$ dollars' (UNDP, 2000). 
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for an analysis of negotiation capacity in the WTO, but hardly for international 

comparisons of welfare” (Melchior et al (2000: 3) (emphases added). 

This quote suggests tentative support by these authors for the argument that FX 

income is superior to PPP adjusted income at least as a measure of international influence, or 

international purchasing power. Wade (2001a) also makes this point, as do Korzeniewicz and 

Moran (1997; 2000) and Dowrick and Akmal (2001). The UNDP’s response to Castles can 

also be interpreted as supporting this opinion. This view is supported by a number of other 

strands of evidence that suggest that FX measures are accorded a premium beyond that 

recognised by advocates of PPP adjusted incomes as the sole measure of global inequality.  

Use of FX measures allows disproportionate weighting to be given to a number of 

Northern – high FX-income – countries in a number of influential political and economic 

organisations. The Commission on Global Governance has suggested - so far unsuccessfully - 

that voting strength in international fora should reflect PPP adjusted national income (Deacon, 

1999: 241). Such suggestions are likely to be opposed by high FX income countries, because 

this suggestion would reduce their influence. 

Voting power in the World Bank is proportional to the size of a nation’s economy 

relative to the world economy, in FX terms.52 The World Bank has also noted that while PPP 

based data "have been used widely in the academic world, they have been little used in policy 

decisions" (World Bank, 1993: 16). Income levels required to qualify for concessionary loans 

are determined in FX terms. Voting in some international fora, such as the General Assembly 

of the United Nations53 and international sporting bodies, give theoretically equal rights to all 

member states, but in reality the influence of countries in these for a is more proportional to 

their total FX incomes than to their total PPP adjusted incomes. 

                                                 
52 The US wields 17% of the vote, effectively giving it the power of veto to any changes in the bank's capital 
base and articles of agreement, for which 85% of the vote is needed. The G7 countries (Canada, France, 
Germany, Italy, Japan, United Kingdom, and United States) control 45% of the votes (Abbasi, 1999b).  
53 Administrative fees levied on UN members must be paid in international currency, and have been more 
proportional to national incomes in FX than PPP terms. For example, for the budget of 1984-5 the US was 
required to fund 25% of the total cost, with another 17 members contributing more than 1%. China’s 
contribution was 1.6%, and India’s was less than 1% (Osmañczyk, 1990). As with the WTO, the UN general 
assembly meetings are held in a country with a high price structure, with no PPP discounts given to delegates 
from low FX income countries. The cost of sending and maintaining UN delegations from low-income 
countries is better measured in FX terms. All major decisions of the UN are subject to veto by any of the five 
permanent members of the UN Security Council, of whom all are major nuclear powers, and three are major 
economic powers in FX terms. Thus, these countries have disproportionate power in the UN. 
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The governing, diplomatic, scientific, administrative and other educated populations of 

many low-income countries increasingly identify with their international counterparts, and 

increasingly aspire to travel and participate in a globalising culture. This group, in theory, is 

also the section most likely to be able to effectively increase international awareness of their 

national situation.54 Such workers, if they are able to obtain a passport and visa, will not be 

advantaged by an artificially depressed domestic FX rate. If they wish to travel or study in a 

foreign country they are, of course, paid in their local currency and receive no PPP premium if 

they travel.55 Consequently, travel from low-FX income to high-FX income countries is 

uncommon, apart from small elite populations.56  

Travel in the reverse direction, even by comparatively unskilled workers, has become 

commonplace. In most cases, tourists from high-FX income countries are economically 

segregated from the ordinary populations of low-FX income countries, with most interaction 

confined to servants, tourist guides and the like. This reduces the networks of relationships and 

friendships that might otherwise ensue, and which may enable increased understanding and 

reduced international inequality.57 Comparing the well-being of populations solely in PPP 

adjusted terms thus substantially overstates the ability of such populations to compete 

economically on an international basis. 

 

 

 

                                                 
54 George Orwell wrote: “Indifference to objective truth is encouraged by the sealing off of one part of the 
world from another, which makes it harder and harder to discover what is actually happening” (Cohen, 2001: 
v). 
55 “Guest workers” are a partial exception to the general inability of the poor to travel. Economic incentives 
lure such workers to higher income countries (sometimes fares are provided), where, though poorly paid in 
local terms, they can often remit some of their (FX) earnings to relatives in the lower income country. Such 
workers forego their families, culture and often a degree of their human rights for a greater FX income. In 
terms of supply, demand and market efficiency, the system seems to work well, but is predicated upon the 
maintenance of sufficient inequality to drive continued emigration. Wage pressure – especially for those 
involved in comparatively low-skilled occupations – is depressed in both low and high FX income countries 
because of the relative oversupply of labour in poor countries, and the trickle of such labour to high FX 
income countries. 
56 Many such workers are likely to feel resentful of their low FX incomes when comparing their education and 
levels of responsibility to peers in high-FX-income countries. This is likely to contribute to the brain drain of 
professionals from low to high FX-income countries. Resentment may also be used by officials to partially 
justify the pervasive official and business corruption in low-FX income countries. Although these workers 
will earn higher PPP incomes than suggested by their FX income, the basket of goods and services that they 
aspire to is likely to be significantly more internationalised than the average consumer in their country. 
57 Indeed, interaction between comparatively poor, generally young “backpackers” and the populations of 
many low-income countries has undoubtedly been an important factor in the maintenance of foreign aid, and 
the support of many Northern NGOs, such as the Jubilee coalition.  
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Studies of global income distribution, adjusted for national income distribution 

Estimates of global income distribution, even if consistently based on 100% of the 

global population, will underestimate inequality if they fail to account for national income 

distribution, even though inter-country income differences are the major factor in the 

determination of global inequality (Korzeniewicz and Moran, 1997; Stewart and Berry, 1999). 

Six analyses of global income distribution (measured as a Gini coefficient58) that have made 

adjustments for national income distribution were identified. Of these, five used PPP adjusted 

units (Berry et al., 1983; Grosh and Nafziger, 1986; Milanovic, 1999; 2002;59 Stewart and 

Berry, 1999; Whalley, 1979) while Korzeniewicz and Moran (1997) restricted their analysis to 

FX units (see figure 5.2 and appendix three). 

Whalley (1979), using national income distribution data for 81 countries, calculated 

the average PPP adjusted incomes for each decile for each country with national income 

distribution data, and estimated national income distribution for the other countries.60 Whalley 

thus divided the global population into more than a thousand quantiles.61 Berry et al (1983) 

incorporated national income distribution in an analysis of the trend of global income 

distribution (PPP adjusted) between 1950 and 1977.62 They reported, using simulation 

exercises, that incorporating changes in the national income distribution would result in no 

significant change in the trend of global income distribution for this period.63 Consequently 

their final result64 assumed national income distributions were held constant at the level 

estimated for 1970. 

                                                 
58 This is the oldest and most commonly used measure of inequality, which can vary between 0% (all income 
distributed perfectly equally and 100% - all income concentrated in one person. The Gini coefficients for 
nations range from about 20% to slightly over 60%. 
59 Most of my analysis of Milanovic’s study is based on his earlier study, an internal World Bank publication, 
accessible on the internet. Preliminary analysis of his recently published paper, particularly in regard to its 
conclusions and to its presentation of Indian data has not found any substantial difference. 
60 He used two assumptions, resulting in final global Gini coefficients of .649 and .653 respectively. 
61 Strictly, a quantile could be any fraction. However, I use the term to mean either a decile or quintile. 
62 Most per capita GNP data were extracted from World Tables produced by the World Bank. Data in local 
currencies were converted to a PPP equivalent using PPP indices estimated by Kravis et al (1978). While the 
fraction of the global population studied is not revealed it appears to have been fairly large. The authors 
compared “world inequality excluding socialist countries” with “world inequality”. The latter included China, 
and presumably the USSR and at least some other socialist countries. Population and income data for a 
number of countries for the period 1950-5 were estimated by the authors (p. 334); presumably therefore, no 
major populous country was omitted. 
63 Berry et al (1983) simplified Whalley’s method, dividing the world into approximately one hundred 
brackets, none of which contained more than 2% of the global population. 
64 They concluded, using a variety of indicators, that global income distribution improved during the 1950s, 
but then became less equal in the 1960s, in large part because of disastrous events in China: the famine (Smil, 
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Stewart and Berry (1999) estimated global income distribution (PPP adjusted) in 1980 

and 1990. They found evidence of deteriorating (more unequal) national income distribution 

in many countries, both wealthy and poor, in the 1980s. They concluded that these increases 

largely countered a simultaneous trend towards international income convergence. They 

reported that the global Gini coefficient (PPP adjusted), adjusted for national income 

distribution (1980 estimate) fell from 65% in 1980 to 61% in 1990.65 After accounting for 

increasing national income inequality over the same period, they reported that the global Gini 

(PPP adjusted) for 1990 had barely changed, to 64%.66 

Grosh and Nafziger (1986) also estimated global income distribution (PPP adjusted) 

for 1970.67 They used individual national income distribution to calculate a Gini coefficient for 

117 nations of 67%.68 Average PPP adjusted income data were available for all but 16 socialist 

economies. For these cases average FX incomes were converted to PPP adjusted incomes by 

use of estimated Kravis coefficients, calculated by assuming that the relationship between FX 

and PPP adjusted incomes for non-socialist countries applied for socialist economies. When 

these countries were included the global Gini coefficient (PPP adjusted) fell to 64%, similar to 

Whalley’s result for 1972 (65%). 

Milanovic (1999; 2002) analysed global income distribution in both FX and PPP 

adjusted terms for 1988 and 1993. The author comments that his privileged position in the 

World Bank provided unprecedented access to an extensive dataset of national income 

distributions.69 Both studies, consistent with others, report an increase in FX inequality, 

                                                                                                                                                     
1999), the failure of the Great Leap Forward, and the cultural revolution. Overall, they found little difference 
in global income distribution between the two endpoints of their analysis, the Gini coefficient starting and 
ending at about 68%. They estimated the least global income inequality occurred in about 1960, when the 
Gini coefficient fell to about 67%. 
65 The text and table used in the actual published paper are erroneous – the figures discussed here are based on 
correspondence with Professor Berry (see appendix seven). 
66 There are a number of limitations of this study. No data were provided regarding the percentage of the 
global population analysed for either year, and their analysis was based on regional economic performance 
and population growth rates averaged for the decade 1980-90. The accuracy and comprehensiveness of their 
national income distribution data is also unclear. By their own assessment their estimate is “rough” (p 184). 
However, although the method and data sources are different, the magnitude and trend of global income 
distribution (PPP) for this decade is similar to that found in most other studies. 
67 They used available national income distributions for 75 countries to estimate income distributions (by 
decile) for the remaining 42 without national income distribution data. The resulting 1170 deciles were then 
ranked by ascending income, and used to estimate the percentage of the global income received by ten 
deciles, each of 360 million people. 
68 This excluded China, Vietnam and other “centrally planned economies”. Their figure is very close to that 
found by Berry et al for “world inequality excluding socialist countries” for 1970.  
69 National income distribution data are available for 101 and 119 countries for 1988 and 1993 respectively. 
Several of the countries analysed in 1988 were, at the time, part of the USSR. These data are based on 216 
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however, in contrast to other studies and to my own work (see chapter six), Milanovic found 

that the global Gini coefficient (PPP adjusted) had also increased over this period. 

Although the subset of the global population analysed in each year in Milanovic's 

study was different, both as countries70 and a percentage of the global population this is 

unlikely to explain this result. Despite the finer resolution of national income distribution data, 

the absolute estimates of global income distribution were similar to the other studies. This is 

unsurprising, given that changes in national income distribution accounted for only about 25% 

of total inequality, and most of this is probably accounted for by the national income 

distribution estimates used in the other studies, even if crude compared to Milanovic's data. 

The comparatively minor difference in most estimates of the global income 

distribution (PPP adjusted) adjusted for national income distribution is probably mainly 

attributable to slight differences in terms of the number of countries analysed and the 

percentage of the global population included. These differences seem insufficient to explain 

Milanovic’s result.71 Despite the finer resolution of national income distribution data used by 

Milanovic, the absolute estimates of global income distribution were similar to the other 

studies. 

Perhaps of more significance is the difference found between the results of the two 

studies that involved Berry. The method used for these studies was similar, but the later study 

found considerably lower inequality in 1980, compared to 1977 (see figure 5.2). This may 

have been because a different PPP adjusted dataset was used. This issue will be returned to in 

the next chapter. 

                                                                                                                                                     
surveys, with an average of 10.8 data points in 1988 and 11.4 data points in 1993. Only 12 surveys contained 
5 data points (national income distribution data aggregated at national quintile levels). 
70 91 countries were common to both years. 
71 An important discrepancy exists between the data Milanovic and I used for India, which I believe resulted 
in a severe overestimate of the Indian income for 1988. Milanovic’s data showed an 11% fall in the Indian 
PPP adjusted per capita income between 1988 and 1993, while my data (from the World Bank) showed 
increases in PPP adjusted income of 10% (constant) and 26% (current). Both data sets showed a decline in 
per capita FX income, but this was far larger in Milanovic’s data. A discrepancy in the years of the urban and 
rural population used for the 1993 analysis introduces a further, but trivial error that I have not corrected for. 
Because of its large population the decreased per capita PPP adjusted Indian income is probably sufficient to 
largely explain the increase in the final global Gini coefficient. My analysis of Milanovic’s raw data show an 
increase in the average Indian income in local currency in this period of 30%, but a devaluation so large that 
the FX income declined by an unlikely 40%. The Kravis coefficient (derived from table six in Milanovic’s 
2002 paper) increased from 2.9 to 4.4, a steeper increase than my own estimate of 4 to 5.3 for the similar 
period 1988-1992 (see table 5.11). The author, in correspondence expressed a degree of puzzlement 
concerning these data – I do not dispute that his broad findings are likely to be correct given these data (see 
appendix six). In both papers Milanovic points out that the Indian data are curious. Analysis with a finer 
resolution may cast further light on the plausibility or otherwise of these data. Milanovic’s paper is already 
being cited in the lay literature (Elliott, 2002a). 
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 While neither FX or PPP incomes are ideal proxies for well-being, both are 

theoretically valuable, assuming measurement difficulties can be reasonably overcome. 

PPP-adjusted incomes, if accurately measured, more usefully reflect the genuine 

domestic purchasing power of monetised goods and services than do FX incomes, 

despite possible Eurocentric flaws used in their calculation.  

In contrast, the ability of individuals to participate in the international 

monetised economy is better reflected by FX than PPP income. This reflects their ability 

to consume internationally traded goods and services and goods with high international 

status. High-FX-income economies are also better able to attract and retrain highly-

skilled workers, who in turn, are likely to increase or retain further technological, 

infrastructural and economic advantage in the high-FX-income economy. 

It is also argued that FX income is a superior proxy measure of global political 

influence than PPP income. However, either indicator should, in theory, follow a similar 

trajectory, assuming the market that ultimately determines relative FX prices operates 

rationally. The disparity between the two trends has received little attention. 
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Figure 5.2 Five studies of global income distribution (PPP) adjusted for national 

income distribution 

The percentage of the global population included in each study is comparable. With one 

exception (Milanovic, 1999; 2002) the differences in the Gini coefficient are very small (in 

comparison to the differences in FX global income distribution), and do not convincingly 

suggest any trend. Note that the Gini coefficients are several points higher than shown in 

appendix three. This is because the data have been adjusted for national income distribution. 

The different results of the two studies involving Berry are of interest, because the 

methodology was similar. The difference found between 1977 (when the earlier study ends) 

and 1980 (when the later study starts) is implausible, and is probably explained by the use of 

different data sources for the PPP adjusted incomes (that is they would be based on different 

versions of the Penn World Table). The study by Milanovic uses data that shows a large, 

implausible, deterioration in the average per capita PPP adjusted income for India in 1993 

compared to 1988. Because the Indian population is so large this may explain most of the 

deterioration in global income distribution that Milanovic finds (see appendix six).  
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The significance of an altered Kravis coefficient 

Melchior et al (2000) reviewed eleven studies of global income distribution, 

unadjusted for national income distribution (see appendix three). Four used FX units, and the 

remaining seven used PPP adjusted units. With the exception of the study by Milanovic (1999; 

2002), the PPP and FX adjusted studies clearly show a pattern of diverging FX global income 

distributions and convergent, or static PPP adjusted global income distributions. If the FX and, 

especially, the PPP adjusted data are accurate – an issue explored further in chapter six – then 

this implies that the average Kravis coefficient for several, and perhaps many, countries must 

have changed substantially over time. In general, the Kravis coefficients for poor countries 

must have increased, to compensate for the comparative decline in FX incomes of countries 

such as India and China, at least in the decades before the mid 1990s (see chapter six). 

No previous analyst has made this conclusion. Most analysts have used only a single 

indicator (PPP or FX adjusted). Melchior et al (2000) argued in favour of the PPP indicator, 

and did not comment on the implications of the diverging trends. An exception to this general 

(partisan) rule is an unpublished paper by Dowrick and Akmal (2001). This argues that both 

FX and PPP adjusted measures are biased, so that the true trend of global income distribution 

is essentially static for both indicators. 

However, if the divergence in trend between the FX and PPP adjusted measures of 

global income distribution is accurate, as implied by both the existing studies reviewed by 

Melchior (discounting Milanovic) and my own studies, presented in the next chapter, then it 

has important implications for the global economy. Any divergence in trend between the FX 

and PPP adjusted measures of global income distribution may even reflect and illustrate forces 

that help to perpetuate global inequality. To try to explain this, consider the following 

example. 

Assume that an individual in India is loaned US$100 in 1974. At that time, because the 

Indian Kravis coefficient was about 2.6, US$100 will purchase 260 international dollars worth 

of local goods and services.72 Assume that repayment is required in 1992, when the Kravis 

                                                 
72 The World Bank used international dollars to describe the purchasing power of a given number of US$ in 
different nations. International dollars equal US$ multiplied by the Kravis coefficient. For example, if the KC 
for a country is two, then US$100 will purchase 200 international dollars worth of goods and services in that 
country, but only 100 international dollars worth of goods and services in a country with a KC close to one, 
such as the USA or Australia. The KC for India in 1974 was about 2.6 (also see figures 5.11 and 5.12). 
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coefficient for India had increased to 5.3 (see figure 5.11). Assuming an interest rate of 5% per 

annum, the required repayment in 1992 is US$241.73 However, to obtain this amount through 

the sale of goods and services locally produced in India will, in 1992, require 5.3*US$241, or 

1277 international dollars. The effective annual interest rate is not 5% but slightly over 9%. In 

other words, in this case, the rising Kravis coefficient implies a hidden interest rate of an 

additional 4%.  

On the other hand, if the Kravis coefficient declines, then its result is a disguised 

subsidy. 

 Algebraically, this can be expressed as follows: 

[5.1] Loan = KC0*x 

[5.2] Repayment = KCt*x(1+r)t 

 

Where subscript (t) equals time in years, KC is Kravis coefficient and r = interest rate 

as a percentage. 

 

If KC0 ≠ KCt then the change (D) in the originally anticipated repayment will be 

 

[5.3] D = [KCt*x(1+r)t]-[KC0*x(1+r)t]  

 

This may be negative or positive, depending on whether the Kravis coefficient 

increases or decreases. The relationship between the different Kravis coefficients can be 

expressed simply: 

 

[5.4] KC(t) = KC(0) *a 

[5.5] If a>1 then D > 0 

 

where a = KC(t) / KC(0) 

 

                                                 
73 100*(1 + .05)18 
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In other words, a rising Kravis coefficient represents a hidden interest charge, while a 

declining Kravis coefficient represents a hidden subsidy. Other factors, such as increased 

monetisation of an economy (that is reduced barter and subsistence production) may possibly 

change the Kravis coefficients, especially of low-income countries with large barter and 

subsistence economies. This will generate the appearance of economic growth, even if no 

change to total output occurs.74 The level of barter and subsistence in a country that is 

becoming more integrated into the global economy may decline. However, for this to be a 

significant explanatory factor in the divergence of Kravis coefficients, it would be necessary to 

explain how increased monetisation could increase the PPP economy at a different rate to the 

FX economy. Because the PPP economy is calculated from the annual FX accounts, this does 

not seem very likely. 

Demographic factors in explaining changing global income distribution 

In the last few decades the developed countries of the North have largely passed 

through the demographic transition. Most population growth has recently occurred in the 

South, which now has a far lower average age than the North. Though retired and disabled 

populations in the North are likely to be proportionally larger than in the South this increase in 

the non-economically productive population is unlikely to be as large as the increased non-

productive population in the South.75 In other words, demographic factors suggest that, even if 

the average income of every working adult in the world had remained constant in the last four 

decades, the global income distribution should have become more unequal. 

Furthermore, even if the age structures of all countries had remained identical, a 

greater proportion of the global population now live in low-income countries than a generation 

ago. Both factors suggest, a priori, that global income distribution should have become more 

unequal. 

Few authors discuss this. One who does is Summers (1995).76 He presents a rough 

analysis of global income distribution (PPP adjusted) using the concept of “equivalent adults”. 

He adjusts average national incomes by dividing the total GNP not by national populations, 

                                                 
74 Neither FX or PPP incomes attempt to formally include barter and home production; but instead are related 
to the total measured value of good and services in an economy. 
75 Even though the proportion of children and young adults employed in poor countries is likely to be greater 
than in high-income countries. 
76 Another is Milanovic (2001). 
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but a smaller figure, proportional to the estimated adult population. This tends to increase the 

average income in populous poor countries with low average ages, and thus reduces global 

inequality. 

If this principle were to be adopted it would require considerably more work, 

incorporating time series data of the age structure for each country included in the analysis. It 

would also lead to debate about the relative weighting of children and elderly at different ages. 

In terms of the main argument presented in this thesis, the distribution of global influence, a 

comparatively young population is likely to have less influence than an older population. Were 

Summers’ argument about equivalent adults accepted, then the main argument of this thesis 

could be rephrased as a comparatively older, and more powerful, population is prepared to 

countenance environmental brinkmanship and critical global environmental change because 

disproportionate risk is faced by the comparatively young and poor. 

Another demographic factor to consider is the lifetime distribution of income. Here, 

the above arguments above are reversed. Because, despite convergence77 life expectancy 

remains proportional to income, the lifetime income in high-income countries is higher than in 

low FX income countries, than indicated by average annual incomes. Were this considered, 

global income distribution would be more unequal than the above studies have found. One 

study has considered this issue at a national level (Blomquist, 1981), but none, it seems, at a 

global level. 

Conclusion 

This chapter has summarised attempts by economists, development workers and global 

institutions to promote a more equal global economy in the years following WW II, and 

concluded that these attempts have been largely unsuccessful, especially in sub-Saharan 

Africa. It has also critically discussed a large and growing literature that attempts to quantitate 

global income inequality. 

Numerous reasons to prefer FX measures as an indicator of global political and 

economic influence, in comparison to PPP adjusted measures have been presented. The most 

important of these is that loans are invariably made and repaid in internationally traded 

                                                 
77 The convergence in life expectancy has been used to support claims that global income distribution is also 
becoming more convergent, just as is convergence in literacy (Melchior et al., 2000). Both arguments are 
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currencies, and it this income measure that reflects, far more accurately than do PPP adjusted 

incomes, the ability of populations to influence distant populations.  

Using either indicator, the global distribution of income remains extremely unequal. 

The trend of global income distribution in FX terms has been divergent, consistent with 

known demographic trends, ignoring arguments about age weighting, but the trend using PPP 

adjusted income has been comparatively static or convergent. Several theoretical foundations 

of PPP theory have been questioned, arguing not only that they rely too extensively on 

extrapolation, but also are flawed by several “Eurocentric” assumptions. Though agreeing that 

PPP adjusted measures are more valid than FX measures at estimating national levels of the 

capacity for populations to consume a range of goods and services, it is argued that their 

uncritical adoption disguises the exploitation and vulnerability of the poorest and least 

powerful fraction of the global population. Far more theoretical work would be needed to 

generate tables of “genuine” incomes that would account for merit goods. 

Finally, it has been suggested that the changing Kravis coefficient implied by the 

different trends in the FX and PPP adjusted global income distribution may represent a 

hitherto unrecognised form of interest or subsidy. If the trend is predominantly towards a 

hidden interest imposed on low-income countries, then this may both reflect and help to 

perpetuate global income inequality. 

The next chapter describes the method and presents the results of four time series 

studies of global income distribution, adjusted for national income distribution, using both FX 

and PPP adjusted measures, for the period 1964-1999.78 These build on the existing literature, 

largely confirm the conclusions presented here, but cast further doubt on the accuracy of PPP 

adjusted measures of global income distribution. 

                                                                                                                                                     
fallacious. The marginal difficulty of extending life expectancy increases with age; literacy in many 
developed countries approached 100% decades ago, and thus could not increase. 
78 Calculated as part of my thesis, and not previously published. 
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Chapter six: Four studies of global income distribution 

Abstract 

This chapter presents, for the first time, four time series studies of global income 

distribution (GID) adjusted for national income distribution. All studies assume, conservatively, 

that national income distributions remained constant. One study uses foreign exchange (FX) 

adjusted income; the others use purchasing power parity (PPP adjusted) income, in constant and 

current units. The FX study found the global Gini coefficient increased from 71% in 1964 to a 

maximum of 80% in 1995, before falling to 79% in 1999. 

Data for two PPP adjusted studies were obtained from the World Bank; the third used data 

from the Penn World tables. The trend of all PPP adjusted GID studies differed from that of the FX 

GID trend, consistent with findings of most other investigators. 

The main reason for the recent decline in global inequality (FX) is that several populous 

nations, especially China and India, have grown faster than the global average. Implications of the 

differing trends in GID are also discussed. 



Chapter six: Four studies of global income distribution 

228 

Introduction 

The previous chapter discussed some of the quantitative evidence that suggests that the 

global distribution of power and income has become more unequal in recent decades. It also 

introduced the concept of income adjusted for purchasing power parity (PPP) and contrasted it 

with exchange adjusted income, known as FX income. It was argued that FX income was a 

superior proxy to PPP adjusted income for the purpose of estimating a population’s ability to 

exercise economic and political influence on distant populations, especially in other countries. 

This is because FX income, unlike PPP adjusted income, more closely reflects an individual or 

a population’s ability to travel internationally, to repay debt, and to participate in international 

decision-making fora. It is therefore argued that exchange adjusted global income inequality is 

the most relevant measure for this thesis. 

This chapter presents four time series studies of global income inequality undertaken 

for this thesis. One study, using FX terms, finds a clear divergence in global income 

distribution, while the three PPP studies show no evidence of such a divergence. However, the 

data are sufficient to show that the relationship between the FX and PPP measures has 

changed over time. This is examined in detail for China and India. It is found that the Kravis 

coefficient1 of the average income for these countries increased substantially during the 1970s 

and 1980s. It is argued that this represents a significant, previously undescribed, form of 

interest, which in this period acted to disadvantage these countries. 

Method 

This chapter presents four time series estimates of annual global income distribution. 

These studies differ from existing studies of GID in several important ways. Firstly, they are 

over a longer time period, and have a finer (annual) resolution than previous GID studies. 

Secondly, the measure of global inequality is partially adjusted for national income 

distribution. Thirdly, the FX analysis consistently includes more than 99% of the global 

population, for each year, and is therefore more comprehensive than existing studies. 

                                                 
1 The ratio of PPP to FX incomes 
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These studies require time series data of national population, income and income 

distribution, for as many countries as possible, for as many years as possible during the period 

of interest (1964-1999). 

Data sources: foreign exchange adjusted global income distribution analysis 1964-

1999 

Population and income data 

National population and per capita foreign exchange adjusted (FX) income data (as 

Gross National Products estimated using the Atlas method2 divided by annual populations) for 

the period 1960-1997 were obtained from the World Development Indicators (WDI) CD 

ROM (World Bank, 1999a). Additional population and FX income data were obtained from 

the series of World Development Reports (WDRs) published by the World Bank between 

1978 and 2000, with data for the period 1976-19993 (World Bank, 1978-2001)4. No data were 

available, from either source, for Taiwan. The WDI refers to countries as they existed at the 

time of publication. Therefore, no data were available from this source for the USSR, 

Czechoslovakia, former Yugoslavia, former Ethiopia5 and East and West Germany. Income 

data for these nations were obtained, where available, from the WDR and where unavailable, 

estimated using a method described below. 

Population data for countries that had fragmented were calculated by summing data for 

their parts, provided in the WDI.6 The populations for East and West Germany, prior to 

unification, were estimated by assuming that the ratio of their populations, compared to their 

combined population remained constant for the period 1964-1976.7 Population data for the 

combined German population for this period were obtained from the WDI. 

Estimates of the annual global population (including Taiwan) at five-yearly intervals 

were obtained from the United Nations Population Division (United Nations Population 

                                                 
2 The Atlas method reduces the impact of exchange rate variations by calculating a synthetic exchange rate 
involving a moving three year average (World Bank, 1999b: 372). 
3 No data were available form this source for 1996. 
4 The World Development Report 2001has data only until 1999. 
5 Eritrea separated from Ethiopia in 1993. 
6 For example, the WDI provides annual population (but not income) data, from 1960, for the individual 
countries that formerly constituted Yugoslavia. 
7 Their populations for 1976-1989 were obtained from the WDRs. 
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Division Department of Economic and Social Affairs, 1995). Estimates for each of the four 

intervening years, between these published estimates, were made by spline interpolation.8 

Data source: national income distribution 

Ideally, national income distribution data would be available at the individual level, 

reflecting annual changes for all countries; but this is impossible. In this study the national 

income distribution data used were obtained from the 1999 WDR. This reported national 

income distribution data for 102 countries, representing 90% of the global population in that 

year. Income data for most countries were provided as the percentage of total national income 

received by each of seven quantiles (the upper and lower two deciles and the intervening three 

quintiles). For eight countries the percentage received by the poorest two deciles were 

aggregated to a single quintile. Appendix eight lists the share of each quantile for countries 

ranked by descending order of quintile ratio (wealthy to poor). The methodology for collecting 

distribution data is described in the WDR. In poorer countries this is usually done through 

surveys of household expenditure, rather than income questionnaires. Since household 

expenditure is never negative, this exaggerates the income of the very poor.9 

Subsequent to completion of the analysis a more comprehensive dataset of national 

income distribution was located, published by the World Bank 

(http://www.worldbank.org/research/growth/absineq.htm). This reports national income 

distribution data for 131 countries (Deininger and Squire, 1996).10 

Earlier estimates of national income distribution are less comprehensive than that 

reported in the 1999 WDR. It was decided that the labour involved in estimating annual 

national income distribution for all countries for all years of the analysis would be beyond the 

scope of this thesis. Instead, the national income distributions reported in the 1999 WDR were 

assumed to apply for all years of the analysis. 

                                                 
8 Estimates for each missing year were adjusted to make the resulting curve, for any ten-year period, as 
smooth as possible. This was considered more realistic than two simpler alternatives, that of assuming an 
equal absolute change between the known five year estimates, or of assuming that the growth rate for a five 
year period remained constant over that period. However, errors introduced by any of these methods would 
still be comparatively unimportant. 
9 For example, many indentured labourers remain permanently in debt, which may increase despite their best 
efforts (Bales, 1999). These populations receive no net income. 
10 Use of these data would refine the existing study, but are unlikely to change the conclusions. 
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The controversy concerning recent trends in national income distribution 

There is conflicting opinion as to whether national income distributions have, on 

average, become more or less unequal in recent decades. Most authors who have considered 

this question have concluded that national income distributions have, on the whole, become 

more unequal. Stewart and Berry (1999) concluded that national income distributions became 

more unequal during the 1980s. Atkinson (1999) reviewed evidence of widened inequality in 

the UK, USA, Eastern Europe and China. Boltho and Toniolo (1999) reported that Li et al., 

(1998) concluded that national income distribution had changed little between 1947-1994 in 

32 of 49 surveyed countries, but that it had become more unequal in former Communist 

countries of eastern Europe. 

On the other hand, Melchior et al., (2000) concluded that the trend of within-country 

inequality was “confusing”. These authors analysed the national income distribution dataset 

provided by Deininger and Squire (1996) for four decades from the 1960s. They state that 

their analysis was population weighted, and concluded that inequality (a) fell in Latin 

America; (b) fell in sub-Saharan Africa during the 1980’s but increased considerably in the 

1990s; (c) increased in Eastern Europe, and (d) changed little in Asia and in rich countries (see 

appendix nine). 

However, elsewhere in their paper Melchior et al., (2000) cite a study by the World 

Bank that found that the Gini coefficient for China had increased from 0.28 to 0.38 between 

1981and 1995. It is difficult to reconcile this marked increase in Chinese inequality (also 

reported by Xu and Zho (2000)11 with Melchior et al’s conclusion that the population-

weighted Gini coefficients for “East Asia and the Pacific” barely changed, rising from about 

0.34 in the 1980s to 0.36 for the 1990s. This is because China’s population accounts for more 

than half the total population of East Asia and the Pacific, and I have no evidence to suggest 

that inequality could have fallen by a sufficient amount in other East Asian countries to 

compensate for the increased Chinese inequality. 

Melchior et al., (2000) did not describe their method of aggregating countries in 

sufficient detail for me to check their work. A subset of the Deininger and Squire dataset, 

selected according to criteria predefined, by Gallup et al., (1998) was analysed, as described 

below. 

                                                 
11 These authors found an even more extreme increase in Chinese inequality, with the Gini coefficient rising 
from 25.7 in 1984 to 37.8 in 1992. 



Chapter six: Four studies of global income distribution 

232 

An analysis of Gallup et al’s analysis of the Deininger and Squire dataset 

Gallup et al., (1998) analysed Deininger and Squire’s data by comparing the annual 

growth in income for the poorest quintile of 60 countries that satisfied certain criteria12 with 

the annual growth of the entire national income. They categorised nations into three groups, 

unweighted for population; in which the share of the poorest quintile was improving,13 static, 

or deteriorating (see appendix ten). They found that the number in each category was 20, 17 

and 23 respectively. 

Weighting the results for population, however,14 shows a marked increase in 

inequality. Almost 50% of the population analysed lived in countries with increasing 

inequality, but only 18% lived in countries with decreasing inequality (see table 5.1).15 Making 

a simple estimate adjustment for the degree of changed inequality suggests an even greater 

shift towards increased national inequality (see table 5.1). 

An “inequality factor” for each nation was estimated, represented by the absolute 

difference between the growth of the total economy and that of the poorest quintile.16 

Multiplying this factor for each country by its population found that 82% of the total product 

was derived from nations classified as having less equal national income distribution, in 

comparison to the 48% found by the unadjusted method (see table 6.1). Although the 

inequality factor is a cruder measure of inequality than the Gini coefficient, this simple 

calculation supports other work that also suggests national income distributions have become 

more unequal in recent years. 

 

                                                 
12 Their analysis was restricted to countries which had the most reliable data and for which serial measures of 
national income distribution over at least a decade were available. 
13 Yugoslavia and Czechoslovakia are included in this category, based upon reduced inequality for the periods 
1978-1990 and 1965-1988. Inequality in these countries has almost certainly increased in recent years, in line 
with the generally increased inequality found in Eastern Europe since the collapse of Communism (Cornia, 
2001). 
14 Gallup et al., (1998) did not do this. 
15 Very few highly populated countries had reduced national inequality, while several populous nations, 
notably China, the USSR, and the US all reported increased inequality. Inequality in China is likely to have 
increased further since 1995, the last survey year in this analysis. Gittings (2000) reports evidence of 
increasing rural poverty in China, including a riot involving up to 20,000 peasants. 
16 For example, between 1980 and 1995, the Chinese economy grew at an average of 4.4% per annum, but the 
poorest quintile only increased by 1%. China was therefore classified by Gallup et al., (1998) as a country 
with increasing inequality. The inequality factor assigned to China was, therefore, 3.4. 
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Classification

 

Number 

of 

countries 

% of 

countries 

analysed 

Population 

(millions) 

♥ 

% of 

population 

analysed 

Inequality 

factor * 

population♠ 

% of 

total 

analysis 

More equalΩ 20 33.3 803 18 9 15 

Little change 17 28.3 1501 34 2 3 

Less equal 23 38.3 2092 48 50 82 

Total 60 100 4396 100 61 100 

Table 6.1 Analysis of national inequality (Deininger and Squire dataset) 

Gallup et al., (1998) grouped Deininger and Squire’s dataset into three, determined by their 

change in inequality. If the poorest quintile grew substantially faster than the country as a 

whole then national income distribution was classified as becoming more equal.Ω Though 

the number of countries in each division is roughly equal, weighting for population shows 

national income distribution became significantly more equal for only 18% of the total 

population analysed, while 48% of the population live in countries that have become more 

unequal. Adjusting for the degree of change in national income distribution suggested an 

even greater trend to increased national income distribution. 82% of this product was 

accounted for by populations living in countries that had become more unequal. More 

details, including Gallup et al's data, are provided in appendix ten. 

Legend 

♥ The dataset refers to many different country years. The population referred to in this 

analysis is synthetic, derived by calculating the sum of national populations for the most 

recent year referred to by the dataset. For example, because the national income distribution 

data for Australia referred to the change between 1990 and 1969, the Australian population 

for 1990 was used. The Chinese national income distribution data referred to 1980 and 

1995; consequently the Chinese population in 1995 was used. 

♠ This is the absolute difference between the change in the annual growth of total income 

and the change for the poorest quintile. For example, between 1980 and 1995, the Chinese 

economy grew by 4.4% pa, but the annual growth of the poorest quintile was only 1%. The 

inequality factor for China was therefore 3.4.  
Ω For four countries the annual income fell. However, national income distribution still 

improved because the share of the poorest quintile either rose, or fell at a lower rate. 
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Cornia’s analysis of national income distribution 

Cornia (2001) performed a similar analysis to Gallup et al., (1998). Cornia used data 

from 73 countries for the period 1950 to the 1990s, selected from a set of 2622 observations, 

both from the Deininger and Squire dataset and an additional 1131 observations from the 

World Institute for Development Economics Research income inequality database.17 In all, 

these data accounted for 80% of the global population. Cornia found that inequality had 

increased in 48 countries, representing 47% of the world population or 59% of the population 

analysed. Inequality declined in only 9 countries, representing only 4% of the global 

population.18 Thus, Cornia’s results (unweighted for the degree of inequality change) suggest a 

trend to increased inequality on an even greater scale than the population-weighted analysis of 

Gallup et al’s data described above. 

The time period covered by Cornia is much longer than that of Gallup et al (1998). 

Cornia further divided countries with increasing inequality into those with “U” shaped trend in 

inequality, and a much smaller group with continuously increasing inequality. Almost all 

(94%) of the population analysed with increasing inequality were classified into the former 

group.19 Although the period of maximum inequality cannot be deduced from these data, and 

is likely to vary between countries, Cornia’s results are consistent with the conclusion that 

national inequality has increased for most of the global population since the 1960s or the 

1970s, and that this may have followed a general decline in inequality in the earlier decade or 

decades. 

In contrast, Dollar (2001) reports a study20 based largely on the Deininger and Squire 

database, with some more recent, supplementary data for 137 countries.21 This study found 

that the income of the poorest quintile grew at a rate similar to that of the total population in 

each country. However, as did Melchior et al (2000), Dollar provides no evidence to suggest 

that this finding was weighted by population. This undermines his claim that there has been no 

                                                 
17 Based on 770 “reliable” observations. 
18 Cornia lists seven of these: France, Honduras, Jamaica, Malaysia, Norway, Philippines and Tunisia. Income 
distribution in Taiwan, excluded from my own study, may also have improved. It is unclear if Taiwan was 
included in Cornia’s study. Gallup’s list is more extensive (see appendix ten). 
19 That is, Cornia found that income distribution became more equal in the earlier period of the analysis, 
before then becoming more unequal. Wolff (1996) also found evidence of a more equal distribution of wealth 
in the US in the 1950s compared to following decades. 
20 Dollar (2001) refers to a report by Dollar and Kraay (2001). My analysis (following) is based on an earlier 
version of this (Dollar and Kraay, 2000). 
21 This dataset includes many countries that failed to satisfy the criteria used by Gallup et al (1998). 
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overall trend to increased national inequality. Indeed, Dollar (2001) also agreed that income 

inequality in the world’s most populous nation, China has increased markedly in recent years. 

Rather than explaining how this could be consistent with no overall increase in inequality, 

Dollar argues this is irrelevant because the number of the rural poor in China decreased from 

250 to 34 million between 1978 and 1999. No citation is provided in support of this claim, 

which contradicts another World Bank study which reported a recent increase in the Chinese 

population living below the poverty line; from fewer than 100 million to well over 300 million 

(Anonymous, 1996b).22 

The growth rate of the poorest quintile in India, the only country with a population 

approaching that of China, was reported by Deininger and Squire (1996) to be similar to the 

total Indian growth rate (see appendix ten). Therefore, if no population-weighted increase in 

inequality for the 137 countries occurred, the average growth rate of the poorest quintile for 

most countries should exceed that of the total population, to compensate for the comparatively 

reduced growth rate for the poorest Chinese quintile. In fact, Dollar and Kraay (2000) reported 

that the “income of the poor has a very tight link with overall incomes”. Clearly, a population-

weighted study would have reached a different conclusion. 

The influence of changing national income distribution upon global income 

distribution 

The debate concerning the trend of national income distribution is, however, 

secondary to that concerning the trend of global income distribution. Analysts who have 

previously considered the implications of changing national income distributions with regard 

to GID, have all agreed that changes in average national incomes are far more influential in 

determining GID than are any changes in national income distribution (Berry et al., 1983; 

Firebaugh, 1999; Korzeniewicz and Moran, 1997, Milanovic, 1999; 2002). I agree with these 

conclusions. 

In theory, national income distributions could converge and yet global income 

distribution became more polarised.23 The converse could also be true. However, the extent of 

any increase in global income inequality will be understated if national inequality has also 

become more unequal and is yet not accounted for. For the purposes of this analysis, it was 

                                                 
22 While The Economist criticised this report (The Economist, 1996b) the contrast is still of concern. 
23 For example, if the growth rate of wealthy populations exceeded that of poor populations by an amount 
sufficient to outweigh the effect of reduced national inequality. 
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assumed, conservatively, that national income distribution remained constant, for the period of 

the analysis, at a level closer to their current level than that estimated (if available) at the start 

of the time series. This is conservative, biasing the result to the null24 (see appendix six). This 

is because the data reviewed above are consistent with the conclusion that national income 

inequality has actually become more unequal.  

A pilot study (Butler and Smith, 1999) did make adjustments for altered national 

income distribution, for the period 1990-1997. Comparisons of the global Gini coefficient, 

calculated by assuming both fixed and changing national income distributions, found minimal 

difference over this comparatively short term. 

Assumptions for countries with missing data 

Missing income data 

Comparison of the WDR and WDI datasets revealed a number of minor discrepancies. 

Numerous minor differences in national income and population data were found, even 

referring to the same country in the same year. In all cases, where available, WDI data were 

preferred. 

The number of countries included in the FX analysis varied between 159 and 211, 

representing between 98.7% and 99.6% of the global population. The first year of the analysis 

was arbitrarily selected as 1964, even though sparse data were available for the period 1960-

1963.25 For the year 1964, 33% of the income data were obtained directly from the WDI 26(see 

figure 6.1). The balance were estimated using the method described below. 

                                                 
24 That is, result in an underestimate, albeit slight, of the scale of any increase in global income inequality. 
25 These data were excluded from the time series analysis because the assumptions required were larger. 
26 This equated to 74 countries in 1964 (see table 5.2). 
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Figure 6.1 Exchange adjusted global income distribution 1964-1999: estimated data 

Between 159 and 212 countries were included in this analysis. The number of countries 

with exact data generally increased. The large increase in 1990 is mainly due to the 

separation of the USSR into 15 states. A different, less complete dataset was used in 1996. 

The sharp increase in the population with exact income data in 1974 and 1980 is due to 

precise data becoming available data for India and China respectively. 

___________________________________________ 
 

In successive World Development Reports (starting in 1978) almost all countries with 

missing income data27 were classified into one of four income categories. These were called 

(by the World Bank) low, low-medium, mid-upper and high. The upper and lower income 

boundaries of the three poorest categories were assigned by the World Bank (see table 5.2).28 

                                                 
27 The World Bank classified a small number of socialist countries separately. These countries were grouped 
into one of the four income categories, based on their category during the years income data were available. 
Most socialist countries were classified into either of the two middle-income categories, but Albania was 
consistently classified as a low-income country. 
28 For example, in 1964, Afghanistan, with an average per capita annual income of US$170 was classified as 
low-income, as was Niger, which in 1964 had an average per capita annual income of US$90. However, St. 
Vincent and the Grenadines, with an average per capita income of US$180, was classified by the World Bank 
in the low-middle category. Albania classified (by the World Bank) as a low-income country, was estimated 
(by me) to have a per capita income of US of US$135 in 1967, mid-way between $50 and $220. 
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The Bank also classified a number of countries in the high-income category, allowing 

estimates to be made of the lower and upper boundary in this category. However the 

boundaries of this category were calculated slightly differently, because the income of the 

wealthiest nation was considered an outlier. 

The upper boundary of the high-income category was calculated as follows.  

[6.1] Upper boundary = N + .75*(P-N) 

Where N equalled the lower boundary of the high-income stratum and P equalled the 

income of the wealthiest country in that year. 

This was done because, from 1975, the incomes of the richest countries increasingly 

diverged from that of the average high-income country. Using these outlying incomes for the 

upper boundary would have systematically inflated the income of countries with estimated 

incomes in the high-income category, therefore exaggerating the final measure of global 

income inequality.29 

Prior to 1976 (when the WDR data started) no World Bank-assigned classifications for 

countries with missing income data were available. To overcome this, synthetic income 

category boundaries were estimated for this earlier period, and then used to calculate estimated 

annual data for countries with missing income data, with a number of minor exceptions.30  

For example, Spain frequently had the lowest income in the high-income category for 

the period 1976-1999. Therefore the income of Spain prior to 1976 (which was recorded by 

the World Bank for each year between 1964-1975) was used as the lower limit of the high-

income category for these years. 

As average incomes increased, so did the average incomes for each category.31 Table 

6.2 lists the income boundaries for each category for each year and the number of countries 

with estimated income in each category (for 1964-1999). 

 

                                                 
29 For a similar reason, between 1964-1966, the annual income of Haiti (US$20 per annum in 1964) was not 
used as the lower boundary of the low-income category. 
30 Oil producing countries (Saudi Arabia, Bahrain and the United Arab Emirates) were classified as upper-
middle income nations, prior to the first oil shock, in 1973 and high-income countries from 1973. However, 
because the populations of these countries is so small, the final GID is insensitive to the choice of income of 
these countries (this was tested using different models).  
31 This pattern did not always occur in the high-income category, because in some years the average income 
of the wealthiest country decreased. 
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year low N low-medium N mid-upper N high N
1964 20 170 32 620 18 1110 15 3381 9
1965 30-180 30 670 18 1230 14 3630 1
1966 30-200 29 740 18 1340 14 3930 1
1967 50-220 25 760 14 1480 13 4120 1
1968 50-240 24 790 13 1490 13 4460 1
1969 60-250 22 820 13 1680 12 4760 1
1970 60-260 21 910 13 1860 12 4960 1
1971 60-290 21 980 13 1940 12 5530 1
1972 60-330 19 1100 13 2110 11 5930 1
1973 70-340 18 1250 13 2370 7 6890 5
1974 80-360 17 1360 13 2580 7 8040 5
1975 100-380 16 1450 14 3100 7 11913 3
1976 120-390 17 1520 12 3180 6 16560 2
1977 120-400 17 1600 10 3230 6 17893 2
1978 120-410 17 1610 10 3360 6 16500 2
1979 120-420 17 1620 10 3380 6 20413 2
1980 120-430 15 1660 10 3690 6 25988 2
1981 120-440 15 1740 10 3780 5 29130 2
1982 120-450 14 1750 7 3800 5 23180 1
1983 120-450 12 1750 5 4530 3 18450 1
1984 120-460 12 1760 5 4950 3 17940 1
1985 120-530 12 1900 5 4960 2 15040 1
1986 130-550 12 1970 6 5250 1 17355 1
1987 150-570 10 2060 4 5410 2 19473 1
1988 150-570 10 2270 4 6820 2 24550 1
1989 150-580 9 2850 5 7420 0 24078 0
1990 80-600 6 2490 13 8300 10 26585 17
1991 80-650 8 2520 10 8000 10 27208 15
1992 60-675 12 2695 15 8355 16 29149 10
1993 90-695 12 2785 13 8625 16 30147 12
1994 80-725 11 2895 13 8955 13 31939 13
1995 80-765 7 3035 9 9385 9 33254 22
1996 150-750 5 3200 4 9280 2 35838 3
1997 90-785 5 3125 6 9655 7 36412 18
1998 100-760 6 3030 8 9360 9 35018 23
1999 100-755 6 2995 5 9265 11 35797 22

Table 6.2 Income categories used to estimate missing income data. Limits (in US$) of 

the low-income range and the upper boundaries of the low-medium, mid-upper and high-

income categories, used to estimate the incomes of countries with missing income data are 

shown. Limits of the three poorest categories, since 1976, were obtained from successive 

editions of the World Development Report. N refers to the number of countries (not 

weighted for population) in each category. The population of such countries is very small 

(even though quite a large number of countries were in this group) the error reduced by the 

above formula is unlikely to be important. 



Chapter six: Four studies of global income distribution 

240 

Missing national income distribution data 

Different methods were tested to estimate national income distribution for countries 

with no available national income distribution data. Little difference was found between them. 

The method selected was one weighted by population. This assumed that the national income 

distribution for countries with missing national income distribution data equalled the 

population-weighted average of all countries with published national income distribution. 

Income distribution data for countries with no recent national income distribution data 

were assumed to equal the population-weighted average of countries with known national 

income distribution. A summary of the country-years for which data were estimated is shown 

in figure 6.1.32 

Three time series estimates of global PPP adjusted income distribution 

Three time series estimate of GID (PPP adjusted) were calculated. Identical population 

and national income distribution data were used as for the FX study, but in contrast to that 

study, no estimates were made of incomes for countries with missing income data.33 

Consequently these studies analysed a smaller and more variable proportion of global 

population (see figures 6.6-6.8). 

PPP adjusted income datasets 

A dataset of national population and national purchasing power parity adjusted 

income, as real Gross Domestic Products (GDP) was obtained from the Penn World Tables 

5.6, from a web site maintained at the University of Toronto.34 This lists data in both current 

and constant (inflation adjusted35) dollars, using two indices.36 Data are available for between 

60 and 152 countries for the period 1950-1992; however there are many data gaps, especially 

in the earliest and most recent years. A subset of these data was selected for analysis during 

the period 1964-1992, using income in current PPP adjusted dollars. 

                                                 
32 For a small number of countries, annual population data were also estimated, by interpolating between 
known populations, making the small simplification that population increments were equal for all country 
years with missing population data.  
33 More extrapolation would have been required than for the FX dataset. The labour involved was not 
considered to be cost-effective. A method could be developed by estimating Kravis coefficients for missing 
country-years and then multiplying these by the known, or in some estimated, FX incomes. 
34 http://datacentre.chass.utoronto.ca:5680/pwt/ 
35 Using 1985 as a baseline 
36 The Chain and Laspeyres index. 
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A second dataset of national PPP adjusted income, in both constant and current PPP 

adjusted (“international”) dollars, again measured as real GDPs, was obtained from a web site 

maintained by the World Bank for the periods 1960-1998 and 1975-1998 respectively.37 

These data were used for two analyses; using constant international dollars for 1960 to 

1998, and current international dollars for 1975-1998. It included between 115 and 170 

countries (83% and 96% of the global population respectively) (see figures 6.7-6.8). No 

current PPP adjusted income data were available from this source for Germany before 

unification in 1991. 

Method 

The same method was used for all four time series studies of annual Gini coefficients. 

National income distribution data were used to calculate the average income (FX and PPP 

adjusted) for each quantile for each country for each year with population and income data. 

Thus, the global population in each year was divided into up to 1,478 quantiles, each with a 

known population and average per capita income.38 These were then ranked in order of 

ascending average per-capita income, using Microsoft Excel on a personal computer. 

Starting with the country name, quantile population and average per capita income for 

each quantile, each table was expanded to nine columns. Additional columns listed the gross 

quantile product (GQP) in US or international (PPP adjusted) dollars, the population and the 

cumulative population of each quantile as percentages of the total population analysed. Also 

calculated were the GQP as a percentage of the total “world”39 product and the cumulative 

GQP as a percentage of the world income. The final column contained estimates of the area 

under the Lorenz curve of each quantile (see appendix eleven and figures 6.2 and 6.3). 

The resulting tables were used to estimate the global Gini coefficient. The first and 

part of the last pages of the table used to calculate the FX Gini coefficient for 1999 are shown 

in appendix eleven.40 The tables can also be used to determine the proportion of global income 

received by any proportion of the global population, and therefore any ratio of percentages, 

such as that of the highest income quintile to the lowest income quintile. 

                                                 
37 (http://www.worldbank.org/research/growth/GDNdata.htm). 
38 The minimum number of quantiles for the FX series was 1105, for the years 1964-1989 inclusive. 
39 As stated, the income is not of the total world, because of the absence of Taiwan and a number of smaller 
states in the FX studies, and a larger and variable number of countries from the PPP analyses. 
40 The full table is not reproduced because it is 30 pages long. 
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Calculation of the global Gini coefficient 

Data in these tables can be used to plot a Lorenz curve (see figures 6.2-6.3), by 

plotting the cumulative population against the cumulative income. 

The Gini coefficient can be computed by using the formula 

 

[6.2] Gini Coefficient = 1-2 ∫ dssL )(   

 

Where L(s) describes the Lorenz curve (Kakwani et al., 1997). 

 

Alternatively, this can be expressed as: 

 

[6.3] Gini coefficient = A/(A+B) 

 

Where A equals the area between the Lorenz curve and the diagonal, and b equals the 

area under the Lorenz curve. The diagonal is the straight line that represents the path that the 

Lorenz curve would follow if income were distributed evenly (see figure 6.2). 

Upper and lower limits of the area beneath the Lorenz curve fall between two limits, as 

shown in figure 6.3. The true area must be between that of the total areas of two histograms, 

each composed of n rectangles, where the base is the population of each quantile, and the 

height the cumulative income of each quantile, both as percentages of the global totals. A 

closer approximation was made by calculating the area of a series of trapezia, as described in 

figure 6.3. Because the area under the curve is divided into such a large number the error 

introduced by this approximation is trivial. 
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Figure 6.2 Lorenz curve: Global exchange adjusted income, 1999 

This shows the global distribution of foreign exchange adjusted income in US dollars. The 

Lorenz curve plots cumulative income against cumulative population, in this example for 

99.5 % of the world population. The Gini coefficient is calculated by determining the area 

between the line of equal distribution and the Lorenz curve as a percentage of the total area 

under the line of equal income distribution [A/(A+B)]. If the Lorenz curve is close to the 

line of equal distribution then A will approach zero, and the Gini coefficient will be very 

small. In 1999 the Gini coefficient was 79.4%. That is, area B equalled 20.6% of the area 

beneath the line of equal distribution. 

 

Lorenz curve
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B 
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Figure 6.3 Method used to estimate Gini coefficient.  

The area under the Lorenz curve (B in figure 5.2) can be approximated by dividing 

it into a large number of trapezia, each bounded by the population as a percentage 

of the total analysed (En) and the cumulative income of the quantile H(n) and the 

previous quantile H(n-1). The true area under the Lorenz curve must be greater than 

the sum of the rectangles adfe, but less than the sum of the rectangles bcef. In 

practice, the area was estimated as the sum of trapezoids I(n) (acef). Because the 

area was divided into so many fragments (greater than 1100 for all of the FX 

analyses) the error introduced by this approximation is trivial. 

The area under the Lorenz curve was estimated as ∑
n

I
1

, where 

In =En*{H(n) +0.5*[H(n+1)-H(n)]} 
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Data checks 

Many errors in the tables used to calculate the final Gini coefficients were detected and 

corrected by comparing the final total population and incomes with the total population and 

income of the raw data. Graphical representation of the data, in many forms, also enabled 

detection and correction of errors. Most raw data were directly entered from either the www 

sites, or from the CD ROM. Manually entered data were double-checked. 

Data for nations with published income distribution data were checked to ensure that 

the sum for all published quantiles was 100%. Where the sum differed from 100%, because of 

rounding errors, individual quantile percentages were re-calculated so that they did sum to 

100%. Because of the large number of calculations involved it is possible that a small number 

of residual errors remain. However, these are unlikely to be significant, especially in 

comparison to the imprecision of most of the raw data. 
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Results 

Exchange adjusted global income distribution 

The trend of global inequality using current FX income, based on data for more than 

99% of the global population in each year for 1964-1999, was strongly divergent. The global 

Gini coefficient increased from 71% in 1964 to 80% in 1997, before falling slightly to 79% in 

1999 (see figure 6.4). 

Table 6.3 summarises the global population, world product, average current FX 

income and FX Gini coefficients for 1964-1999. Both the average and total global income 

peaked in 1996. This is implausible, recalling the data are not corrected for inflation.41 Instead, 

this suggests an error in the raw data, and casts doubt on the validity of the improvement in the 

global Gini coefficient first shown in 1996. The dataset used for analysis in 1996 had fewer 

countries, but still included 99.1% of the global population, compared to 99.4% and 99.6% in 

1995 and 1997 respectively. 

The reduced FX Gini coefficient since 1995 appears to be mainly because of the 

comparatively improved per capita FX income for a number of very populous poor (FX) 

countries, including China, India, Bangladesh and Indonesia. The improved position for 

Indonesia was reversed in 1998, following the Asian economic crisis that had particularly 

severe effects on that country (see figure 6.5), but this alone is unlikely to be sufficient to force 

the global Gini coefficient back to its the level of 1995. However the fall in average per capita 

Indonesian income may be the most powerful explanation for the slight increase in global 

income inequality that occurred in 1998 (see figure 6.4). 

 

 

                                                 
41 The extensive financial crisis that centred on many Asian countries in 1997 and 1998, and also included 
Russia and Brazil, may have depressed average income in these years, but it is most unlikely that total global 
FX income for 1997-1999 (when the financial crisis had largely passed, apart from in Indonesia) would not 
have recovered to its 1996 level. 



Chapter six: Four studies of global income distribution 

247 

 

 

70

74

78

82

1964 1974 1984 1994

G
in

i c
oe

ff
ic

ie
nt

 (%
)

 

 

Figure 6.4 Gini coefficient of global exchange adjusted income distribution: 1964-1999 

Global inequality, measured in foreign exchange terms, increased sharply between 1964 and 

1999. The sharp increase between 1972 and 1973 (arrowed) is probably artefactual, caused by 

an over-estimate of average income in India for the period 1964-1972. Global income 

inequality decreased slightly in the early 1980s, probably because a global economic downturn 

at that time affected the high-income countries more than the low-income countries. The 

decline in global FX income inequality from 1995 may be partially artefactual, caused by an 

exaggeration of Chinese income in 1997, but the reduction is still likely to be genuine, even 

though national income distribution may have become more unequal in recent years than the 

method assumes. 
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Year 

Global 

pop (incl 

Taiwan) 

(millions) 

Population 

in analysis 

(millions)

Gross 

World 

Product 

(trillion 

US$) 

Poorest 

quintile 

(%) 

Richest 

quintile 

(%) 

Quintile 

ratio 

(high to 

low 

income)

Gini 

coefficient 

(%) 

av per 

capita 

income 

(current 

US$) 

Countries 

in 

analysis 

1964 3268 3229 1.9 1.5 76.0 50 70.5 575 159 

1965 3338 3296 2.0 1.5 76.1 51 70.6 613 159 

1966 3409 3366 2.2 1.5 76.2 51 70.7 664 159 

1967 3480 3437 2.4 1.6 76.1 49 70.4 704 159 

1968 3552 3508 2.6 1.6 76.3 49 70.5 753 159 

1969 3625 3583 2.9 1.5 76.7 53 70.9 802 159 

1970 3697 3659 3.1 1.4 76.8 53 70.9 849 159 

1971 3771 3737 3.4 1.5 76.9 53 71.0 911 159 

1972 3846 3813 3.9 1.4 77.2 54 71.2 1018 159 

1973 3922 3889 4.6 1.2 79.3 69 73.3 1187 159 

1974 3999 3965 5.4 1.2 79.5 69 73.3 1368 159 

1975 4077 4040 6.3 1.1 79.7 70 73.4 1567 159 

1976 4153 4113 6.7 1.1 79.7 70 73.4 1633 159 

1977 4227 4185 7.2 1.1 80.1 73 73.8 1727 159 

1978 4300 4259 8.3 1.0 81.4 80 74.8 1940 159 

1979 4372 4334 9.9 0.9 82.5 88 75.7 2274 159 

1980 4444 4409 11.3 0.9 83.0 94 76.0 2553 159 

1981 4519 4484 11.9 0.9 82.9 90 75.8 2644 159 

1982 4596 4563 11.4 1.0 82.6 84 75.5 2498 159 

1983 4676 4642 11.1 1.0 82.7 84 75.7 2384 159 

1984 4760 4720 11.4 1.0 82.0 83 76.0 2420 159 

1985 4846 4800 12.0 1.0 83.1 80 76.2 2493 159 

1986 4934 4884 13.4 1.0 83.8 83 76.7 2739 159 

1987 5022 4969 15.6 0.9 85.2 92 77.7 3140 159 

1988 5110 5056 18.5 0.8 86.6 104 78.8 3664 159 

1989 5198 5143 19.7 0.8 87.0 110 79.2 3831 159 

1990 5285 5264 20.2 0.7 87.6 122 79.6 3840 185 

1991 5371 5331 21.9 0.7 87.6 129 79.6 4098 200 

1992 5454 5418 22.9 0.7 88.0 125 79.8 4224 205 

1993 5535 5507 24.2 0.7 88.2 135 80.1 4387 211 
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Year 

Global 

pop (incl 

Taiwan) 

(millions)

Population 

in analysis 

(millions) 

Gross 

World 

Product 

(trillion 

US$) 

Poorest 

quintile 

(%) 

Richest 

quintile 

(%) 

Quintile 

ratio 

(high to 

low 

income)

Gini 

coefficient 

(%) 

av per 

capita 

income 

(current 

US$) 

Countries 

in 

analysis

1994 5612 5578 25.6 0.7 88.4 136 80.3 4589 209 

1995 5687 5654 27.5 0.6 88.3 138 80.3 4867 210 

1996 5762 5709 29.3 0.7 87.9 132 80.0 5128 178 

1997 5836 5811 29.7 0.7 87.1 124 79.3 5113 212 

1998 5909 5879 28.7 0.8 87.2 114 79.3 4882 210 

1999 5980 5951 28.9 0.8 87.5 110 79.4 4862 206 

Table 6.3 Summary of final FX analysis for 1964-1999 in US$. The percentage of the 

global population included in each year varied between 98.7 and 99.6%. Note that global 

world product was higher in 1996 and 1997 than subsequent years (underlined) (figures 

rounded). 

___________________________________________ 

Purchasing power parity global income distribution 

The trend of GID, measured as a Gini coefficient, using current PPP adjusted income 

for the period 1964 and 1992 (based on the World Penn Table 5.6) (WPT 5.6) was slightly 

convergent, varying from a maximum of 66% in 1968 to 64% in 1989. In this period the 

percentage of the global population included in the analysis was consistently high (95%-98%), 

though not as high as for the FX study (see figures 6.1 and 6.6). The PPP adjusted GID then 

became more unequal in the period 1990-1992, but the proportion of the global population 

analysed fell to only 82%, due mainly to missing data from the former USSR and a number of 

smaller states. Possible selection bias limits firm conclusions regarding this, without further 

analysis.42. 

                                                 
42 For example, exclusion of disproportionately wealthy or poor countries will bias the Gini coefficient 
towards a lower value, suggesting decreased inequality  
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Figure 6.5 The comparative FX incomes of four poor populous countries 1972-1999.  
 
The four national curves (China, India, Bangladesh and Indonesia) plot the ratio of each 
country's total population to total income, each as a percentage of the global average. For 
example, in 1982, China, with 22% of the global population (1.01 billion of a total 4.56 
billion) received a total FX income which was 2.6% of the world income. Its ratio for 1982 
was, therefore, 8.6. If a country's population received the average global per capita income 
then its ratio would be one. The ratio for any country is therefore inversely proportional to 
its average FX income. In the 1990s, the comparative position of China, India, Indonesia 
and Bangladesh improved, though from 1998 the trend reversed substantially for Indonesia. 
The Indonesian data for 1996 may be an artefact, as may the apparent reversal for China in 
1998 and Bangladesh for 1997 (black symbols). The sharp increase in the global Gini 
coefficient in 1973 is largely explained by the deterioration of India that year, in turn 
explained by an artificially high income for India prior to 1973. The global Gini coefficient 
declined in the early 1980s, when all four countries shown here were improving, compared 
to the global average.  
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Figure 6.6 Global distribution of PPP adjusted income (current international dollars) 
1964-1992. Income distribution became slightly more equal during the 1970s and 1980s, but 
more unequal from 1990. The percentage of the global population included in the analysis 
exceeded 95% between 1964-1989 but fell from 1990. This casts doubt on the increased Gini 
coefficient in these years. Data source Penn World Tables 5.6. 
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Figure 6.7 Global distribution of PPP adjusted income (constant international dollars) 
1960-1998. Income distribution, measured as Gini coefficients, became more equal, especially 
in the 1980s and 1990s. However, the percentage of the global population included in this 
analysis never exceeded 90%. Data source World Bank. 
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Figure 6.8 Global distribution of PPP adjusted income (current international dollars) 
1975-1998. Income distribution, measured as Gini coefficients became more equal between 
1976 and 1996. The percentage of the global population included in this analysis varies from 
83% to 96%. Data source World Bank. 

____________________________________________ 

 
A second PPP adjusted income dataset, using constant dollars (again based on GDP), 

was analysed for the period 1960-1998 (see figure 6.7). This showed increased convergence, 

from a maximum of 68% (based on 86% of the global population) to only 62% in 1997. 

However, the percentage of the global population analysed never exceeded 90%. 

A third PPP adjusted income dataset, using current dollars (also GDP based), was 

available for the period 1975-1998 (see figure 6.8). 

Figure 6.9 compares all three PPP adjusted income analyses. Two curves (WP5.6 

current and World Bank constant) are almost parallel for the period 1964-1989, though the 

World Bank data shows a Gini coefficient approximately 1.5% higher, and there is a 

suggestion that the two curves are converging, especially from 1985. Selection bias might 

explain some of this convergence. 

The divergence in trend between these curves in the period 1990-1992 probably 

reflects selection bias. 
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Figure 6.9 Three time series charts of near-global Gini coefficients (PPP adjusted).  

This combines the graphs shown in figures 6.6-6.8, using two raw data sources, two 

measures, and based on slightly different populations. Lines 1 and 2, despite being from 

different data sources, involving slightly different populations and being in different units 

(current and constant) are remarkably similar, almost parallel, until 1989. The increased 

Gini coefficient between 1990-2 may be an artefact, caused by the exclusion of 

comparatively high-income countries. The improvement in the Gini coefficient shown in 

curve 3 appears implausible. The difference in slope of line 3 for the period 1975-1989 (and 

especially 1986-1989) is implausible, but may be explained by selection bias. The last ICP 

survey used for these data was in 1990, therefore since then all PPP adjusted data were 

estimated. 

____________________________________________ 
 

The third curve shows an analysis of World Bank data in current dollars for the period 

1975-1998. The gradient of this curve appears slightly steeper than the other two curves in the 

period 1975-1985, and is clearly steeper in the period 1986-1990. Again, the percentage and 

composition of the global population analysed is not directly comparable, and this may explain 

the variation. There may also be errors in the raw data. 

1 

2 
3 
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Discussion 

This study reports the most comprehensive and complete analysis of the trends of 

global income distribution, in FX and PPP adjusted terms over the period 1960-1999 of which 

the present author is aware. A total of 128 tables were calculated, ranking quantiles of most of 

the world’s countries by ascending per capita income for years between 1960 and 1999. The 

method is labour-intensive, and only possible with the assistance of a modern computer. Its 

results are broadly consistent with all recent studies of global inequality of which I am aware, 

including those reviewed in chapter five, and the papers which those papers refer to, with one 

exception, that of Milanovic (1999; 2002). 

Figure 6.10 compares the two families of curves of my own analysis. The overall 

pattern is very similar to the figure reproduced from Melchior et al., (2000) in appendix three. 

FX inequality tends to diverge, while PPP adjusted income inequality is slightly convergent 

until the late 1980s, and more convergent in the 1990s using the World Bank PPP adjusted 

income dataset. This difference in trend is unlikely to be fully explained by selection bias. 

The results found by Milanovic (see appendix six) are implausible, and unlikely to be 

explained, as he suggests, by access to a superior dataset of national income inequality. His 

study contains only two final data points (1988 and 1993). More data points would have been 

more persuasive. As suggested in chapter five, correspondence with the author has also 

identified a possible error in his data (see appendix six). Although other previous studies of 

global income distribution have also had a limited number of data points in their final results 

(see figure 5.2 and appendix three) they are all broadly consistent. Milanovic’s papers are the 

exception. 

The FX curve is based on GNP data, but the PPP adjusted curves are based on GDP 

data. The World Bank defines GNP as equal to GDP plus net factor income from abroad, such 

as funds repatriated or earned from offshore investments. The global FX GNP in 1997 was 

about 3.6% greater than the FX GDP.43 Conceivably, differences in the distribution of factor 

income could play a small role in influencing the measure of global inequality in any one year. 

However, this effect is unlikely to be large enough to explain the different trends.

                                                 
43 Based on an analysis of 168 countries with GNP and GDP data, obtained from the WDI CD ROM. 
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Figure 6.10. Comparison of the FX and three PPP adjusted time series analyses of 

global income distribution. Consistent with Melchior et al’s analysis, the trends of the two 

series are clearly different. The FX series (FX) is divergent, but the PPP adjusted figures 

converge, even given less complete data coverage in these analyses. 

_________________________________________________________________________ 

 

The most plausible explanation for this difference is a change in the Kravis coefficient, 

that is, the relationship between FX and PPP adjusted incomes. The best way to examine this 

question would be to explore the relationship between FX and PPP adjusted dollars for the 

global population for each year. However because, at this stage, data for the same subset of the 

global population as analysed in the FX analysis are unavailable,44 a more limited analysis was 

performed, using the subset of countries common to both FX and PPP adjusted analyses. 

These results are shown in figures 6.11-6.13. 

Further exploration of the causes and implications of changing Kravis coefficients is 

beyond the scope of this thesis. The comments below and in the captions to the figures should 

be regarded as speculative at this stage. Part of the explanation may be systematic errors in the 

computation of the PPP adjusted data, which is so extensively based on extrapolation (see 

table 4.1).  

FX

PPP 
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Substantial changes in a country’s Kravis coefficient may represent a hitherto 

undescribed form of interest or subsidy. This was mentioned in chapter five. Briefly, if the 

Kravis coefficient is increasing then a debtor country, in order to acquire the same quantity of 

foreign exchange will need to exchange a greater amount of real (PPP adjusted) goods than a 

similarly indebted country with a declining Kravis coefficient. 

The suggestion that a changing Kravis coefficient may act as a hidden brake or subsidy 

on a country’s development is potentially very important. Such a circumstance could arise 

through a poorly understood mechanism involving foreign exchange markets. Clearly, there is 

discordance between the valuation of a country’s FX currency and its PPP adjusted rate. This 

may in part reflect unmeasured goods and services, including “merit” goods such as 

governance (Boltho and Toniolo, 1999), discussed in chapter five. Could it be that foreign 

exchange markets, albeit unconsciously, consider such less tangible factors when setting 

exchange rates, especially where such exchange rates are free to float? 

For example, the Kravis coefficients for both India and China steadily increased 

throughout the 1980s. This means, ostensibly, that the ability of citizens of these countries to 

purchase a set of goods and services increased at a greater rate than their ability to purchase 

foreign currency such as US dollars. Rephrased, this means that the foreign exchange value of 

their currency did not rise at the same rate as their purchasing power. Might this, at least in 

part, be because merit goods, and other, even less tangible factors, deteriorated either relatively 

or absolutely? 

Conversely, tourists or immigrants to these countries, able to rely upon an income in 

exchange adjusted units, would find that, over time, their purchasing power while in these 

countries would increase, even if the relative exchange rates did not change. If we temporarily 

ignore the issue of merit goods, assume that the PPP adjusted and FX data are correct, and 

imagine that there are no immigration, language, or cultural restrictions, then an increased 

Kravis coefficient should increase migratory pressure towards India and China. 

Indeed, the greater purchasing power of a traveller from a high FX income country to a 

low FX income country is a powerful “pull” factor for tourists, for example from Australia to 

Bali. But there is no evidence of forces which push mass migration towards low FX-income 

countries; in fact the reverse is true. 

                                                                                                                                                     
44 These data could be estimated using regression. 



Chapter six: Four studies of global income distribution 

259 

I think this is for two main reasons. One is supply and demand. Were there (for 

example) a large retirement industry for elderly Australians in Bali, then demand for the 

Indonesian rupiah would increase, and its value compared to the Australian currency would 

rise. This does not occur, at least in part, because the potential client assesses the intangible 

factors and concludes that the apparent bonus from the favourable exchange rate is 

insufficient, or even illusory. While the benefit/risk calculus made by a fit tourist, protected by 

insurance and for a short time clearly is favourable, the intangible and merit factors operating 

over a long time make the trade-off far more equivocal. 

This is likely to be the case even when there are few cultural and language barriers, as, 

for example, could be the case with off-shore Chinese returning to China for their twilight 

years, provided for by a pension in US dollars. It is not claimed that this does not occur, but 

that it occurs less than one would otherwise expect. In part this is because the Kravis 

coefficient – were it to account for merit goods – would be far closer to unity than is currently 

the case. 

Algebraically, this can be represented as follows: 

 

Consider an inhabitant of a country with a high average FX-income. Then: 

 

[6.4]    TI(HI) = KC * I(HI) + I(MGH) + I(iH) ,  

  TI(HI) = I(INT $) + X (H) 

                           =   I(home) 

Where TI(HI) = “true” income,45 that is, the sum of monetary income and the benefit (or 

“income”) associated with merit goods and intangibles. In the above equation, I(HI) = FX 

income in the high average FX income country, MGH = merit goods in the high income 

country and iH = intangibles in the high-income country. I(home) refers to the “true” income of 

this imaginary individual, while at home. X(H) =∑ I(MGH) + I(iH). In a high (FX) income 

country, the Kravis coefficient ≅  1, but in many low (FX) income countries Kravis coefficient 

will be far higher than 1 (FX>>1). X(H) is likely to be strongly positive. 

                                                 
45 This term is suggested as an alternative to “real” and “genuine”. “Real” incomes are already associated with 
inflation-adjusted income, while a “genuine” income risks confusion with incomes derived from the genuine 
progress indicator. 
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Figure 6.11 Kravis coefficients for India and China (1964-1992) The Kravis coefficients 

for the world’s two most populous nations increased considerably in this period. The 

increased coefficient for India in 1973 is an artefact, caused by an over-estimate of the per 

capita income in the earlier period. The Kravis co-efficient for India increased from 2.6 in 

1974 to 5.3 by 1992. Assuming no other explanation, such as an error in the raw data or the 

analysis, this corresponds to a hidden compound interest rate of slightly over 4% per 

annum. The effective interest rate for China (from 1973 to 1991) was even higher, at over 

6% per annum. On the other hand, it the Kravis coefficient declines, as it did for China 

between 1991 and 1992, then the debtor country will benefit from a disguised subsidy. If 

the declining Kravis coefficient for China was continued through the 1990s then this could 

help explain the increasing importance of China to the global FX economy during that 

decade. Data source PWT 5.6 (current PPP adjusted income) and World Bank WDI (FX 

income). 
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Figure 6.12 Annual Kravis coefficients US, Australia, Japan 1964-1992 

The variation in Kravis coefficients for these high-income countries is much lower than for 

China and India. Data source as Fig 5.11. Unsurprisingly, the US, as the reference 

economy, displays the least variation. The Japanese Kravis coefficient tended to decline in 

this period, which is consistent with the generally held opinion that the Japanese exchange 

rate became overvalued in the late 1980s and early 1990s. The above chart suggests that by 

1990, the price structure of Japan had altered to the point where US$1 had only about 70% 

of the purchasing power of US$1 in the US If the surmise that a changing Kravis 

coefficient acts as either a hidden interest or interest subsidy is correct then the position of 

the US, as the reference economy, may be the least risky, for a borrowing economy such as 

the US. The overvalued Japanese currency may also act as a brake on domestic 

consumption, as consumers sense that they are not getting good value for money. As the 

barter and subsistence components of these economies has been comparatively low for the 

entire period of the analysis, increased monetisation of the economy is unlikely to be a 

significant factor in changing the Kravis coefficient for these countries. 
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Assume this person then visits a low FX-income country (L), while receiving the same 

monetary income I(HI).46 His or her effective “true” income while staying in the low FX 

country TI(LI) can be estimated as follows: 

 

[6.5] TI(LI) =  KC * I(HI) + I(MGL) + I(iL) ,  

                                    =  KC*I(INT$) + X(L)    

                                   =  I(away) 

 

Where X(L) = I(MGL) + I(iL)   

 

For a short stay, such a person, especially if fit and protected by insurance may find 

that X(L), even if comparatively low is more than compensated for by the increased Kravis 

coefficient. Therefore: 

 

[6.6] I(away) >> I(home) 

 

In this case, travel is rational. The traveller experiences a higher “true income” while 

away than at home. However, for a longer stay, the importance of I(MGL) and perhaps, I(iL) will 

become increasingly imported. Even if there are no factors, such as the end of a holiday or loss 

of income, that force the traveller to return home, a point will occur where the traveller has an 

incentive to return, as the net benefit of merit goods becomes increasingly negative. This is 

likely even if the intangibles, for example cultural, language and less identifiable factors, such 

as personal security are unimportant, or even positive. At this point: 

 

[6.7]   I(away) = I(home) 

 

As time passes, X is likely to become increasingly negative, so that:  

 

                                                 
46 For example while on business or a paid holiday. 
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[6.8]   I(away) << I(home) 

 

At this time, the traveller will have a strong incentive to return home. Were the merit 

goods more equal, the Kravis coefficient differential47 would be lower, and there would be less 

economic incentive to travel in the first place.  

An inhabitant from a high FX-income country visiting another high FX-income 

country will experience different forces:  

 

[6.9]   TI(away) ≅  TI(home)  

             

This is because the Kravis coefficient ≅  1 and I(MG) will be similar in each country. In 

this circumstance, the likely driving force will be I(i) such as cultural attraction, a family 

reunion or nostalgia. If these intangible factors are strong enough, and if the person receives 

the same FX income then he or she may stay indefinitely. 

A third case to consider if that of a person seeking asylum from a low FX income 

country which also has low merit goods. In this case: 

 

[6.10]   TI(LI) = KC * I(LI) + I(MGL) + I(iL) ,  

                                =  I(INT $) + X 

                                         =  I(home) 

  

Again, X = the sum of the merit and intangible goods. The merit goods are likely to be 

negative, forcing the person to flee. Therefore X is likely to be low or even negative.48 I(home) is 

likely to be low, not only because I(LI) will be comparatively low,49 but also because X is so 

low.  

Consider if this person has an opportunity to visit a high FX-income country, while 

receiving the same FX income as before (I(LI)). Then  

 

                                                 
47 The main driver of travel in the first place, because at least at first, it compensated for the lower “income” 
from merit goods. 
48 X will be negative if the negative effect of the merit goods is greater than the benefit of the intangible 
goods, such as attachment to home and culture. 
49 However, the KC will be greater than in a high (FX) income country. 
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[6.11]   TI(HI) =  KC * I(LI) + I(MGH) + I(iH),  

                                        =  I(INT $) + X  

                                       =  I(away) 

 

In this case, I(away) may be higher than I(home) even if I(INT $) is lower in equation [6.11] 

than in equation [6.10].50 The “true” income in this case is enhanced particularly by the merit 

goods. 

Assume that this person, seeking asylum, has an opportunity to immigrate to a country 

with high merit goods and a high average FX income. Even if (artificially) we assume that the 

asylum seeker’s monetary income remains at its previous low level, the true income (away) 

will exceed the person’s former true income (home). 

In reality, the asylum seeker will also hope to eventually receive a higher FX income, 

further increasing his or her true income in their new country. In fact, that this possibility 

realistically exists at all is a factor which increases the true income. This is likely whether the 

putative higher income is attainable by welfare, hard work, education, or through one’s 

children. These pull factors are very strong, and help to explain the risks taken, and the 

hardships endured by both present and past generations of migrants. Of course, very powerful 

push factors also operate; these are necessary to overcoming the natural inertia which 

otherwise limits migration.51 

Merit goods are likely to be inversely proportional to the Kravis coefficient. 

 

[6.12]   I(mg) ∝  1/KC 

 

Secondly, it is suggested that foreign exchange markets may place a premium or a 

discount upon a currency, in accordance with merit goods and less tangible factors. If so, such 

an increment may be additional to forces normally considered to determine exchange rates. 

It is well known that countries with poor governance are likely to be risky places to 

invest, not only because of the risk of corruption, default on debt, nationalisation, civil 

                                                 
50 This is because the KC will be lower in the higher (FX) income country. 
51 After all, virtually all peoples have descended from migrants who once found the conditions in their “new” 
country preferable to their previous station. A degree of inertia which then impedes further migration is both 
rational and evolutionary advantageous. 
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disorder and mismanagement, but also from fear of contagious capital flight, which could 

harm an investment’s value through no fault of the investor.52 These facts are used to justify 

high interest rates to attract the capital. Essentially, the investor makes a decision not 

dissimilar to a long-term tourist; (s)he assesses that the merit goods are lacking (or present) 

and demands either a higher interest rate as compensation for the increased risk, or accepts a 

lower interest rate in exchange for the greater security likely to occur in the presence of higher 

merit goods. 

The disparity between the FX and PPP adjusted value may act to either further 

compensate or disadvantage an investor. For example, consider a US businessman invests in 

an Indonesian logging company in 1980, in exchange for an annual interest rate of 20%. 

Imagine the Kravis coefficient were 1, and that the businessman had only enough capital to 

hire one bulldozer and one logger for one year, be it in the US or Indonesia. Assume that at 

home in the US, he can earn 5% per annum. Clearly, by taking the risk, he may earn more by 

investing in Indonesia. But really, the Kravis coefficient is not one in Indonesia; assume that it 

is two. Therefore, the investor can hire twice the logging equipment and personnel in the low 

FX income country than at home. This clearly is an additional incentive, and may explain why 

he can expect, on average, a higher return on his investment, despite the numerous risks. This 

possibility is enhanced by a higher Kravis coefficient. 

In some way, therefore, the disparity between FX and PPP adjusted incomes (the 

Kravis coefficient) may be a phenomenon of the international foreign exchange markets, even 

without explicitly considering governance and other merit goods, and ignoring supply and 

demand factors by tourists and long-term visitors. High Kravis coefficients may be in the 

interest of people from high (FX) income countries who invest in low (FX) income countries. 

At the same, time, low FX income countries have an incentive to maintain a high Kravis 

coefficient, in order to attract investment, and to compete successfully with their peers.  

I have previously speculated that a rising Kravis coefficient may act as a hidden form 

of interest. If so, this would further advantage an investor from a high-income country. While 

it will disadvantage the population that bears the interest, it may be viewed as beneficial 

overall if it succeeds in attracting further investment. Indeed, if the burden of debt repayment 

is disproportionately borne by a less powerful fragment of society – which seems plausible in 

                                                 
52 Imagine an investor buys a million shares in a company listed on the Jakarta stockmarket, at an exchange 
rate of 100 rupiah to A$1. These shares are thus worth A$10,000. After devaluation, caused by capital flight, 
the same number of shares will be worth far less in Australian dollars. 
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many low FX-income countries – then those who benefit may be indifferent or even desire the 

hardship of an increasing Kravis coefficient, because their own income is disproportionately 

increasing. 

Thus, diverging Kravis coefficients may be a phenomenon caused and amplified by 

the divergence in FX income, especially if FX income is a superior proxy for global 

international influence than are PPP adjusted incomes (see chapter five). 

Conclusion 

All measured of global income inequality reported here are conservative, because all 

rely on grouped data, which assumes perfectly equal income distribution within each quantile. 

For China, for example, the population of a single quintile now exceeds 200 million. 

Deficiencies in the raw data, especially at both income extremes, will cause a further 

underestimate of global income inequality. However, the error probably changes the final Gini 

coefficient by less than 2%, given that the current adjustment for national income distribution 

probably increased the Gini coefficient by no more than 5%. The reversal of the trend towards 

increasing global income inequality since 1997 was itself reversed in 1999. However, the 

global FX Gini coefficient in 1999 (79.5%) was still lower than its peak of 80.3% in 1997. 

These results demonstrate that the most widely publicised measure of global exchange 

adjusted income inequality, first reported by the UNDP, is a substantial underestimate. Rather 

than a peak rich to poor quintile ratio of 82:1 as the UNDP reported (see figure 5.1)53 adjusting 

for national income distribution and including almost all of the global population in the study 

shows that a more accurate estimate of this to have been 138:1 in 1995 (see table 6.3). In 1999, 

this ratio was still 110:1, substantially higher than the UNDP reported in the year of maximum 

FX inequality. The normally quoted estimate of the percentage of the global population with 

an income of less than US$1 per day is also too low. Rather than 20% (Elliott, 2002b) the 

fraction in 1999 exceeded 25%. 

The method described made a number of assumptions to fill data gaps, especially in 

the earlier period of the analysis. The FX income estimate for India was overstated in the 

period 1964-1972 (see figures 5.4 and 5.5). This probably caused an underestimate of global 

inequality in those years. 
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Countries with the most missing data are poorer, and many have relatively large 

populations. Excluding them from the analysis is likely to underestimate global inequality. 

However, though assumptions were made for a large number of countries in the FX analysis, 

they generally represented less than 10% of the global population. Data from many countries 

are likely to be deficient in quality as well as quantity. 

Irrespective of any trend in income distribution, very wealthy populations are likely to 

disguise the extent of their income (Gilding, 1999). This trait was also noted in medieval 

England (Hoskins, 1976). It is highly unlikely that incomes of some of the famous kleptocrats 

from developing nations, such the Suharto family in Indonesia, and the Marcos family in the 

Philippines, are reported accurately in their national income distribution surveys. 

The estimates of global income inequality are likely to be conservative in the earlier 

period of all four analyses, because they are based on 1998 national income distributions. 

National income distribution data, especially when weighted for population, demonstrates a 

trend towards increased national income inequality in recent decades, as discussed previously. 

The work by Cornia (2001) also suggests that national income distributions may have 

generally become more equal in the immediate post-war decades, meaning that the finding of 

an increasingly unequal GID since 1964 is even more marked than expressed here. The FX 

GID for 1999 may be slightly underestimated, if average national income distributions 

continued to become more unequal in 1999. The recent trend of inequality for both China (Xu 

and Zou, 2000) and India (Cornia, 2001) appears to be towards an increase. Such a trend, 

because of the populous nature of these countries may substantially reverse the trend towards 

reduced GID found for the period 1995-1999. 

Even the most favourable interpretation of these data cannot refute the conclusion that 

the distribution of global income, enabling either domestic or international purchasing power, 

is extremely unequal. Compared to earlier decades, the distribution of FX income was far 

more unequal in the 1990s, continuing a trend evident for several centuries. The recent 

improvement in FX inequality is encouraging, but as yet is very small compared to the 

previous increase in inequality. 

The improvement in PPP adjusted income distribution in the 1990s may be genuine, 

reflecting the more equal FX income distribution. However, the extent of extrapolation on 

                                                                                                                                                     
53 That is, the total annual income received by the 20% of the global population with the highest income, 
divided by the income received by the quintile with the lowest income. Each quintile currently has a 
population of about 1.2 billion. 
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which the raw data are based, and the difference in gradients between the current and constant 

PPP adjusted time series (shown clearly in figure 5.9) are of concern, reducing the confidence 

of any conclusions. 

It is probably reasonable to conclude that PPP adjusted global inequality, based on the 

Penn Tables data did not increase in the 1980s, in contrast to the increase in global FX income 

inequality. However, there are many problems with the accuracy of the PPP adjusted data, 

including the extent of extrapolation (even in the 1980s), the Eurocentric assumptions in its 

theory, and the index problem. 

Other critics of the Penn Tables suggest that the Geary-Khamis method for estimating 

PPP adjusted incomes significantly overestimate some poorer countries' per capita incomes 

(Dowrick and Quiggin, 1997; Hill, 2000). A changing bias in the method of estimating PPP 

adjusted incomes may partly explain the divergence between FX and PPP adjusted measures 

of global inequality.  

Advocates of the Geary-Khamis method54 need to refute these criticisms, including the 

suggestion that a changed Kravis coefficient may act as a hidden interest or subsidy, before the 

Penn Tables can be considered an accurate measure, even of domestic consumption. Despite 

its limitations, FX income remains a better-documented and probably more accurate measure 

of global income distribution, especially if that income is used to purchase influence, including 

protection from environmental catastrophe. 

 

 

 

                                                 
54 That is, the method used to estimate PPP data. 
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Chapter seven: Index of global environmental change 

Abstract 

A weighted times series index of global environmental change (IGEC), utilising 

nine categories of environmental data is presented. It is more comprehensive, extensive and 

has less selection bias than the only comparable global time series indicator. Each category 

was scaled so that 100% represented its state in nature prior to significant human 

influence.  

For each indicator, the minimum level was chosen at an anthropocentrically 

undesirable level. It has three sub-indices, representing changes in the global atmosphere, 

stratospheric ozone layer and biodiversity and ecosystem function. 

The IGEC declined from 80% in 1960 to 55% in 1997, and will inevitably fall 

considerably further this century. It is likely to correlate with many other, less easily 

quantified elements of global environmental change. It is hoped that the IGEC will be an 

effective indicator that can help to increase public understanding of the risk that it 

increasingly confronts. 
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Introduction 

This chapter presents another quantitative time series analysis, but this time composed 

entirely of global environmental data. The Index of Global Environmental Change has six 

main indicators, two atmospheric, one stratospheric, and three concerned with marine and 

terrestrial ecosystems. The chapter also reviews technical literature relevant to each 

component of the index. 

Individuals, groups and governments rely on numerous indicators to assist with 

information processing and policy making. Many scientific advances, from the thermometer to 

the chronometer and the global positioning system have concerned more precise measurement. 

The compilation of vital statistics by Farr was a major step forward in public health and 

epidemiology, enabling identification of epidemics and facilitating research into their causes 

(Susser and Adelstein, 1975). Szreter (1997) suggests that competition between provincial 

cities, induced in part by embarrassment at high mortality from “filth diseases” fostered the 

sanitary revolution  in the late 19th century. In clinical medicine, indexes such as the APACHE 

measure provide useful indicators of the chance of surviving a period of intensive care 

(Polderman et al., 2001). Indeed, the process of both triage and, more subtly, diagnosis and 

prognosis involve the assessment of a cluster of signs, symptoms and investigation results into 

a kind of probability index enabling a more or less confident and accurate clinical impression. 

In economics, Simon Kuznets is lauded for his role in developing national accounts, 

which evolved into the GNP. Herman Daly may one day be similarly recognised for his work 

that has led to the Index of Sustainable Economic Welfare and the Genuine Progress Indicator. 

The media daily parade a range of data collated into indices, from various stock exchange 

measures to consumer sentiment and long-term rainfall forecasts. Yet few, if any, of these 

composite measures are concerned with the health of the global environment, and the scale of 

human impact upon it. 

The reporting of environmental issues has greatly increased in recent years. Most 

stories report adverse environmental effects, while a few take a contrarian position, 

characterising adverse reports as scare mongering. Beder (1998) argues that these reports have 

a disproportionate influence, serving to confuse and falsely reassure the public. It is likely not 

only that a niche market exists for the regular reporting of an objective measure of global 
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environmental change, but also that such an indicator would better inform public debate and 

policy making. 

Sustainability Indicators 

Despite the paucity of such public reporting, a substantial literature already exists 

concerning sustainability indicators. Bossel (1998; 1999) advocates a systems approach to the 

development of such indicators. He points out that to be useful, indicators need to provide 

sufficient warning to initiate the appropriate response to escape danger. An example from 

everyday life is a fuel gauge. But the gauge is not enough. The driver or pilot needs knowledge 

of the distance to the next filling station, and whether it will be open. He or she may consider 

other factors, such as the possibility of fog preventing a safe landing, the garage being out of 

fuel and the gauge being faulty. Decision-making is therefore based on an external indicator 

(the fuel gauge) and a set of internal modifiers, including one’s degree of risk aversion or 

attraction. 

Two major problems confront any putative indicator of global sustainability. First, the 

indicator is likely to be considered unproven until it is too late to help. Unlike computer 

models or case studies, the collapse of global civilisation is unlikely to occur more than once 

in a human lifetime. Therefore, those who deny this possibility can dismiss the utility of any 

sustainability warning system as speculative.1 Secondly, and not unrelated, policy makers who 

are asked to interpret such indicators may lack sufficient internal modifiers to take any 

warning seriously. 

The Worldwatch Institute has, for some years, published a compendium of indicators 

of aspects of the environment and human welfare, called “Vital Signs” (Starke, 2001). This 

Institute also regularly publishes a disk containing time series data for several hundred 

potential indicators for sustainability, some of them dating to 1950, taken from its various 

publications. Bossel selects a set of 21 of these indicators to illustrate different principles he 

considers desirable. He classifies these into a matrix2 (see appendix twelve). 

                                                 
1 Costanza (2001) writing of the death of Donella (Dana) Meadows, criticises the peer review process, arguing 
that the conclusion of studies are more important determinants of acceptance than methodological rigour. 
2 Bossel argues, reasonably, that humans constantly use indicators to guide decisions (such as a smile or grey 
sky). He identifies seven categories of chief concern, which he calls “orientors”. Several of these, however, 
overlap (such as “security”, “co-existence” and “psychological needs”. Health is used as an example of an 
orientor that requires different indicators in different situations, such as bodily temperature in a human, the 
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Unfortunately, few of the indicators Bossel selects are truly global in nature, limiting 

their utility as indicators of global change. Several overlap, such as three concerned with 

aspects of the global grain harvest (see chapter four). Others, such as global carbon emissions, 

are difficult to measure accurately, and provide no information about the size of the remaining 

carbon sink, likely to be of far more importance. Another, the immunisation rate of infants, 

gives no information concerning the quality or benefit from these vaccines. Curiously, average 

global life expectancy is not among the indicators selected, nor does it seem to be listed 

separately by the Worldwatch Institute. 

Brown (1998) also aggregates several indicators, as “indicators of sustainability”, 

comparing estimates for 1950 and 1995.3 

The Index of Global Environmental Change 

Combining multiple environmental and ecological indicators into a single index is 

unpopular in some circles of ecology (Purvis and Hector, 2000) and environmental science. 

Some critics argue that collapsed indices oversimplify nature. Even Bossel criticises the 

UNDP’s Human Development Index for combining “apples with oranges”. 

Yet apples and oranges are both fruit. Just as a patient’s pulse, skin colour and 

respiratory rate may appear as symptoms unrelated to a single disease process, so too, changes 

to the atmosphere, stratospheric ozone, trophic level of the marine harvest and biodiversity 

may appear unrelated, yet all be symptomatic of human induced changes to the global 

environment. 

Mooney (1999) recounting his involvement with the International Geosphere 

Biosphere Programme (IGBP), during the mid 1980s, lists as one of its main and enduring 

challenges the attempt to bring all of the subdisciplines into the same spatial realm and to link 

phenomena occurring at different temporal realms. This programme had its roots in the 

International Geophysical Year of 1957–1958, which also saw the start of continuous 

monitoring of the atmospheric carbon dioxide concentration at Mauna Loa, Hawaii (Keeling, 

1998). The IGBP’s mandate was to re-collect data on the Earth’s natural systems, including, 

for the first time, biology. 

                                                                                                                                                     
appearance of a leaf in a plant, and the population of a keystone species in an ecosystem. In addition he 
defines three systems: “human”, “support” and “natural”. 
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Similarly, the index of global environmental change (IGEC) attempts to incorporate 

Earth system data of biological and physical properties into a single composite measure. It 

does this by ranking each indicator on a common scale, where 100% represents the “natural” 

or background level of each component, that is, its state prior to significant human impact. In 

this way, the index links phenomena that change at very different temporal rates (see table 

7.1). 

 

Indicator Original level Minimum Year  

CO2 concentration 280 ppmv 560 ppmv c1700 

CH4 concentration 693 pptv 2079 pptv c1700 

Global Mass Ozone 3221.8 mt 2577.4 mt 1979 

SOL (Extra tropical Sthn Hem) 334.7 DU  267.8 DU 1979 

SOL (Extra tropical Nthn Hem) 350.9 DU  280.7 DU 1982 

Trophic level marine harvest (av) 4 2 >500 years bp 

Trophic level fresh water harvest (av) 3.5 2 >500 years bp 

Moist tropical forest 16 m km2 3.2 m km2 >>1000 years 

bp 

Amphibian populations 100% 20% 1964 

 

Table 7.1 List of original (maximum) and minimum levels used to construct index of 

global environmental change. Original levels are those estimated to have occurred before 

significant anthropogenic influence. These were used to calculate the maximum value 

(100%) of each sub-index. “Critical threshold” levels are clearly undesirable levels of the 

same indicators, and were used to calculate the minimum value (zero) of each sub-index. 

 

 

                                                                                                                                                     
3 These include ozone depletion, global temperature, global forest cover and Australian frog species. She also 
includes energy use and land per capita used to grow grain.  
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The IGEC has three weighted elements: 

   

1. An index of the atmospheric concentration of the two main anthropogenic 

greenhouse gases (GHGs), carbon dioxide (CO2) and methane (CH4). 

2. An index of stratospheric ozone depletion (SOD), composed of three weighted 

components. These are the measures of the average stratospheric ozone column 

measured over the Earth’s surface for twelve months per annum and for each extra-

tropical hemisphere (latitudes 25-90 degrees) for five summer months. 

3. An index of global biodiversity and ecosystem function, composed of the trophic 

level of the global marine and fresh water catch, global tropical rainforest cover and 

quasi-global amphibian population data.  

  

These indicators share more in common than substantial modification by human 

activity. Many are related to one another. For example, GHG concentrations may decrease 

SOD via stratospheric cooling, but increase rainforest coverage positively by CO2 fertilisation, 

and negatively by drying and increased risk of fire. In turn, changes to the rainforest are likely 

to affect the concentration of GHGs, especially if the carbon sink is damaged. SOD has been 

postulated to lower the concentration of CH4 by increasing ultra violet radiation (UVR) and 

hence hydroxyl concentrations. Ecosystems, including amphibian populations, may be 

affected by both GHG concentrations resulting in a changed climate, and by SOD that may 

increase UVR exposure and thus modify the immune system. 

In summary, all of these elements are part of a single Earth system, of which humans 

are an increasingly important component. Nevertheless, the choice of these indicators is 

basically pragmatic, reflecting severe data limitations. To qualify for selection, each element 

needed to be either genuinely global or at least multi-continental, have reasonable precision, 

and be available on at least an annual basis. Many other theoretically desirable indicators are 

currently excluded by lack of adequate data. 

Candidate indicators include the human appropriation of photosynthesis (Vitousek et 

al., 1986; Rojstaczer et al., 2001) and fresh water (Postel et al., 1996), and of the quantity of 

nitrogen of anthropogenic origin fixed annually (Vitousek et al., 1997c; Kaiser, 2001b). A list 

of these is shown in appendix thirteen. 



Chapter seven: Index of global environmental change  

275 

Several indicators of human well-being, particularly average global life expectancy, 

could arguably be added to the IGEC. However, a fall in global average life expectancy, were 

it to occur, would not provide a sufficiently sensitive warning of impending danger. Instead, it 

is more likely to signify advanced, rather than early civilisation failure. The conversion of 

natural capital and the erosion of the safety margins which separate humanity from the 

threshold points of dangerous global environmental change have provided the fuel that has 

allowed the human population to become so numerous and powerful. The current number of 

person years of human life (population multiplied by average life expectancy) has never been 

greater. This can be viewed as success from an anthropocentric view, but it does not mean 

sustainability, any more than a stock market bubble represents permanent wealth. 

The Living Planet Index: 1970-1995 

I know of two other attempts to construct a global environmental index with some 

similarities to the IGEC. The Living Planet Index (LPI) (Loh, 2000; Loh et al., 1998) is based 

on time series data for 87 marine and 70 freshwater species,4 together with data for global 

forest cover for the period 1970-1995. In this index, data for 1970 were transformed to 100%. 

Annual resolution of data was not possible, but the index fell by 33% in only 30 years (Loh, 

2000).  

The LPI has several problems. The most important is probable selection bias. The 

authors provide no evidence to suggest that the species chosen for inclusion were randomly 

selected. Species with time series population data since 1970 are unlikely to be representative 

of all species, and may well be biased towards species classified as endangered at the start of 

the time series. 

Furthermore, reduced populations of species may not always correlate with reduced 

ecosystem function, though increasingly ecologists are finding evidence that ecosystem 

stability and resilience, including the ability to adapt to a changed climate, is in part a function 

of species diversity (Chapin et al., 2000; Kaiser, 2000d; Lockwood and Pim, 1994; Lovejoy, 

1994; McCann, 2000; McGrady-Steed et al., 1997; Naeem and Li, 1997; Tilman, 2000). 

While considerable evidence exists to support the LPI’s conclusion that both biodiversity and 

ecosystem health are declining at a global scale, this is probably overstated by the LPI. 

                                                 
4 All vertebrates (mammals, birds, reptiles, amphibia and fish). 
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Additionally, the LPI gives no ecosystem service value to plantation forests. Though 

low in biodiversity, plantation forests can still provide valuable ecosystem services, including 

carbon storage, erosion reduction, timber and recreational values. The LPI’s total discount of 

plantation forests is thus likely to exaggerate the global ecosystem decline they report. 

The global ecological footprint: 1961-1997 

An explicit attempt to produce a time series proxy measure of global sustainability is 

an estimate of the global ecological footprint5 (see chapter three) and related measures. 

Wackernagel et al (2000) used data from 150 economies with populations greater than 1 

million, for the period 1961-1997. Results are expressed in several ways.6 

The investigators found that the annual global “bio-productive space” used each year7 

approximately doubled between 1961 and 1997, at a rate similar to human population growth.8 

They compared this measure to “available bio-capacity”, a fixed estimate of about 12.5 billion 

hectares of bio-productive space.9 Because this level was exceeded in the mid-1970s, these 

workers argue that the world has been in “ecological deficit” ever since. This is returned to 

this at the end of this chapter. 

                                                 
5 Wackernagel et al (2000) define the ecological footprint of a defined population as “the area of biologically 
productive land and water required exclusively to produce the resources consumed and to assimilate the 
wastes generated by that population, using prevailing technology.” 
6 Data available at http://www.rprogress.org/ef/LPR2000. 
7 In 1997 this was about 2.84 ha/capita, giving a global area of about 16.6 billion ha. 
8 From about 8.5 to 16.6 billion ha; at the same time population increased from 3.1 to 5.8 billion. 
9 This is the area needed to absorb CO2, accommodate space for roads, buildings and other human 
infrastructure, and grow and harvest food, forest products and seafood. It also incorporates a buffer of 12.5% 
of all biologically productive space for species of no direct value to humanity. 
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Method of construction of the IGEC 

Atmospheric index 

Introduction 

Chapters one and four discussed climate change at length, including the concept of 

dangerous and critical climate change. Carbon dioxide (CO2) and methane (CH4) are the two 

major anthropogenic greenhouse gases, and are now almost universally accepted as playing 

major roles in global warming. However, even if climate change were due to solely “natural” 

factors (Veizer et al., 2000) the changing composition of these gases would still provide a 

convenient and simple means to quantify human impact upon the atmosphere. 

The atmospheric concentration of these gases is a function of their production and their 

absorption (“sink”), and thus provides far more useful information than simple GHG emission 

data. The measurement of the atmospheric concentration of these gases is now comparatively 

simple, and is far easier than attempting to calculate emissions for all countries for all years 

and then to compute the estimated sinks over time. And, as the discussion in chapter one 

demonstrated, the carbon sink remains poorly understood, making such theoretical 

computations formidably difficult. 

The atmospheric composition of these gases is also preferable as an indicator of 

anthropogenic global change to indicators of global climate change, such as average global 

temperature or sea level. Firstly, good data for these latter indicators, especially in the past, are 

less precise than the former. Additionally, the causation of climate change may well have a 

natural component, whereas the increased concentration of CO2 and CH4 is entirely of human 

origin. 
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Carbon dioxide 

Average annual atmospheric CO2 data for the period March 1958 to December 2000 

were obtained from a publicly accessible web site maintained by the Carbon Dioxide 

Information Analysis Center.10 CO2 concentration is now continuously measured at numerous 

global sites, but the longest time series is from Mauna Loa, Hawaii. Data from this site were 

used.11 Concentrations of CO2 are recorded as parts per million by volume (ppmv) of dry air. 

The concentrations show a number of oscillations, including with the season,12 and 

therefore latitude, but the average for any twelve-month period is similar irrespective of  

Hemisphere and site (Keeling, 1998).13 The Mauna Loa data were used to calculate a proxy of 

the average annual global concentration (see figure 7.1).14 

Selection of maximum and minimum values  

Considerable research has been undertaken to estimate earlier estimates of CO2 

concentration, based mainly on the concentration of this gas in bubbles trapped in polar ice 

cores, from Greenland and Antarctica. The consensus of this work is that CO2 concentration 

for most of the Holocene has been about 280 ppmv (Etheridge et al., 1998a).15 Some authors 

argue that CO2 concentration may have exceeded 300 ppmv in the early Holocene (Birks et 

al., 1999; Wagner et al., 1999a; 1999b)16 and may also have temporarily increased circa 5-

7,000 years ago (Steig, 1999).17 However, such increases, if they did occur, were still to levels 

far lower than in recent decades. In the deeper past, atmospheric scientists believe that CO2 

concentrations have not been as high as they currently are for several hundred thousand years 

(Petit et al., 1999). 

                                                 
10 http://cdiac.esd.ornl.gov/ftp/ndp001/maunaloa.co2 last accessed 19.8.01 
11 The methods for this are described by Keeling and Whorf (1999). The site is uncontaminated by 
concentrated sources of CO2 including industrial emissions and volcanic vents. Until Keeling’s work, it was 
thought that CO2 concentration varied widely around the world (Callendar, 1958; Keeling, 1998).  
12 This is caused by the annual drawdown of CO2 during times of increased photosynthesis. The maximum 
concentration occurs immediately prior to the first leaves of spring. There is also a diurnal cycle, a 
relationship with ENSO, and a number of other longer-term influences, including perhaps, a tidal component 
(Keeling, 1998). 
13 The Northern Hemispheric concentration is on average about 1 ppmv higher than the in the Southern 
Hemisphere, for reasons which remain unclear, but suggests either a stronger carbon sink in that Hemisphere 
or a greater source in the Northern Hemisphere. This gradient increased slightly during the 1980s, perhaps 
because of a warming which released more carbon from decaying organic matter in the soil (Keeling, 1998). 
14 Months were weighted by their duration. For example, the weighting for February 1968 was 29/366 of the 
annual figure. Data were missing for two months in 1958 (as well as January and February) and three months 
in 1964. Estimates were interpolated for these months. 
15 Myhre et al (1998) suggest this concentration is 278 ppmv. 
16 Perhaps as high as 336 ± 8 ppmv.  
17 By about 10 ppmv. 
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Figure 7.1 Annual carbon dioxide concentration: 1832-2000 Data from Mauna Loa 

(200N) (1958-2000) and Amsterdam Island (380S) (1980-1995) (380S) are annual averages. 

The concentration in the Southern Hemisphere is about 1 ppmv lower. There is close 

agreement between the overlapping series. Data Etheridge et al, (1998a); Gaudry et al., 

(1996); Keeling and Whorf (1999) and CDIAC.18 

 

The maximum value for the carbon dioxide index was thus selected as 280 ppmv (see 

table 6.1). The recent increase in the CO2 concentration is universally accepted to be of human 

origin, mainly from fossil fuel combustion, land clearing (reducing the terrestrial carbon sink) 

and cement production (Marland et al., 1998). The minimum value for the index was selected 

as 560 ppmv, double the pre-industrial level (see figure 7.2). This level is, of course, arbitrary. 

It is conceivable that critical climate change may not occur until the concentration of CO2 is 

higher. On the other hand, this threshold may occur at a substantially lower concentration. 

                                                 
18 http://cdiac.esd.ornl.gov/ftp/ndp001/maunaloa.co2 last accessed 19.8.01 
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Figure 7.2 Carbon dioxide index. Atmospheric CO2 data from Mauna Loa is shown 

transformed to two indices. The slope depends on the value chosen as zero. Both lines have 

a similar origin (100% when the concentration was 280 ppmv). Zero for the lower line is 

560 ppmv, for the upper line it is 840 ppmv. 

 

Methane 

Atmospheric CH4 concentration data for several stations in each hemisphere are 

obtainable from a web site maintained by the National Oceanic and Atmospheric 

Administration (NOAA).19 Continuous monitoring of atmospheric CH4 concentration started 

in 1979. Unlike CO2, atmospheric CH4 is not well mixed at a global scale. In recent decades, 

differences of over 100 parts per trillion volume (pptv) have existed between average annual 

methane concentrations sites in the different hemispheres, with the Northern Hemisphere 

concentrations consistently higher. To overcome this problem, globally averaged methane data 

for the period 1984-1998 (48 measures per annum) were provided by Dr Ed Dlugokencky, 

using a method described by Dlugokencky et al (1994a) (see figure 7.3). 

                                                 
19 http://www.cmdl.noaa.gov/info/ftpdata.html last accessed 29.6.00 
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In addition, a time series of decadal global atmospheric methane concentration for the 

period 1000-199220 has been estimated by Etheridge et al (1998b), based upon analysis of 

trapped gas bubbles in ice cores. These workers also adjusted the data for differences between 

the two hemispheres to provide a global average. Estimates for every second year, which had 

no data, were interpolated during the period 1960-1984. 

Selection of maximum and minimum values  

The methane concentration varied slightly during the period 1000-1700 (see figure 

7.3). The average in this period (693 pptv)21 was selected as the maximum level for the index. 

The minimum level for the index was selected, again arbitrarily, at a level equal to three times 

the average pre-industrial concentration. The increase in concentration of CH4 since the early 

industrial revolution is far greater than the background fluctuation, and as with CO2 is 

universally accepted to be of anthropogenic origin, though the causes are more complex and 

less well understood than of CO2. These include fossil fuel combustion and emissions from 

rice paddies and domesticated animals. 

The rate of growth of CH4 has fallen sharply in recent years (Dlugokencky et al., 

1994b; Dlugokencky et al., 1998). The causes remain incompletely understood, but probably 

include reduced gas flaring, especially from the Soviet Union, decreased emissions from 

boreal wetlands and improved rice yields and other agricultural changes in Chinese rice fields 

(Khalil, 1999). Changes to animal husbandry have also been suggested, as has an increased  

CH4 sink due to increased concentrations of hydroxyl radicals.22 Despite these encouraging 

signs, concerns remain that the CH4 concentration could again steeply increase, particularly if 

methane stored in the tundra is released by further Arctic warming (Cicerone, 1988) or if the 

recent decrease in hydroxyl radicals accelerates.23 

 

                                                 
20 Decadal for 1000-1900 and biannual for 1900-1992. 
21 Myhre et al., (1998) used 700 pptv as a baseline in their calculation of radiative forcing. 
22 Hydroxyl concentrations peaked in 1988, but by 2000 had fallen to only 90% of its concentration in 1979 
(Prinn et al., 2001). Therefore, the rate of increase of methane may again increase. 
23 Lashof (1991) also argues that substantial amounts of CH4 may be released from near shore ocean 
sediments consequent to global warming. 
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Figure 7.3 Average annual atmospheric methane concentration: 1000-1998. There is 

close agreement between the overlapping series. Data Etheridge et al (1998b) and 

Dlugokencky et al (1994). 

_________________________________________________________________________ 

 

Data transformation 

The raw CO2 and CH4 data were transformed to their corresponding index values. For 

example, in 1995, the average atmospheric concentration of CO2 was 361 ppmv, with an index 

value of 71%. The corresponding values for methane were 1728 pptv and 25%. 

Mathematically, this can be expressed as: 

[7.1]   CI(1995) (%)  = 100 * [(560-361)/(280)] 

                           =   71% (rounded) 

 

More generally 

[7.2]   CI(n) (%) = 100 * [(CO2 (m) - CO2 (n))/(CO2 (o))] 

 

Where CI = CO2 index, n = year, o = original (280 ppmv), * = multiplied by and m = 

minimum (see table 6.1). 
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[7.3]   MI(1995) (%) = 100 * [(2079-1728)/(1386)] 

                                        = 25% (rounded) 

 

 More generally 

 

[7.4]   MI(n)(%) = 100 * [(CH4(m) - CH4(n))/(CH4)(o))] 

 

Where MI = CH4 index, n = year, o = original and m = minimum (see table 6.1). 

Weighting 

The radiative forcing (the capacity to trap heat) of the three main anthropogenic 

greenhouse gases CO2, CH4 and nitrous oxide (N2O) are not only different, but the relationship 

between them is non- linear (Myhre et al., 1998). Data for the radiative forcing of these three 

gases were provided by Professor Gunnar Myhre. Figure 7.4 shows the relationship between 

the radiative forcing of CO2 and CH4 in a simplified form.24 The relative radiative forcing of 

CO2 and CH4 was used to calculate their weight in the final atmospheric index.25 For example, 

in 1995, the radiative forcings of CO2 (361 ppm) and CH4 (1728 ppt) were approximately 1.4 

and 0.5 watts per square metre respectively. The ratio of the two forcings was, therefore: 

[7.5]   RFR(1995) ≅ 1.4/0.5 = 2.8 (rounded) 

 

where RFR = radiative forcing ratio 

 

The weighted atmospheric index for 1995 was therefore 

 

[7.6] AI(1995)(%) = (.71*2.8 + .25*1)/(2.8+1) = 59% (figures rounded) 

 

                                                 
24 These data assumed baseline (zero) radiative forcing of CO2 and CH4 as 278 ppmv and 700 pptv 
respectively, that is slightly different from the values chosen as pre-anthropocentric values (280 ppmv and 
693 pptv). The contribution of radiative forcing of N2O was ignored; however, this would not affect the 
relationship between CO2 and CH4. 
25 I also assumed that these data changed linearly between the data points provided. These assumptions will 
have had negligible effect on the final value of the atmospheric index. 
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Figure 7.4 The radiative forcing ratio of carbon dioxide to methane: 1960-1999. The 

relative radiative forcing of the main greenhouse gases is non-linear. The radiative forcing 

for the baseline concentration for each of these gases was assumed as zero. CO2 has also 

become more important as the rate of increase of methane slowed. Radiative forcing data 

from Myhre et al (1998), CO2 and CH4 data from Keeling and Whorf (1999); Etheridge et 

al (1998b) and Dlugokencky et al (1994). 

_________________________________________________________________________ 

More generally, this can be expressed: 

[7.7] AI(n) (%) = [CI(n)*RFR(n) + MI(n)]/[(RFR(n)+1)], where 

[7.8] RFR(n) = (RFC(n))/(RFM(n)) 

 

Where AI = atmospheric index, RFR = radiative forcing ratio; RFC = radiative forcing 

of CO2, RFM = radiative forcing of CH4, CI = CO2 index and MI = CH4 index. 
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Results 

Figure 7.5 shows the weighted atmospheric index, and its two component indices. The 

atmospheric index fell from 79% in 1960 to 57% in 1999, an average decline of 0.8% per 

annum. The CO2 index fell from 88% in 1958 to 68% in 2000, an average decline of 0.6% per 

annum. The CH4 index declined at a faster rate, averaging 2.5% per annum for the period 

1960-1988, but only 2% per annum for the period 1988-1999.  
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Figure 7.5 Weighted atmospheric index: 1960-1999. The CO2 and CH4 indices are 

weighted according to their respective radiative forcing for the period 1960-1999. The 

flattening of the methane index in recent years is clearly visible (arrow). This reflects the 

recent decline in the growth rate of atmospheric methane. 
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Stratospheric ozone index 

Introduction 

The causes and consequences of stratospheric ozone depletion (SOD) were discussed 

in detail in chapter one. It is now well known that the original theoretical concerns were 

received sceptically, but acceptance came when satellite data revealed the opening of an 

“ozone hole” in the high southern latitudes in the early austral spring. The risks to human, 

animal and ecosystem health from increased UVR consequent to SOD were then recognised 

fairly quickly. This coincided with an increased ability by industry to produce less harmful 

alternatives for most ozone depleting substances (ODS), especially chlorofluorocarbons, and 

the gradual tightening of a series of global agreements leading to increasingly effective 

controls on ODS (Slaper et al., 1996). 

Chapter one also discussed the increasing recognition that stratospheric ozone 

depletion, though now checked, is likely to remain at a significant level for at least several 

more decades (Fraser and Prather, 1999; Montzka et al., 1999). Problems remain as a result of 

stratospheric cooling secondary to global warming, the ongoing blackmarket in ODS, and the 

lack of suitable alternatives for a number of halogens still in use.  

Like the atmospheric index, most of the change to the stratospheric ozone layer in 

recent decades is clearly anthropogenic, even though volcanically produced hydrogen chloride 

(Brasseur, 1992; Dlugokencky et al., 1996) can have profound short-term effects on the ozone 

column. More tenuously, climate change contrarians may argue that stratospheric cooling has 

a natural rather than an anthropogenic cause, and therefore that a component of ongoing SOD 

is not anthropogenic. 

Similar to the atmospheric index, the measurement of the SOL is technically simpler, 

more accurate and less contentious than estimating a time series of the production and release 

of ODS. It also provides indirect information concerning the effectiveness of the ODS sink. 

Data source 

Monthly zonal means of stratospheric ozone thickness measured as average Dobson 

Units (DU) for each 50 latitude band, were obtained for the period November 1978 – July 

2001 from the Total Ozone Mapping Spectrometer (TOMS) website maintained by the 
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National Aeronautical and Space Administration (NASA).26 This reports data from a series of 

four partially overlapping satellites.27 In addition, daily global ozone mass data, in megatons, 

were forwarded by Dr Greg Bodeker, for the period November 1978 to December 1998. 

These data were in part collected by a fifth satellite,28 and cover much of the hiatus caused by 

the absence of a functioning TOMS satellite between December 1994 and June 1996. 

The main advantage of the global mass data, compared to more frequently used DU 

data, is that redistribution of ozone can occur with a zone of latitude resulting in a change to 

the average thickness, even with no flux of ozone into or out of the zone, and with no in situ 

creation or destruction (Bodeker et al., 2001).29 These data also had fewer gaps than the DU 

data. Its main disadvantage is that the data were not categorised by latitude. 

The TOMS data (SOL data in DU) have not yet been cross-calibrated, and differ from 

each other by 1-2 percent.30 Data from the Meteor satellite was reduced by 1%, as were the 

data from the Earth Probe satellite, to remove most of the calibration differences. 

Method 

The TOMS data were used to create three measures of global ozone column thickness, 

adjusted by the surface area beneath the ozone column. This is necessary to reduce biasing the 

final result towards measures of SOD at high latitudes. The surface area beneath any latitude 

increases at lower (more equatorial) latitudes. Therefore, measures of stratospheric ozone 

depletion from lower latitudes (which has been less severe) warrant greater weight in any 

measure of global SOD. 

In the polar nights the TOMS instruments cannot measure the ozone columns. Missing 

data at these times were assumed identical to the preceding month for which data were 

available, because stratospheric ozone is not thought to alter significantly in the polar nights. 

The products of the average ozone column and the surface area for each five-degree 

band of latitude were calculated to provide a measure of ozone depletion for all five-degree 

latitude bands for all months in the analysis. These were summed and divided by the total 

surface area of interest. For example, the surface area between latitudes 40-450 S is 16,398,313 

                                                 
26 http://jwocky.gsfc.nasa.gov/index.html last accessed 12.8.01 
27 Nimbus (November 1978-April 1993), Meteor (November 1991-November 1994) and Earth Probe (July 
96-present). Data from a fourth satellite (Adeos) provided no unique information and were not used. 
28 Including information collected by the Global Ozone Monitoring Experiment (GOME), carried by the ERS-
2 satellite, operational since July 1995. 
29 In other words, the ozone column thickness in DU can be slightly misleading. 
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km2 (see equation 6.11) The zonal mean ozone column in January, 1985 was 299.7 DU. 

Therefore the ozone column* surface area for this band of latitude in that month was: 

[7.9] OC(Jan, 1985;40-45
0

 S)*SA(40-45
0

 S) = 299.7 * 16,398,313 = 4,914,574,439 DU*km2 

 

where OC = ozone column and SA = surface area 

 

More generally, 

 

[7.10] OC(m,n, A-B deg)*SA(A-B deg) =  ZM(M,n)(DU)*SA(A-B) 

 

where ZM = zonal mean, M = month, n = year and A and B are the latitudes in 

question and where 

 

[7.11] SA(A-B deg) = 2Πr2(sin lat A – sin lat B) 

 

where lat = latitude and r = 6370 km, the radius of the Earth.  

 

With this information it is possible to calculate the average monthly ozone column 

thickness for any 5o latitude band of interest for any month in the period with data. Three time 

series measures of SOD (in DU) were then calculated. These were an estimate of the average 

monthly global ozone column, and of the extra-tropical31 hemispheric ozone columns, each for 

five summer months.32 These were calculated because ozone depletion during the summer 

months in the extra-tropical hemispheres is of more biological and ecological importance than 

ozone depletion in these latitudes during winter, as UVR is higher during summer when the 

solar elevation is higher (McKenzie et al., 1999).33 

Each measure was adjusted by the duration of the month. 

                                                                                                                                                     
30 Cross-calibration of these satellite data sets is currently being undertaken (personal communication Dr Greg 
Bodeker).  
31 Assumed as 25-900 N and south. 
32 October-February in the Southern Hemisphere and April-August in the Northern Hemisphere. 
33 The ozone layer is thinner over the tropics and the sun is consistently overhead. Thus skin cancer rates are 
higher in low latitudes among Caucasian populations. Ozone depletion in these latitudes, were it to occur on 
the same scale has  
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Results 

Global annual ozone thickness 

Results for all these time series measures are shown in figures 6.6-6.8. Stratospheric 

ozone column thickness decreased in all three measures. The decline is most marked for the 

summer months in the extra-tropical Southern Hemisphere (gradient of trend line = -1.33) and 

least marked globally (gradient = –0.66). The gradient in the trend for the extra-tropical 

Northern Hemisphere is slightly steeper than the global trend (-0.74). These results are 

consistent with the well-recognised phenomenon that the maximum ozone decline has 

occurred in the summer months in the high latitudes of the Southern Hemisphere. The decline 

in the SOL for the latitude band 60-900 S (for example) is likely to be more than for the extra-

tropical Southern Hemisphere as a whole. 
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Figure 7.6 Average monthly global stratospheric ozone column thickness: 1978-2001. 

Substantial data gaps exist in the early 1990s (and also April-July, 2001). The gradient of 

the trendline is negative (-.66). Decline in this measure may not yet have ended. 
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Figure 7.7 Average stratospheric ozone layer thickness: 1978-2001 extra-tropical 

Southern hemisphere (25o-90o S). The average SOL has decreased over the southern 

hemisphere during the biologically important summer months. The decrease seems 

especially marked in October. The value for February, 2001 is the lowest yet recorded 

(280.3 DU) slightly lower than in January, 1986 (281.2 DU).  
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Figure 7.8 Average stratospheric ozone layer thickness: 1979-2000 Northern 

Hemisphere (25o-90o N). The average SOL has decreased slightly during the biologically 

important summer months. No complete data are available for the relevant months in 2001, 

because of satellite misfunction. 

 



Chapter seven: Index of global environmental change  

295 

Calculation of Stratospheric Ozone Depletion indices 

Estimates for missing data 

Global mass of ozone 

To enable calculation of the SOD indices, estimates first were made for missing data. 

Ozone mass data, because of fewer gaps, were preferentially used to calculate a single average 

annual measure. These data do not require adjustment for surface area, because they refer to 

the total global mass of stratospheric ozone at any time, rather than the thickness of the 

column over a latitudinal zone. Figure 7.9 shows a comparison of total daily global ozone 

mass (1978-1998) and average monthly global ozone column thickness in DU. 
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Figure 7.9 Comparison of two times series measures of global ozone 1978-1999. The 

darker points represent average global ozone thickness, adjusted for surface area, for each 

month with data. The lighter points represent daily measures of total global stratospheric 

ozone, in megatons. The two data sets are highly correlated (> 0.97), but the ozone mass 

data has the advantage of fewer gaps. The seasonal oscillation is clearly visible: maximum 

ozone levels occur on average in late April, minima occur in mid-December. 
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Estimates for missing data were interpolated using the assumption that a linear 

change in ozone concentration occurred between the missing data points, consistent with 

the seasonal pattern evident in figure 7.9. The method used to estimate missing data was 

more complex for the period 1994-95, because the nadir for 1994 and the peak in 1995 

required separate estimation of time and value. These were determined by regression (see 

figure 7.10).34 The intervening values were then interpolated assuming a linear change. 

These assumptions are unlikely to have introduced any serious error to the final value. In 

all, 8% of the values were estimated.35 
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Figure 7.10 Timing and value of annual maximum and minimum global ozone mass: 

1978-1999. The nadir generally occurs in either December or January (about 1 in annual 

decimal time) and the maximum in April. The dots and dark bars show the estimated value 

and time of the minimum and maximum ozone mass, for 1994 and 1995 respectively. 

                                                 
34 The time of the nadir in 1997was unusually early, this was treated as an outlier in determining the nadir for 
1994. 
35 The longest continuous data gap occupied 3.2% of the total time series. This period included the minimum 
value for 1994 and the maximum for 1995. 
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This exercise resulted in an estimate of the global mass of ozone for each day from 

November 1978 to the end of 1998. Summary annual data were then calculated by 

determining the average for each year (see figure 7.11). 

Stratospheric ozone column 

A final index of SOD based only upon the annual global mass may understate the 

more biologically important ozone depletion at higher latitudes in summer months. Of the 

8712 “month-zones” theoretically covered by the global mass data, only 19% are from the 

extra-tropical hemispheres during the summer months. 

Therefore SOL data for this time-region were also converted to an index (see figure 

7.11). Missing data were calculated by regression.36  

Selection of maximum and minimum values 

Data from two ground-based stations in Antarctica demonstrate reductions in the SOL 

from about 1970 (Farman et al., 1985). For the purposes of the index calculation, 100% was 

estimated as the year with the maximum value for each of the threes indices.37 This means that 

the value of the index in any year is conservative, as global, satellite-based data is only 

available from November, 1978 that is, after SOL had commenced.  

The minimum values for each index were, arbitrarily, selected as 80% of their 

maximum values. Such a decline would substantially increase adverse effects from increased 

UVR. 

There is an inverse relationship between SOD and UVR, although the determination of 

UVR trends has been more problematic (McKenzie et al., 1999). Slaper et al (1996) estimated 

that a 20% increase in annual UVR dose at 400 N would lead to between 500 and 1000 excess 

cases of skin cancer per million per annum in the US population.38 Longstreth et al (1998) 

reviewed literature which suggested that a sustained 1% decrease in the SOL would lead to 

between 100,000 and 150,000 additional cases of cataract per annum,39 and that compliance 

                                                 
36 8% of the Southern Hemispheric and 13% of the Northern Hemispheric data were estimated, giving an 
average of 10% for the two series. 
37 1979 for the global index, 1982 for the Northern Hemisphere, and 1979-80 for the Southern Hemisphere 
summer. 
38 Assuming the 1980 age distribution and no adaptive changes in human behaviour. 
39 These authors do not report the denominator for this measure. This discussion omits affects upon animal 
health. 
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with the most vigorous ozone treaty amendments so far agreed to40 will still lead to between 20 

and 30 excess cases of cataract per million per annum. These workers also point out that these 

data were based on the US population and that under-nourished populations may be at greater 

risk. 

Data transformation 

The raw annual ozone (global mass) and seasonal hemispheric (average SOL 

thickness) data were transformed to their corresponding indices, using the same principles 

shown in previous equations 6.2 and 6.4. For example, in 1997 the average stratospheric ozone 

mass was 3032.7 megatons, compared to the baseline in 1979 of 3221.8 megatons. Therefore 

the annual global mass ozone index for 1997 was 

 

[7.12] GMOI(1997)(%) = 100- [100*(3221.8-3032.7)/.2*3221.8) 

                   = 100 – [100*(189.1/644.4)] 

                   =  71% (figures rounded) 

 

More generally: 

 

[7.13] GMOI(n)(%) = 100 - [100*(GMO(o)-(GMO(n))/(GMO(o) - GMO(m))]  

 

 Where GMOI = global mass ozone index, n = year, o = original and m = minimum. 

  

[7.14] GMOI(n)(%) = 100 - [500(b-a)/b] 

 

 Where b = GMO(o) and a = GMO(n) 

 

 The extra-tropical hemispheric SOL indices were similarly calculated.  

 

[7.15] SOL(ETSH)I(n)(%) = 100 - [100*(SOL(ETSH)(o)-(SOL(ETSH)(n))/SOL(ETSH)(m))] 

 

                                                 
40 The Montreal adjustments. 
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[7.16] SOL(ETNH)I(n)(%) = 100 - [100*(SOL(ETNH)(o)-(SOL(ETNH)(n))/SOL(ETSH)(m))] 

 

Where SOLI(n) = stratospheric ozone layer index, ET = extra tropical; SH and NH =  

Southern and Northern Hemisphere, n = year, o = original and m = minimum (see table 6.1). 

Weighting 

The annual global mass ozone index was weighted as 50% of the final index, and the 

hemispheric summer indices were weighted as 25% each (see equation 6.17). This means that 

the weight of the summer months from the two extra-tropical hemispheres was 59% of the 

final index. 

[7.17] SODI(n) = .5*GMOI(n) + .25*SOL(ETSH)I(n) + SOL(ETNH)I(n)  

 

Where SODI(n) = stratospheric ozone depletion index, I= index, ETNH = extra tropical 

Northern Hemisphere and ETSH = extra tropical Southern Hemisphere.  
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Results 

Figure 7.11 shows the three component indices and the combined weighted 

stratospheric ozone depletion index. The weighted index declined from 100% in 1979 to a 

minimum of 61% in 1997, before increasing to 73% in the following year. Overall, this index 

declined at an average of 2% per annum.  

The sub-index showing the greatest decline, as expected, was for the summer months 

in the extra-tropical Southern Hemisphere, which reached a nadir of 41% in the summer of 

1999-2000. This decline is equivalent to an average of 4% per annum. However the rate of 

decline slowed in the 1990s, to an average of 3% per annum, compared to 4% per annum for 

the period 1979-1990. 

This pattern of a decreasing rate of decline in the 1990s also occurred in the extra-

tropical Northern Hemisphere index, which reached a nadir of 59% in 1993. It declined by 

1.4% per annum for the total period; 1.8% for the period 1979-1990, and 0.8% for the period 

1990-2000. In contrast, the annual global index declined at a slightly greater rate between 

1990-1998 (1.9% per annum) compared to 1979-1990 (1.5% per annum). Because the weight 

of this index equalled the other two combined, the rate of decline of the combined index was 

similar in the period 1979-1990 to the period 1990 to 1998. 

The indices show fluctuation, presumably because of natural causes. This means that 

the annual rate of change would vary slightly if different periods were used, though for this 

purpose three year moving averages were used to reduce the fluctuation. 

The improvement in the annual global SOD index for 1998 does not necessarily herald 

permanent recovery. For example, the index for the Northern Hemisphere summer declined in 

the following two years, with 2000 having the third lowest level recorded for extra-tropical 

northern latitudes. 
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Figure 7.11 Stratospheric ozone depletion indices: 1979-2000. Final indices are shown 

for global annual (1979-1998) and summer hemispheric (1979-2000). The thick line shows 

the combined index (1979-1998). The Southern Hemispheric index refers to October-

December in the year shown and January and February in the following year. 
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Biodiversity and ecosystem index 

Introduction 

Estimating an index of global biodiversity and ecosystem function is the most 

problematic of the three sub-indices that form the IGEC. Were accurate species censuses 

conducted on a sufficient geographical and temporal scale available, then an index of 

biodiversity, per se, would be simple. Of course this is impossible.41 However, it is clear that 

human impact on biodiversity has been severe, characterised by some authors as the sixth 

mass extinction (Chapin et al, 2000; Pimm et al., 1995) (see chapter one). 

The total number of global species may be an order of magnitude greater than the 

number so far described (c1.4 million) (Wilson, 1989) though a recent estimate, based on a 

new method of estimating insect species, suggests a level closer to 3 million than to 30 million 

(Dolphin and Quick, 2001).42 In any case, a very large number of species remain undescribed, 

especially of insects.43 Hughes et al (1997) have also estimated the global number of another 

indicator of biodiversity, that of distinct populations.44 They concluded that about 220 

populations existed per species, giving a global total of 1.1 to 6.6 billion. 

Available data on biodiversity are likely to be biased towards wealthy countries, and 

charismatic species. Examples of these include panda bears (Liu et al., 2001), California 

condors (Pimm, 2000) and leatherback turtles (Spotila et al., 2000). Economically important 

species such as mahogany (Gullison et al., 2000),45 blue fin tuna (Magnuson et al., 2001) and 

sturgeon (Stone, 2002a) have also probably attracted disproportionate research interest. 

                                                 
41 Numbers would be insufficient; information would also be require to assess the importance of species, 
especially their ability to be substituted, with minimal or no damage to the overall ecosystem function or 
health. 
42 Purvis and Hector (2000) report that 300 new species are formally described daily. 
43 Hughes et al (1997) estimate that up to 65% of global species are arthropods, which include insects, 
crustaceans, arachnids, and myriapods. 
44 Populations are normally defined as geographical entities within a species, distinguished either ecologically 
or genetically  
45 These authors note that the value of mahogany is not preventing its rapid demise, and criticise the 
Convention on International Trade in Endangered Species (CITES) for their inability to conserve the 
remaining mahogany stands. They also discuss the economic conflict of interest that hinders conservation; 
poor countries have a vested interest in exchanging mahogany for cash. 
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Extrapolation from changes to the populations in these samples to a global scale for all 

species is unlikely to be valid, even if biodiversity were evenly distributed. In fact the 

distribution of biodiversity is uneven.46 Myers et al (2000) have characterised this 

phenomenon as biodiverse “hotspots”47, found particularly in isolated habitats such as 

islands.48  

Additionally, ecological theory is not sufficiently advanced to confidently place most 

species in a hierarchy (Purvis and Hector, 2000) other than to position those with direct utility 

to humans at the apex. Clearly all species are not equal, and it is likely that evolution has 

provided many ecosystems with an excess capacity, or redundancy, that can cushion the 

depletion, extinction or introduction of some species, with comparatively little disturbance to 

their function (Kaiser, 1998a; Loreau et at., 2001; Wright and Jernvall, 1998). Even where 

“reserve” species occupying a similar trophic level, or performing a similar ecosystem 

function exist, erosion of this reserve will still leave ecosystems vulnerable to decline. In 

summary moderate damage to once highly resilient ecosystems will create a less resilient 

ecosystem, then vulnerable to further change (Loreau et al., 2001). 

Some ecosystem damage can cause considerable direct economic cost, particularly by 

the introduction of invasive species. There are numerous examples,49 such as the introduction 

of the rabbit to Australia (Low, 1999; McNeil, 2000) and the Eurasian zebra mussel to North 

America (Vitousek et al., 1997a).50 Ecosystem change, such as deforestation may also leading 

to erosion and increased flooding. Ecosystem damage may also harm public health indirectly, 

such as by the extinction of the passenger pigeon51 from North America, which has been 

speculated as increasing the incidence of Lyme disease (Blockstein, 1998) (see chapter one).  

                                                 
46 Balmford et al., (2001) found – unsurprisingly - that human population density is positively correlated with 
species richness of birds, mammals, snakes, and amphibians, including of many threatened species. They 
caution that conflicts between conservation and development will not be easily avoided. Though disagreeing 
with aspects of Balmford et al’s work, Huston (2001) concurs with this point. 
47 This was defined as an area containing at least 0.5% (1,500) of the world's described plant species (c 
300,000) as endemics. 
48 This work has indeed attracted some criticism on grounds that it reflects a bias towards more intensively 
studied areas (Pearce, 2000). Nonetheless, the proposition that biodiversity has an unequal global distributed 
is undoubted. 
49 Not counting introduced pathogens, such as the causal agents of the plague (Yersinia Pestis), smallpox 
(variola), measles and HIV/AIDS. 
50 This entered North American waters in ballast water. Among other effects, the mussels block intake pipes, 
which require expensive unblocking. The cost of this was estimated at approximately US$2 billion in 1993 
(Vitousek et al., 1997a). 
51 Once the most abundant bird species in North America, it is perhaps unsurprising that its extinction should 
have proven to be harmful, simply as a matter of scale.  
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At times, even small changes in the composition of species may have profound effects 

on ecosystem “health” (see chapter one). Changes to populations of keystone species, such as 

the predatory sea star Pisaster ochraceus52 may also contribute disproportionately to the 

composition and functioning of an ecosystem (Bond, 2001; Jackson et al., 2001; Sanford, 

1999).  

Disruption of marine ecosystems because of changes in population dynamics53 has 

been credited with the overgrowth of anthropogenically undesirable jellyfish, including in 

Black Sea,54 the Gulf of Mexico and the Bering Sea (Malakoff, 2001; Pauly et al., 1998; 

Williams, 1998). Paul Ehrlich has likened the progressive removal of species from an 

ecosystem to that of dismantling a plane in flight; at some point (“the critical rivet”) problems 

will become inevitable (Ehrlich and Walker, 1998). 

Apart from their ecosystem role, many species have potentially useful pharmaceutical 

or industrial properties. Thus, loss of biodiversity, and to an extent loss of knowledge of the 

properties of ecosystems among indigenous populations, can be likened to the loss of an 

irreplaceable genetic library (Purvis et al., 2000a). This is a paradox in a time that prides itself 

for its growing ability to understand and manipulate the genetic code. Loss of species and the 

contamination of ecosystems with introduced species also irreparably reduce the potential for 

improved ecological and scientific understanding (May, 1999; Mooney, 1999) much of which 

could eventually be directly beneficial for humanity.55 

Chapter four also discussed other ways by which ecosystem damage may lead to 

increased economic and environmental pressure, thus increasing the risk of local, regional and 

eventually global civilisation failure. 

From a wide range of theoretically desirable but generally impractical indicators (see 

appendix thirteen) the biodiversity and ecosystem index was calculated by combining time 

series data for the trophic level of the marine and fresh water harvests, amphibian decline and 

an estimate of tropical rainforest loss. 

                                                 
52 In this case by an altered ocean temperature. Climate change and algal blooms secondary to excessive 
nitrogen runoff may also play a role. 
53 For example, the overfishing of predators 
54 The fall in anchovy catches in the Black Sea is blamed in part on the explosion of jellyfish (Malakoff, 
2001). 
55 For example, what are the minimum set of species and their distributions to maintain a functioning and 
desirable ecosystem over time? Such knowledge could assist with repairing damaged ecosystems, and may 
also have implications for space travel. 
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Trophic level of marine and fresh water harvests 

Introduction 

The trophic level of the marine and fresh water catch is an indirect indicator of marine 

and fresh water biodiversity. Trophism refers to an organism’s location in the food chain. The 

minimum trophic value (one) is given to edible algae and detritus (Pauly and Christensen, 

1995). Fish with a higher trophic level are longer-lived and purely piscivorous. Lower ranked 

fish are shorter-lived and may be invertebrate or planktivorous pelagic56 fish (Pauly et al., 

1998; Williams, 1998). 

Pauly et al (1998) reported the trend of the declining trophic level to be most 

pronounced in the Northern Hemisphere. Overall they found that the average trophic level of 

the marine harvest declined by about 0.1 trophic units per decade, argued that the main cause 

was “fishing down the food webs” and that this indicates that present fish exploitation patterns 

are unsustainable. 

Caddy et al (1998) suggested that anoxic areas, secondary to eutrophication in several 

comparatively enclosed or coastal areas of the open sea57 might be a partial alternative 

explanation, rather than excessive fishing. However, even if this were important,58 it would not 

invalidate the incorporation of these data into the IGEC, because eutrophication, consequent to 

excessive phosphorus and nitrogen runoff from fertiliser use (Smil, 2000; Vitousek et al., 

1997c) is clearly of anthropogenic origin, and represents another element of what McMichael 

(1994) called “planetary overload”. 

The average trophic level of global fish harvest is important for several reasons. From 

a purely anthropocentric viewpoint, decline is undesirable because it is signifies a reduced 

ability of humans to enjoy a diet consisting of longer-lived, more desirable piscivorous fish. 

Of more importance, declining trophic levels are likely to correlate with evolving disturbances 

in marine and fresh water ecosystems, for example caused by the extinction or near-extinction 

of top predators, with consequent increased populations of less desirable prey (Pauly et al., 

1998; Jackson et al., 2001; Medlin, 1998). Most importantly, a continuing decline provides a 

                                                 
56 Pelagic means related to the open sea or ocean, rather than to a river. 
57 Including the Baltic, the Black Sea, the Mediterranean, the Sea of Japan and the Gulf of Mexico. 
58 Pauly and Christensen (1998) accepted this as a cause, but argued the trend is not (yet) large enough to 
significantly depress the average global trophic level.  
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warning, perhaps of irreversible ecosystem change, and of undesirable fisheries collapse. As 

with the ozone index, a declining average global trophic level will mask far steeper regional 

declines.  

Data 

Annual time series data for the average trophic level of the global marine and 

freshwater harvests, for the period 1950-1997, were provided by Professor Daniel Pauly 

(Pauly et al., 1998). These data were calculated from Food and Agricultural Organization 

global fisheries statistics data. Their data exclude non-fish vertebrates, such as whales, and 

also plants such as algae, but include aquaculture, an increasingly important source of human 

food.59  

A growing proportion of the wild fish catch is used as food for aquaculture and some 

is also used for fertiliser. These data do not reflect bycatch (fish killed but thrown overboard), 

nor do they necessarily reflect any trend to harvest juvenile species.60 

Selection of maximum and minimum values 

The decline in the average trophic level is likely to have started well before the time 

series reported by Pauly et al., 1998. Studies in the Caribbean suggest a decline in both the 

average size of fish consumed by humans and of their trophic level over several centuries 

(Jackson, 1997; Wing and Wing, 2001). The maximum average trophic level of the marine 

harvest was selected as 4.0, based on estimates from ancient middens and traditional fishing 

cultures (Jackson, 1997; Wing and Wing, 2001), though cultures relying mostly on shellfish 

are likely to have consumed a diet with a lower average trophic level. The minimum level 

selected was 2.0. Organisms with this trophic level are purely herbivorous, and generally 

unappetising or inedible to humans. The corresponding values for the fresh water harvest were 

3.5 and 2. 

 

 

 

                                                 
59 FAO data has separated the trophic level of aquaculture landings since 1984. Pauly and Christenson (1998) 
re-analysed their data to exclude the aquaculture component, in response to a claim by Caddy et al (1998) that 
inclusion of aquaculture data had depressed the overall result. Pauly and Christensen reported that this in fact 
made no significant difference. 
60 The trophic level of some fish, such as bluefish tuna, increases markedly with age. Pauly et al (1998) point 
out that this has probably disguised an even steeper decline in the average trophic level than reported. 
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Data transformation 

Transforming these data is mathematically straightforward: 

 

[7.18] TI(marine)(n) (%) = 100 - 100*[(TL(marine)(o) - TL(marine)(n))/TL(marine)(m)] 

[7.19] TI(fresh)(n) (%)   = 100 – 100*[(TL(fresh)(o) - TL(fresh)(n))/TL(fresh)(m] 

 

Where TI = Trophic index, TL = trophic level,  n = year, o = original and m =  

minimum (see table 6.1). 

Weighting 

The average trophic levels of the marine and fresh water harvests were weighted in 

proportion to their annual tonnage (see figure 7.12). Thus, greater weight is given to the 

declining trophic level in the marine harvest than the fresh water harvest. 

 

[7.20] TI(marine)(weight)(n)  = MH(n)/(MH(n) + FWH(n))  = mw(n)  

 

Where n = year, TI = trophic index, MH = marine harvest (tons), FWH = fresh water 

harvest (tons) and mw = marine trophic harvest weight. Therefore, the global trophic index 

was calculated for each year using the following formula: 

 

[7.21] TI(global)(n) (%)   =  TI(marine)(n) (%) * mw(n) + TI(fresh)(n) % * (1-mw(n)) 

 

Note that the sum of the weights for the fresh and marine water trophic indices equals 

one. 

Results 

The results are shown in figure 7.12. The weighted index declined from 68% in 1950 

to 53% in 1997. A marked decline, to as low as 56%, occurred in the 1960s, caused by the 

influence of the massive Peruvian anchoveta fishery.61 Once this fishery was largely 

                                                 
61 Anchovies have a comparatively low trophic level [2.2(± 0.42)] 
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exhausted, the average trophic level improved (to 67% in 1973) before commencing a steady 

decline, of almost 1% per annum.  
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Figure 7.12 Indices of the average annual trophic levels of marine and fresh water 

harvests: 1950-1997. In 1950 the index had already declined by an estimated 30%. The 

sharp fall and partial recovery in the trophic level of the marine harvest in the 1960s is 

caused by the influence of the massive Peruvian anchoveta fishery. Anchoveta have a 

comparatively low trophic level. As the catch from this region increased it depressed the 

global average. As it declined, due to overfishing, the global average rebounded. The 

combined index is heavily weighted to the marine trophic level, reflecting the greater 

tonnage of the marine harvest. Raw data courtesy Daniel Pauly (Pauly et al., 1998). 

___________________________________________________________________ 

 

The two sub-indices are identical in shape and trend to the raw data, though of course 

the scale is different. The global trophic index is much closer to the marine trophic index, 

reflecting the greater tonnage of the marine harvest, and therefore its higher weight. 
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Humid tropical forests 

Introduction 

Tropical humid (rain) forest data are included in the index of biodiversity and 

ecosystem health for two reasons. Firstly, tropical rainforests have considerable ecosystem 

service value (Costanza et al., 1997) for example as carbon banks, water purifying systems 

(Chichlinisky and Head, 1998), to limit runoff and reduce erosion (of particular importance in 

tropical areas subject to heavy rain and consequent flooding) and as habitats for most of the 

world’s few surviving indigenous peoples who still live traditional lifestyles. 

Secondly, tropical rainforests are the reservoirs for the greatest abundance of land-

based biodiversity (Hughes et al., 1997; Myers 2000a; Myers et al., 2000; Pimm and Raven, 

2000; Purvis and Hector, 2000; Wilson, 1989). Though there is broad consensus that global 

“ecosystem purity” and probably also biodiversity are experiencing significant decline, the 

scale of both are difficult to measure accurately (Heywood et al., 1994; Dial, 1994; 

Budiansky, 1994). Some ecologists, such as EO Wilson, have used the relationship described 

in equation 6.22 to estimate the impact of habitat loss upon extinction rates.62  

 

[7.22] S0 = Az and St = ktAz  

 

where S0 = original number of species; St = number of species at time t; A = area, kt = 

the fraction of the original habitat still available at time t and z = a constant63).  

 

Budiansky (1994), citing Heywood and Stuart (1992) criticises this relationship as 

perhaps nothing more than a sampling phenomenon. He also discusses the high biodiversity 

remaining in the Atlantic coastal forests of Brazil (formerly reduced by almost 90%) as 

evidence that biodiversity loss secondary to habitat destruction is exaggerated. He claims that 

zoologists have been unable to document a single extinction in these forests, and also that, 

globally, many key habitats are protected. 

                                                 
62 First proposed in 1921  
63 According to Budiansky (1994) Wilson uses a value of z between 0.15 and 0.35 for tropical forests. 
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These arguments, if correct, are reassuring. However, several issues remain of 

concern. Firstly, failure to document species loss does not prove that none occurred, given that 

so many species are poorly documented (Lovejoy, 2002). It may be that, in this case, few if 

any important species have so far been lost. However, some ecologists argue that many 

species become “committed” to extinction years before this occurs, and identify 10% of the 

original habitat as the threshold where this occurs. 

Second, these Atlantic forests were never entirely cleared; the remnant presumably 

served as a sufficient life-raft to enable survival of key ecosystems, and perhaps to re-establish 

the original habitat over the original area if human pressures on the landscape permit. 

Clearance of a greater percentage may not have permitted this.64 Certainly clearance to less 

than 1% of the original area, especially (as would seem probable in such a case) with habitat 

fragmentation, would doom many of the unique species of that region. The minimum size and 

characteristics of the “life-raft” remnant may vary with the special circumstances of each area, 

and may need to be increased to cope with other environmental factors, such as climate 

change, ozone depletion and introduced species and diseases. 

Finally, habitat protection by conservation laws and in national parks, though useful 

(Bruner et al., 2001) does not guarantee the permanent security of biodiversity (Bhagwat et 

al., 2001; McRae, 1998; Liu et al., 2001; Stern, 2001a;Vanclay, 2001), especially in low-

income countries (Jepson et al., 2001). Laws made now can also be changed, especially, if 

as appears plausible, adverse economic and demographic forces intensify in low-income 

countries. 

Tropical rainforest clearance65 may be the best proxy measure of endangered if not yet 

extinct species on a global basis for both the recent past and the foreseeable future (Hughes et 

al., 1997), though this may eventually be supplemented by increasingly accurate times series 

biodiversity data representative populations of plants, insects and vertebrates.  

                                                 
64 Lovejoy (2002) argues, in reference to the remaining species in these forests: “there is abundant evidence 
that if the Atlantic forest remains as reduced and fragmented as it is, it will lose a sizable fraction of the 
species that at the moment are able to hang on.” 
65 Given the confusion between “humid” tropical forests and total tropical forests (see following section) it 
may be that total tropical forest is a better proxy, however humid – rain – forests do appear to be more 
biodiverse than total tropical forests. 
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Rainforest contrarians 

Similarly to the contrarians66 who dispute the reality and importance of global climate 

change, and who formerly used similar arguments re SOD, a small, non-peer reviewed 

literature exists that debates the reality and significance of rainforest degradation and 

clearance. Philip Stott, a British professor of biogeography, is probably the most qualified 

member of this group. In an article in the Wall St Journal67 Stott (2000) attempts to use the 

lack of consensus regarding the definition of rainforest, including by the FAO, as an 

instrument to discredit68 their importance, and perhaps even their existence. Stott also claims 

that no rainforests existed until the Holocene69 that their rate of clearance is exaggerated, and 

that rain forests are no more intrinsically important, in ecological terms, than temperate 

forests. 

Embedded in his arguments, however, Stott clearly accepts both that rain forests exist 

and that they are declining. His argument that they have no greater ecological value than 

temperate forests means either that he argues they have no higher biodiversity – an untenable 

position - or that such biodiversity is irrelevant. 

As Stott argues, authoritative data of the extent and change to global tropical rainforest 

are difficult to locate. In 1974 FAO undertook a rough census of global moist tropical forests, 

but left interpretation of the term "tropical moist forest" to individual countries, albeit within 

guidelines (Sommer, 1976). Unfortunately, most sources of tropical forest data continue to 

aggregate humid and dry tropical forests.70  

For the purposes of the index construction, data were obtained from publications of 

Sommer (1976), World Resources 2001 (UNDP, et al., 2000) and Roper and Roberts (1999). 

Sommer, working at FAO, concluded that (in the 1970s) about 2.1% of the total 

tropical forest area were cleared per year, and that of this 20-40% affected “intact natural 

                                                 
66 Contrarians were discussed in chapter one. Contrarians are not scientists who hold minority, yet plausible 
views. Rather, contrarians hold views on topics which have been extensively investigated, and which are at 
odds with a large consensus. Contrarian voices are particularly prominent when powerful vested interests are 
threatened.  
67 Stott has also written “Tropical rain forest: a political ecology of hegemonic mythmaking" (Coronet Books, 
1999). I have not seen this. 
68 For example, Stott writes “Even the United Nations Food and Agriculture Organization has no idea how to 
define rain forest, having concocted the gloriously meaningless term tropical moist forest.”  
69 This seems unlikely; clearly insufficient time has elapsed during the current interglacial to allow the 
evolution of the enormous biodiversity that now lives in the rainforest; it is more plausible that the area of 
rainforest increased in the early Holocene. 
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forests” or “approximately 5-10 million ha equal to 0.5 to 0.6% of the still existing area of 

tropical moist forests.” The UNDP et al (2000) estimated the annual clearance of tropical 

forests for 1980-1995 to be 0.7%. Roper and Roberts (1999), reviewing more recent FAO 

data, estimated the annual rates of deforestation in developing countries at 15.5 million ha for 

the period 1980-1990 and 13.7 million hectares for 1990-1995, giving a total deforested area 

during this 15 year period of approximately 200 million ha71 (2 million km2). However, such a 

rate appears to apply to all forests in developing countries. 

Similarly, Turner et al (1990) estimate that total forest and woodland cover in the 

world’s largely tropical regions declined from 32.1 million km2 in 1950 to 28.9 million km2 in 

1980, an annual loss of 11 million ha per annum for each of these years. Given that both the 

rate and absolute decrease was probably lower in the early part of this period, these figures are 

similar to the estimates made by Roper and Roberts (1999). Again, these authors provide no 

separate estimate for the annual clearance of humid tropical forests; however, their 

conclusions are broadly consistent with that of Sommer (1976).  

Hughes et al (1997) citing an FAO report from 1990, estimated the recent level of 

clearing to be 0.8% per annum, but commented that it could be as high as 2% per annum. 

Again, they made no distinction between total and moist tropical forests. More recently, 

Grossman (2001) claimed that tropical forests have recently been cleared by 0.8% per annum, 

and that recent FAO estimates have been too conservative.72 A recent report by the 

International Institute for Applied Systems Analysis, (MacDonald, 2000) commenting upon 

this question, also notes a serious lack of consistent and modern data. In balance the FAO 

claims are probably conservative. Lomborg (2001: 117) claims that tropical deforestation has 

recently been occurring at 0.46% per annum. This is based on FAO data. 

The growing sophistication of satellite-based data, backed up by “groundtruthing”, 

gives hope that future estimates of the annual clearance of humid tropical forest will 

eventually become more accurate and accessible, but it should be noted that Sommer voiced a 

similar hope 25 years ago. Satellite-based data is now extensively used to monitor Brazilian 

                                                                                                                                                     
70 Rainforests experience rain almost all year round and constitute roughly one third of all tropical forest. 
71 An area larger than Mexico or Indonesia. 
72 Grossman is a journalist, who quotes Dirk Bryant (World Resources Institute), Abramovitz (Worldwatch 
Institute) and Professor James Alcock. 
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tropical deforestation (recently estimated at about 2 million ha per annum) (Laurance et al., 

2001) but again, rain-forest loss data for Brazil are not easy to find.73 

Data 

For the purpose of index construction, consistent with Sommer’s and the WRI’s 

estimates, it was assumed that the rate of humid tropical forest clearance was 0.7% since 1980, 

but lower in previous decades: 0.6% for 1970-1979, and 0.5% for the previous decade. In 

absolute terms, this equates to an annual change of about 5 million ha (50 thousand km2) per 

annum. These estimates are almost certainly conservative as a proxy of biodiversity, not only 

because the rates of clearance are optimistic, but because they fail to weight fragmentation, 

species introduction, and other forms of degradation of remaining rainforests. 

Selection of maximum and minimum values  

Sommer (1976) estimated the total moist tropical forest remaining to be 935 million 

hectares (9.35 million km2). Skole and Tucker (1993) estimated that tropical humid (rain) 

forests at their peak covered between 14 and 18 million square kilometres, and that about half 

of this area now remains.74 The minimum level for humid tropical forest cover was selected as 

320 million hectares, that is 20% of the estimated maximum of 1600 million ha. 

Species-area relations suggest that destroying 90% of habitat will eventually75 lead to 

loss of about 50% of the species therein (Heywood et al., 1994). However, setting the 

minimum level for the rainforest index at an average of 10% would inevitably mean far 

greater regional reductions. 

Data transformation 

This was straightforward, using the methods described in the construction of the 

trophic level indices. 

 

                                                 
73 I corresponded with Dr Norman Myers regarding this issue, and his reply was consistent with the 
interpretation presented here. He suggested that I contact Dr Jim Tucker, a satellite data expert, to further 
explore this question. So far I have been unable to establish contact with Dr Tucker. 
74 By comparison, total global closed forest cover has been estimated as approximately 28 million square km, 
about half of an estimated area 60 million km2 thought to exist 8000 years ago (Bryant et al., 1997). 
75 This does not mean such species become extinct as soon as the 10% threshold is exceeded. Rather, 
ecologists argue that many species become “committed” to extinction at about this level. Such an extensive 
habitat loss will also mean substantial genetic erosion of surviving species, even if not yet endangered. 
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[7.23] MTFI(n) (%) = 100 – 100*[(MTF(o) - MTF(n))/MTF(m)] 

 

Where MTFI = moist tropical forest index, n = year, o = original and m = minimum 

(see table 6.1). 

Results 

The results are shown in figure 7.13. The index declined from 54% in 1960 to 38% in 

1997, an annual decline of 0.9%. This decline is greater than the absolute decline in the raw 

data, because the minimum value of the index scale is 3.2 million km2, rather than an 

“absolute” zero. 
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Figure 7.13 Moist (humid) tropical rainforest clearance index: 1960-1997. This area is 

estimated to have decreased from 10 to 8 million square kilometres between 1960 and 

1997, declining from an historical maximum of 14-18 million km2. 

___________________________________________ 
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Amphibian populations 

As explained above, the biodiversity and ecosystem sub-index is weakened by the 

paucity of accurate global data on biodiversity, despite reasonably good data for a small, non-

randomly selected number of species. There is one important exception to this gap: that of the 

class76 of amphibians.77 Incorporation of time series amphibian population data strengthens this 

sub-index, and thus the final IGEC.  

Method  

For some years there has been increasing concern that amphibian populations have 

been declining on a wide geographical scale (Wake, 1991; Halliday, 1998; Mattoon, 2001). 

However, until recently, most reports could be criticised as anecdotal, a problem corrected by 

a recent study by Houlahan et al (2000). These workers utilised 936 existing studies of 

amphibian populations from several continents,78 between 1950 and 1997, in order to estimate 

a time series of quasi-global amphibian population data. This study confirmed that, although 

large-scale trends showed substantial geographical and temporal variability, amphibian 

populations have been declining for several decades, even though their data were biased 

towards high-income countries, and were particularly scarce from tropical habitats, rich in 

biodiversity but poor in funds and scientific expertise. Alford et al (2001) have recently 

criticised aspects of these results, but this has been defended (Houlahan et al., 2001). In any 

case, these criticisms do not undermine their main conclusions. 

The causes for declining amphibian populations remain uncertain. Hypotheses include 

loss of habitat, fungal diseases (including some inadvertently introduced by researchers), 

acidification from acid rain and immunological dysfunction. These are not mutually exclusive. 

In turn, immune dysfunction has been speculated as secondary to increased ultraviolet 

radiation. Another factor that may play a role is the global distribution of long-lived 

anthropogenic chemicals, especially organochlorines, which mean that virtually no area of the 

planet is pristine at a molecular level (Blais et al., 1998, Simonich and Hites, 1995, Tanabe et 

al., 1994).  

                                                 
76 Vertebrates have five classes; the others are mammals, birds, reptiles and fish. 
77 Frogs, toads and salamanders. 
78 Most data are from Western Europe (including UK) and North America. Some data are from studies in 
Australia, New Zealand, South and Central America, Eastern Europe, Asia, Africa and the Middle East.  
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Though an obvious candidate to explain increased UVR is SOD, researchers 

examining declining populations of western toads, in the mountains of Oregon, USA, found 

that climate change-related reductions in water depth at oviposition sites allowed greater UVR 

penetration to vulnerable embryos, and thus higher mortality (Kiesecker et al., 2001). These 

authors speculate that, at least in some locations, climate change may be a more potent 

amplifier of UVR exposure than SOD. 

The causes are likely to be multifactorial and related to the underlying factors that 

determine the trend of all of the IGEC sub-indices. For example, Pounds (2001) points out that 

frog population declines in both Central America and Australia have been accompanied by a 

mysterious disease affecting lizards. Given that a fungus that attacks moist-skinned 

amphibians is unlikely to attack reptiles, these are unlikely to have identical causes.  

Data 

Raw data were obtained directly from Jeff Houlahan, lead author of the study 

discussed above. These data are expressed as the cumulative annual change (log base 10) from 

a baseline population of 1954 (see figure 7.14).  

Data in the original study included the period 1950-53 but were excluded from this 

study because of the small number of studies in this period (17 over the four years), the 

comparatively large standard error in these years, and because the decline shown in 1953 is 

implausibly large. Between 1954 and 1960 no significant change occurred, but Houlahan et al 

(2000) found a significant decline, of approximately 15% per annum occurred between 1960 

and 1966, followed by a slower decline of about 2% per annum from 1966 to 1997. They 

caution however, that this change in the rate of decline may be excessive, with the earlier data 

more likely to be incorrect, given the smaller sample size in this period (see figure 7.14). 
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Figure 7.14 Raw and corrected data used to compute index of quasi-global amphibian 

population change: 1950-1997. Data for the period 1950-1953 were excluded from the 

final analysis (see text), and the change re-calculated for the period 1954-1997 (solid line). 

Houlahan et al (2000) found no significant change for the period 1954-1960, but a steep 

decline between 1960-1966. For the purposes of constructing the amphibian population 

index, it was assumed, conservatively, that population decline did not start until between 

1964 and 1967 (diamonds). Data courtesy Jeff Houlahan. 

___________________________________________ 

Selection of maximum and minimum values 

A case can be made for basing the maximum on the quasi-global populations found to 

exist between 1954 and 1960, and transforming this to 100% on the sub-index. However, a 

more conservative method was used. This created an artificial maximum by giving equal 

weight to the population in 1964 and another (lower) peak that occurred in 1967 (see figure 

7.14). All populations prior to 1964 were assumed as 100%. 
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The minimum for the index was set at 20% of the maximum population, using the 

same principles to determine the minimum area of moist tropical deforestation. Declines to an 

average of 20% will disguise far steeper regional declines. 

Data transformation 

Raw (log) data were transformed to two sets of data as percentages of maxima 

representing the 1964 and 1967 populations. These were weighted equally, and then 

transformed to a scale between zero and 100%, similar to the method used to calculate the 

trophic indices and the moist tropical deforestation index.  

 

[7.24] AmI(n)(%) = 100 – 100*[(Am(n) - Am(m))/(Am(o))] 

 

 Where AmI = amphibian index, n = year, m = maximum and o = original. 

Results 

The results are shown in figure 7.15. The amphibian population index declined from 

100% in 1964 to 7% in 1995, before recovering to 21% in 1997. This represents a decline of 

6.5% per annum over the whole period, calculated by using a three-year moving average. 

However, most of this decline occurred in the first few years. 
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Figure 7.15 Quasi-global amphibian population index: 1954-1997. The weighted index 

(solid, heavier line) is midway between indices based on maxima in 1964 and 1967 

respectively. Both assumptions are, arguably conservative. By the mid-1990s, the weighted 

index had fallen to very close to zero, meaning that the amphibian populations monitored 

had fallen to 20% of their level between 1964 and 1997. 

___________________________________________ 

 

Biodiversity and ecosystem function index 

The combined biodiversity and ecosystem function index was calculated by giving 

equal weight to each of the three sub-indices. The results are shown in figure 7.16. The 

combined index declined from 71% in 1960 to 40% in 1997. This is an average decline of 

1.6% per annum. 
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Figure 7.16 Biodiversity and ecosystem index: 1960-1997. In the above figure each of 

the three components are given equal weight. The overall, weighted index declined by an 

average of 1.6% per annum. 

________________________________________________________________________ 

 

Index of global environmental change 

Figure 7.17 shows three versions of the final IGEC. Model one gave equal weight to 

all three main subindices. It declined from 83% to 54% between 1960 and 1997. Model two 

weighted atmospheric change as equal to the combined weights of the index of biodiversity 

and ecosystem function and stratospheric ozone depletion. This model declined from 82% to 

55% for the same period. The third version gave equal weighting (40%) to the atmospheric 

index and that of biodiversity and ecosystem function, leaving a weight of 20% for the SOD 

index. This model showed a decline from 80% to 51%.  
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Figure 7.17 Index of global environmental change (1960-1997). The trend of the IGEC 

is similar in three differently weighted versions of the final index. The middle curve (IGEC 

2) falls from 82% in 1960 to 55% in 1997. Its weighting is 50% atmospheric, 25% SOD 

and 25% biodiversity and ecosystem function. The levelling off since 1994 is mainly 

because of stabilisation of the SOD index and an improvement in amphibian populations. 
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Discussion 

There is no “right” version of the final weighted index. Model one may appear the 

least subjective, because it weights all sub-indices equally. However, the SOD sub-index is, 

essentially, based on a single indicator. Therefore, giving it one third of the final weight could 

arguably be interpreted as biasing the IGEC towards this measure. On the other hand, sceptics 

may argue that decreasing the weight of the SOD sub-index in the IGEC is unfair, reducing 

the influence of the one component of the IGEC that has, at present, been substantially 

addressed by global treaties. 

However, irrespective of weighting, each model shows a similarly steep absolute 

decline, of 30%, 27% and 29% respectively. Consistent with previous decisions to bias the 

index conservatively, model two, which shows the least absolute decline, was chosen as the 

preferred version. This translates to an average annual decline of 1.1% per annum. Were this 

decline to continue at this rate the value of the IGEC would fall to 31% in 2050 and 18% in 

2100. Such a decline may well be conservative, especially if the carbon sink loses its strength. 

The main purpose of the IGEC is to try to quantify the extent of global environmental 

change consequent upon human activity. A secondary goal is to present this information in a 

way which appeals to policy makers and the general public and which may be used as a proxy 

“global fuel gauge” to better inform collective decisions. Many of the indicators collected by 

the Worldwatch Institute and used by Bossel (1999), such as the global rate of refugees per 

thousand people are laudable, but unlikely to motivate the comfortable and powerful section of 

humanity who live far from the front lines of human conflict. Many others are unsuitable 

because of their local or regional nature, and hence their unsuitability for generalisation.  

Problems with the ecological footprint as a sustainability indicator 

Earlier work on area-based carrying capacity and the ecological footprint (Rees, 1996; 

Wackernagel and Rees, 1995) (see chapter one) vividly, usefully and convincingly 

demonstrated that, given existing technology, consumption patterns and population, the world 

lacks sufficient resources to afford a US-style living standard for all, with or without reserving 

a non-humanly appropriated buffer of biologically productive nature. But I cannot be as 

generous in my assessment of the work by Wackernagel et al (2000) briefly discussed earlier 
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in this chapter. This attempts to demonstrate that “available bio-capacity” was exceeded a 

generation ago.  

One problem with the assumptions that underlie this work is that almost half (49.5%) 

of the average per capita ecological footprint is allocated solely to the absorption of CO2. This 

is almost certainly excessive.79 Clearly, the global capacity to absorb CO2 has been exceeded 

since the start of the industrial revolution, but this does not mean, per se, that human 

civilisation has inevitably become unsustainable. This assumption appears to overlook, or 

perhaps deny, that a buffer of increased greenhouse gases, including CO2, exists between their 

baseline levels and that of both dangerous and critical climate change (see chapter four). At the 

worst, critics may argue that this work demonstrates overly conservative, purist assumptions, 

such as that a dangerous CO2 concentration is 279 ppmv. 

Humans have changed innumerable aspects of the biosphere for millennia, both 

inadvertently and deliberately (see appendix thirteen); yet far from bringing catastrophe, most 

indicators of human well-being have steadily improved. The time series of the global 

ecological footprint should not be interpreted as either a measure of the sustainability of 

civilisation, nor a very useful indicator of global environmental change, though it is a 

reasonable proxy for the changing impact of humanity over time.80 

Problems with the IGEC 

Scale 

In contrast to many of the Worldwatch Institute’s “vital signs” indicators, the IGEC 

presents data that has a potential to directly affect all of humanity. Problems still exist with it 

of course. Chiefly, these include its inability to predict threshold effects, the non-intuitive 

pathway that connects the IGEC to possible routes to global civilisation failure, and the 

arbitrary basis of several of the minimum levels used in its various elements. Clearly, some 

                                                 
79 I do not intend here to fully critique the ecological footprint methodology. However, such a high weight for 
CO2 absorption if (as it presumably was) used in the original calculations of the ecological footprint does call 
into question the scale of the “overshoot” that Rees and Wackernagel identified (see chapter one). However, 
even if this weight is excessive the error is unlikely to be of sufficient scale to refute their conclusion that the 
Earth cannot sustain six, let alone eight billion humans with an average ecological impact equivalent to that of 
the current average US consumer.  
80 It is not that I question the trend of this indicator; my main concern is with the definition of “ecological 
deficit”. 
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critics will argue that the scale of the IGEC is overly pessimistic. It is hoped that they are right, 

but even so it would not invalidate the argument that the decline in the IGEC correlates with 

environmental brinkmanship. 

All scales are arbitrary, but the maximum values of the scales used in the IGEC 

components are based on historic data, indicating levels that existed in nature before 

significant human intervention. These levels are thus very unlikely to ever be exceeded. In the 

case of stratospheric ozone depletion, trophic levels and humid tropical deforestation “absolute 

zeros” are theoretically possible, though unlikely to ever be reached. 

Converting the sub-indices to a scale where, when possible, the minimum represents 

the absolute zero would be mathematically simple, and would reduce the gradient of their 

decline and of the final index. However, it would not alter the downward trend evident in all 

indicators, nor the absolute changes proportional to their original level. It would be hubristic, 

given current scientific knowledge, to argue that the scale is overly pessimistic, because the 

overwhelming scientific consensus is that the decline in both the elements of the IGEC and 

many parallel measures are ominous.81 

Critics may, more reasonably, argue that the scale is too optimistic. However, a more 

pessimistic scale may unnecessarily attract distracting criticism. It is possible that the rate of 

decline of the IGEC could sharply increase, particularly from exhaustion of the carbon sink, 

runaway global warming leading to widespread fires in the tropical forests, or perhaps from an 

unexpected further decline in the stratospheric ozone layer.  

Selection bias, measurement error and confounders 

Many other changes, not captured by the current version of the IGEC, could help to 

precipitate global civilisation failure. For example, Nobel laureate Paul Crutzen, co-discoverer 

of the stratospheric chemical reactions that linked halocarbons with stratospheric ozone 

depletion, recently commented that had bromine been preferred to chlorine in the propellants 

and solvents that caused SOD, then the extent of SOD would have been far more severe and 

far more rapid (Schellnhuber, 1999). 

                                                 
81 Nevertheless, the capacity of humanity to cope with diminished environmental resources may be greater 
than anticipated, and other factors, such as an anthropogenic global cooling effect may counter increased 
GHGs. It is conceivable, therefore, that the IGEC could pass zero in the next century, without catastrophe. 
However, in chapter three it was argued that relying on such a scenario constitutes environmental 
brinkmanship. 
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The sub-indices used to compute the IGEC show annual fluctuations that are unlikely 

to be entirely anthropogenic, but instead probably also reflect natural changes and 

measurement error. For example the eruption of Mt Pinatubo not only affected the 

stratospheric ozone layer for up to a year, but also increased the growth in the concentration of 

CH4 (Dlugokencky et al., 1996). But attempts to separate natural from anthropogenic causes 

must remain premature, given the youth of Earth systems science. 

Clearly, all data incorporated into the IGEC have a degree of measurement error, likely 

to be especially large in the index of biodiversity and ecosystem function. Although no attempt 

was made to quantify this error, such errors are most unlikely to change the overall trend of 

any component of the index, and are likely to be small compared to the final value. 

All nine components of the index present similar information. Therefore, any loss of 

discrimination caused by the assimilation of the components into a similar index is unlikely to 

be important. However, any such loss is likely to be outweighed by gains in acceptability to 

policy makers and the public generally, who could otherwise argue that an index based on a 

single element of the IGEC reflects selection bias and therefore lacks generalisability (external 

validity). 

As well as a potentially valuable vehicle for public education, the IGEC provides a 

fairly simple method of popularising and presenting a fraction of the enormous body of global 

environmental data now available, much of it painstakingly collected at public expense. It is 

hoped that it will serve as a stimulus for the collection of other time series data, to refine this 

and similar indices. 

Advantages of the IGEC and future trends of the sub-indices 

Atmospheric sub-index 

The indices of atmospheric change and stratospheric ozone depletion (SOD) are proxy 

measures for climate change and increased UVR respectively. The adverse effects of these 

were discussed at length in chapters one and four.  

The concentration of CO2, because of its long atmospheric life, will inevitably increase 

throughout this century, and will probably not stabilise until at least 100-120 years after the 
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year of maximum anthropogenic CO2 emissions82. The comparatively slow annual increase in 

CO2 concentration, indicative of a strong, yet comparatively poorly understood carbon sink 

(see chapter one) may dramatically increase; conversely, the annual increase seems unlikely to 

decrease. On the other hand, atmospheric CH4 may soon stabilise, slowing the increase in the 

atmospheric index. This is encouraging, but the total radiative forcing from GHG is still likely 

to increase, because of increased concentrations of other GHG, not incorporated into the 

current version of the atmospheric index. 

Stratospheric ozone decline sub-index 

The SOD index has several advantages over more conventional descriptions of ozone 

depletion, which usually characterise the extent and sometimes duration of the region of 

maximum ozone depletion over polar regions. Such descriptions are arbitrarily and often 

poorly defined, complicating comparisons over time. And, just as some early attempts to 

estimate the global significance of SOD were misleadingly based upon estimates of the SOL 

at 300 N (Farman et al., 1985) so too, estimates of the global burden of SOD will be skewed if 

confined to observations at high latitudes. 

The ozone indices described here transform a substantial amount of specialised data 

into comparatively simple monthly and annual results, and make use of data from all latitudes. 

Time series data for any given five degree latitude band, including over major cities, could 

easily be extracted. However, their usefulness for public health purposes would still be limited 

because the data take no account of factors such as average cloudiness or particulate air 

pollution, which may reduce the penetration of harmful UV radiation.  

Further refinements to this index, in order to estimate any adverse anthropogenic effect 

of SOD could include estimating the land area at any latitude and population densities of 

humans, animals and plants. Even more complex adjustments could consider the skin type, 

eye colour, nutritional status, immunological function, behaviour and so on of the populations 

exposed. However, such data are not easily available, and further attempts to adjust for the 

population affected were not considered cost-effective. In any case, SOD is likely to adversely 

affect marine ecosystems in ways that could have adverse flow-on effects to human welfare. 

It may be suggested that the minimum for the SOD sub-index, set at 80% of the 

measured level at the end of the 1970s, is alarmist, falsely understating the level of SOD, 

                                                 
82 Runaway warming could see this time extended, for example by increased fires and melting of the tundra. 
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which is “dangerous”, let alone “critical”. However, a decline in the composite SOD sub-index 

of this magnitude would disguise far steeper declines over shorter times and more limited 

areas.  

Madronich et al (1998) estimated that increases in surface erythemal (sunburning) 

UVR relative to values in the 1970s would peak before 2000, at about 130% of the baseline 

level in the Antarctic spring. The minimum value of the SOD index so far recorded is only 

61% (in 1997), and this is based on a more conservative baseline than used by Madronich et al 

(1998). Therefore, assuming that any future trend in global SOD follows existing temporal and 

geographical patterns, a fall to zero in the SOD index could be associated with an approximate 

trebling of UVR in the Antarctic spring. 

Finally, because the SOD sub-index is only a component of the IGEC, such a decline 

would not by itself mean the IGEC would decline to zero, unless the other sub-indices were at 

similar levels. 

Biodiversity and ecosystem health sub-index 

The attempt to provide an index of global biodiversity and ecosystem health should be 

regarded as a preliminary effort. This index combines the trophic level of the marine and fresh 

water harvest as an indirect measure of marine and fresh water ecosystem function and moist 

tropical deforestation time series data, supplemented by quasi-global amphibian population 

decline data, as proxy indicators for global biodiversity. The scale and weighting of the indices 

are arbitrary, but probably biased conservatively. 

Greater weight was given to the declining trophic level in the marine harvest than to 

the fresh water harvest. Because the trophic level of the fresh water harvest has declined more 

than that of the marine harvest (see figure 7.12) this weighting is conservative. Because 

bycatch is excluded from the analysis, the true trophic level is lower than reported.83 Further, 

the combined trophic index as constructed would inadequately reflect deteriorating fresh water 

ecosystem function if this led to disproportionate reduction in the tonnage of the fresh water 

harvest.  

Fishing quotas, if enforced, lead to lower catch tonnages, but (given the higher trophic 

level of the marine harvest) would only depress the combined trophic index if applied 

disproportionately to the fresh water fishing industry. However, any such effect would have 
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little immediate impact on the IGEC, because the combined trophic index is a comparatively 

small component. Fishing quotas and other measures to maintain fishstocks, such as increased 

marine reserves, should lead to higher average trophic levels, reversing the recent trend of the 

trophic index. 

Although net temperate deforestation may have ceased, the immediate outlook for 

tropical deforestation, be it of humid or dry forests is worrying, particularly in Indonesia and 

central Africa. Later this century, runaway climate change scenarios risk widespread burning 

of the Amazon forest,84 secondary to drying, warming, fragmentation and fire (Cox et al., 

2000). This phenomenon has already occurred on a significant scale to the forests of 

Indonesia, secondary to deliberate land clearing and the warm El Niño year of 1998 (Jepson et 

al., 2001; Levine et al., 1999). Reduced efficiency of photosynthesis as CO2 concentration 

increases (Lin et al., 2001) has also been postulated as independently leading to the tropical 

forests becoming a net source of carbon.85 On the other hand, Jarvis (2001) suggests that the 

existing terrestrial carbon sink may function for at least another century, while a few recent 

innovative projects also give some hope that rainforest clearance may eventually be halted 

(Kremen et al., 2000). 

The amphibian population data, while not global, is based on an extensive 

geographical and temporal time series database. It appears unlikely that its past bias away 

from poor, mainly tropical countries can be corrected by future research. However, it is 

plausible that its findings are also conservative, given the improvement in many other 

environmental indicators that have occurred in the mainly wealthy countries it includes. The 

amphibian population change index also makes the conservative assumption that no 

amphibian population decline occurred before 1965, though Houlahan et al (2000) present 

evidence of a marked decline from 1960. 

The argument that the IGEC can provide a useful indicator for environmental 

brinkmanship does not hinge on proof that declines in all or even any single IGEC element 

will be deleterious to humanity. These measured changes are likely to correlate with many 

others that are much harder to quantitate, using existing technology and resources. The 

probability that all of these other changes will prove benign is extremely small. 

                                                                                                                                                     
83 Bycatch is likely to have a lower trophic level than that which is brought to shore. 
84 Encouragingly, Nepstad et al (2000) report a recent, substantial reduction in Amazonian fires, attributed to 
better governance. 
85 With this scenario, the rainforest is unlikely to be directly harmed, though any runaway climate change may 
later harm the forests through drying and fires. 
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The paradox of a declining IGEC and rising human well-being 

Critics of the IGEC may argue that it is irrelevant because several key indicators of 

human well-being have improved dramatically in recent years.86 Indeed, a rough inverse 

correlation exists between the IGEC and many of these improvements, some of which have 

clearly involved adverse changes to natural capital. For example, fossil fuel use, deforestation 

and a decline in the average trophic level of the marine harvest are all anthropocentrically 

desirable phenomena – at least in the short run - and have all contributed to higher living 

standards for the growing human population. In other cases, however, such as the declining 

ozone indices, substantial damage has occurred in exchange for little improvement to human 

welfare. 

As mentioned, the global total of person years has never been greater, and continues to 

increase, as both average life expectancy (Wise, 1998) and the human population continue to 

rise. Literacy rates have improved, birth rates have declined and grain harvests per capita 

though declining, continue to provide ample food for all, were it distributed fairly (see chapter 

four). Some of these trends are very encouraging. A well-educated, well-informed, well-fed, 

and well-connected population will greatly improve the chance that humanity can successfully 

negotiate the shoals that clearly lie ahead. But these trends, alone, are inadequate. 

Threshold events 

Analysts who extrapolate current trajectories of human well-being to predict an even 

better future fail to appreciate the possibility of emergent phenomena, threshold events, and 

surprise. Though mathematical techniques, complexity theory, and sustainability science 

theory are currently unable to accurately predict the timing and nature of many of these events, 

some are inevitable. 

Innumerable examples of threshold events exist in both nature and society. For 

example, the nature of water changes dramatically at both zero and 100oC. A sand pyramid 

will “avalanche” when it reaches its maximum height (Bak, 1997). Sperm and ova, when 

combined, create new life. Fluid depletion, beyond a point, precipitates acute renal failure. 

Prisoners may escape, slaves revolt, governments fall and buildings collapse. Bull runs on the 

stockmarket can suddenly turn into crashes. 

                                                 
86 Such as global life expectancy. 
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The Irish person-years of life probably reached a maximum, yet to be surpassed, 

immediately prior to its mid-19th century famine, when the Irish population was roughly 

double that of today (Woodham-Smith, 1962). When the Easter Island civilisation collapsed, it 

had completed an unprecedented number of statues. Although the mathematics of global 

civilisation failure is embryonic, it would be surprising for failure to occur if many indicators 

of human transformation of the world were not at all time records. 

Despite the caveat concerning the risk of extrapolating linear trends, the trajectory of 

the IGEC is predictable over the next few decades. Assuming global civilisation failure does 

not occur in this time, we can be confident the IGEC will decline. A transition to a fully 

decarbonised energy system will take decades, even if humanity gives it the highest priority 

(Byrne et al., 1998; Hoffert et al., 1998; Kendall, 2000; Ovshinsky, 2000). Even assuming that 

CO2 emissions fall during this transition and that no collapse of the carbon sink occurs, the 

concentration of CO2 and other long-lived GHGs (Khalil, 1999) will continue to increase. It is 

also likely to take, even at the best case, at least decades to reverse tropical deforestation, 

further declines in the trophic level, and stratospheric ozone depletion. It will probably be even 

harder to slow the decline in many of the measures listed in appendix thirteen. 

Conclusion 

The decline in the IGEC and the other indicators it is a proxy for cannot continue 

indefinitely. It is fallacious and dangerous to assume that the human benefit from any further 

decline will equal that of the recent decline. Though the current value of the IGEC is still far 

above the arbitrarily chosen zero value this should not be interpreted as reassuring. The 

minimum value of the index compatible with an indefinite global increase in living standards 

remains uncertain, and is likely to be far higher than zero. 

The substantial reduction in the IGEC that has so far occurred is obviously consistent 

with human life, advanced civilisation, and unprecedented average improvements to life 

expectancy and living standards. From an anthropogenic viewpoint, some of the past reduction 

of the IGEC has been desirable. The change to the IGEC can be viewed as an approximation 

of the environmental and ecological “price” in the form of altered natural capital paid to 

enable much of humanity’s recent progress.87  

                                                 
87 Progress is intended here purely in anthropocentric terms. 
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But the reduction in the IGEC by 25% of its total value in less than 40 years illustrates 

the urgency with which humanity now needs to evolve fresh and sustainable ways of 

interacting with nature. Failure to do this means that critical depletion of natural capital will 

become inevitable, hence causing an unacceptable risk of global civilisation failure. 

It is hoped that the construction and dissemination of the IGEC, and similar indices, 

will help to stimulate the necessary economic and policy changes to accelerate the 

sustainability transition. This will enable a high standard of living for a large global 

population, while steering well clear of irreversible, critical harm to the poorly understood and 

appreciated environmental foundations upon which civilisation is based.
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Chapter eight: Carrying capacity, foresight, complexity and inequality 

Abstract 

Few discussions of human carrying capacity have considered the potential negative 

impact of imagination, foresight and inequality. These are likely to reduce the maximum 

theoretical carrying capacity for most populations, as powerful sub-populations seek to 

appropriate an exclusive reserve bank of unappropriated resources, thus denying them to 

the less entitled. 

Inequality increases the carrying capacity of a given area, if the resources used by 

the incremental population are less than the average. However, if the population increases 

beyond a threshold, civilisation failure is still likely, through mechanisms such as war, 

epidemic and famine. 

At a global scale, the appropriation of previously unused environmental resources, 

technological improvements, and the extent of inequality have facilitated the recent 

enormous expansion of human population. However, as technological improvement falters, 

the buffer of unappropriated carrying capacity is now falling rapidly. Additionally, the 

scale of global inequality contributes to political and economic instability which itself 

threatens to precipitate civilisation failure. 
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Introduction 

This chapter proposes that existing theories of human carrying capacity are flawed by 

insufficient consideration of inequality. Inequality, within limits, can act to increase or to 

decrease total human carrying capacity. Over comparatively short periods, inequality can 

effectively increase the living standards of powerful populations. This is facilitated if the 

ecological utilisation of the marginal (additional) population is low. Indeed, this describes the 

recent global situation. 

However, over a longer time period, the living standards of the disadvantaged 

population may deteriorate relatively, and even absolutely if insufficient dissemination of 

technological and material resources occurs. This threatens civilisation failure in several ways. 

Resentment is likely to increase within the comparatively disadvantaged population, leading to 

civil strife, insurgency and terrorism. Resentment is likely to be bred and concentrated within 

poor populations, but its effects are unlikely to be confined there. Consequences of a global 

guerrilla war are likely to include reduced economic growth, civilisation failure, and 

eventually, civilisation collapse. We may already be on the brink of such a world. 

Additionally, even if the ecological impact of the comparatively poor fraction of the 

population is low on a per-capita basis its size can still add significantly to the erosion of 

environmental global public goods, thus independently increasing the risk of critical global 

change and, eventually, civilisation failure. To reduce the risk of a global guerrilla war, living 

standards of poor populations need to be increased. Paradoxically, this will increase the short-

term erosion of environmental global public goods. 

This chapter also introduces the concept of marginal carrying capacity. It argues that 

any area and its associated population is characterised by a distinct carrying capacity, a 

function of population, resources, technology, ingenuity, organisation, debt and offshore 

income, including interest. Average living standards correlate with the per capita carrying 

capacity. At low populations, or when technology or other carrying capacity “co-factors” are 

increasing carrying capacity, population increments are likely to be welcomed. But as the rate 

of carrying capacity increase slows, additional populations are less likely to be welcomed, 

unless the living standard of the incoming population is substantially below that of the 

average population. However, beyond another point, additional population is likely to be 

resented, even if they are comparatively poor. This is not only because, at this point, they are 
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unlikely to increase the average living standard of the general population, but because they 

may even decrease it, or be perceived as so doing, because, for example of additional policing 

expenses and other transaction costs.1 

At a global scale, powerful populations reserve extensive resources, both to enable the 

high living standards they experience, and as a stock (reserve) for the future. By definition, 

these resources will be denied to less powerful populations, and this must reduce the potential 

living standard of poor populations.2 Estimates of the maximum theoretical global human 

population need to be reduced in view of this. 

I am unaware that this point has been made in recent discussions of carrying capacity. 

However, this was recognised by the Chinese scholar Hung Liang-Chi (1744-1809). 

Silberman (1960) quotes Lian-chi as asking: 

 "What about the added factor of human greed? One man may possess a house big 

enough for 100 persons. Another family may own land enough for 100 families” 

(Silberman, 1960: 262). 

Carrying capacity, complexity and foresight 

In economics, few relationships are either absolutely regular or linear, but are instead 

subject to fluctuation, change and feedback. Arthur (1999) characterises economic systems as 

exhibiting many of the hallmarks of complexity - systems with multiple elements that 

constantly evolve and unfold over time (Lewin, 1993; May, 1999; Waldrop, 1992). Arthur 

points out that human agents, as economic elements, react with strategy and foresight, 

considering outcomes that might result as a consequence of behaviour they might undertake. 

This capacity has important implications for carrying capacity that do not appear to have 

received adequate previous consideration. 

Boserup (1976; 1981) has convincingly argued that human carrying capacity may, in 

certain environments, increase as a function of population. I agree that is likely at low, modest 

and even comparatively high populations. However, beyond a threshold, it is argued that an 

inverse relationship exists between marginal carrying capacity and the human population that 

                                                 
1 Including for example, language teaching and other education. 
2 Consider the disproportionate use of resources such as water and oil by wealthy populations. Because the 
total supply of these is limited, the per capita access to them by less powerful populations must be limited. 
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can be supported at a given living standard by the resources of a given area. That is, in a 

sufficiently resource-rich3 area, when the population is low, the increase in carrying capacity 

made possible by an additional person initially exceeds one; and it is therefore rational to 

increase the human populations in such an area. Eventually, however, the marginal per capita 

carrying capacity, that is, the increase in carrying capacity produced by an additional person, 

must start to decrease. Eventually, beyond another threshold, marginal carrying capacity will 

become negative, even in a relatively favoured area such as the Kenyan district of Machakos 

(McMichael, 2001a: 379).4 

The position and slope of these relationships can be changed by factors such as 

technology, the local environmental resources, the organisation of the economy, the ingenuity 

and skill of the population, and the possibility or otherwise of trade and migration. This 

relationship can be expressed graphically (see figure 8.1) and algebraically (see equations 8.1 

and 8.2). 

[8.1]     K(z) = fn[p.er.t.o](z) + impK(z) – expK(z) 

 

Where K(z) = carrying capacity of area z, fn = function, p = population, er = 

environmental resources, t = technology, o = organisation, impK = imported carrying capacity 

and expK = exported carrying capacity (of the population in area z). These elements can be 

thought of as carrying capacity co-factors, analogous to affluence and technology (Ehrlich et 

al., 1977) (see equation 8.3 in following section). 

 

 

 

 

 

                                                 
3 Traditionally this means wild animals or plants, or agricultural capacity. Now it may mean tourist potential 
oil or a strategic location.  
4 The United Nations Population Association (2001: 31) points out that this district has benefited from its 
proximity to Nairobi, but also that heavy out-migration has resulted in labour shortages. This implies that the 
resources of the Machakos district, at least with current technology, are currently unable to provide a living 
standard sufficient for many of its people, though it might be able to support an even larger population at a 
lower living standard. Grimble (1996: 16) also cautions that the undoubted increases in carrying capacity 
made since the 1930s, when Malthusian entrapment was forecast, may soon reach a limit, and that its still-
growing population will increasingly have to depend on resources from outside Machakos. 
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Figure 8.1 A tradeoff exists between population size and carrying capacity. The blue 

curve (diamonds) describes the population of a given area. When the population is low, 

additional people increase the carrying capacity by more than they reduce it – two extra 

hands exceed the demands of an extra mouth. Marginal carrying capacity (orange circles) 

initially rises steeply. As the population increases, marginal carrying capacity falls, but still 

remains positive, so that total carrying capacity also rises. Eventually, a point is reached 

(A) where the marginal carrying capacity afforded by an additional person will be lower 

than the average demand on carrying capacity by an individual in the population. If the 

population continues to increase then a second point will be reached (B) where an 

additional person will reduce average living standards, no matter how impoverished the 

marginal person is. The optimal population size, from a utilitarian anthropocentric view, is 

therefore at point C. Both curves are likely to fluctuate, as technology, environment, and 

psychology vary. Note that this curve is theoretical; it is not based on data.  

population 

Marginal carrying capacity 
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[8.2] mK(z) = fn[K(z).uer] + impK - expK. 

 

Where mK(z) = marginal carrying capacity of area z, uer = unused environmental 

resources, impK = imported carrying capacity and expK = exported carrying capacity of the 

marginal individual. 

As Kz increases, unused environmental resources (natural capital) will eventually 

decline, even if technology, organisation and ingenuity increase. At some point, as the 

population increases, the marginal carrying capacity generated by an additional person in area 

z must eventually diminish, even though it may still be initially positive, especially if an 

additional person brings with him or her sizeable imported carrying capacity, such a pension 

or investment which provides an income, based upon the resources of area y. 

Note that the utility of any individual to appropriate offshore carrying capacity will be 

proportional to his or her exchange adjusted, rather than PPP adjusted income (see chapters 

five and six). The former is portable on a global basis at its full value, while the latter must 

first be converted into FX income, by dividing by the Kravis coefficient. 

Problems with the classic economic solution to diminishing marginal returns: Ohlin, 

free trade and industrialisation 

The Swedish economist and Nobel laureate Bertil Ohlin,5 writing in the 1930s, 

advocated free trade as a solution to European over-population. An examination of a recently 

reprinted extract of his arguments (Ohlin, 2001) vividly illustrates a Eurocentricity that 

borders on overt racism, and dismissal of the possibility that reduced living standards could 

ever occur from a limitation of natural capital. 

Ohlin unquestioningly accepted that the productivity of agricultural lands is subject to 

diminishing returns, assuming no technological progress, which, in any case, he argued, is at 

best likely to only partially compensate for demands placed by an increased population. 

Instead, he argued that population pressure can be solved by diverting excess people to 

employment in secondary industries where “land and other natural resources play a minor 

                                                 
5 Ohlin received the Nobel Prize for economics in 1977, two years before his death. 
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role compared with skill and organizing capacity” (emphasis added).6 He cautioned that rising 

living standards are dependent upon the maintenance of comparatively cheap primary 

products, and suggested that both living standards and populations could increase indefinitely, 

provided a sufficiently inexpensive source of raw materials is maintained (emphasis added). 

He alleged this was frequently forgotten in discussions of “overpopulation” (quotation marks 

in original). He also disputed a common belief of the time, that the possession of colonies was 

necessary to guarantee this prosperity, suggesting that this could be sidestepped provided 

importing nations were free to obtain the raw materials they required.7  

In this extract, Ohlin is silent concerning both the living standards and impact of future 

population pressure of the “native” populations who now constitute most of the global 

population. However, he implicitly suggests their indefinite poverty to be both inconsequential 

and desirable, in order to maintain the supply of cheap raw materials vital to the prosperity of 

the advanced nations. 

Ohlin, Wolfensohn and free trade 

In an unwitting confirmation of the conclusions of dissident economists from both the 

19th 8and 20th centuries (Gray, 1999; Mehmet, 1999; Shafaeddin, 2000a; 2000b) who argue 

that “free” trade primarily benefits powerful economies, Ohlin concluded that “nations of 

rapid growth” (by which he meant the industrialised nations of Europe and Japan) had the 

most to gain from the removal of trade barriers (see appendix four). James Wolfensohn, 

current President of the World Bank, has also recently evidenced concern that he recognises a 

major gap between the rhetoric concerning free trade and its application. This is that, in 

practice “free trade” does not actually exist, especially with regard to unrestricted access of 

agricultural products from the South to the North (Anonymous, 2001h).9 

Unfortunately, even Wolfensohn’s influence is unlikely to be sufficient to reverse the 

decades of economic discrimination, discussed in earlier chapters. Just as former US President 

                                                 
6 “The natural line of development for a nation whose population has reached a size at which returns in the 
primary industries tend to fall decisively, is concentration on secondary industries” (emphasis added).  
7 He also argued that the possession of colonies was unimportant in relieving population pressure in Europe, 
pointing out that the number of emigrants to various African colonies was trivial. In so doing, he conveniently 
ignored the vast scale of emigration from Europe to its former colonies in the Americas and Australasia. 
8 Frederick List 
9 The Trade Justice Movement has recently replaced the Jubilee movement as the major campaign by British 
aid organisations (Denny, 2002). 
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Reagan replaced Robert MacNamara with the more conservative and amenable AW Clausen 

(Caufield, 1998) reports have surfaced that current US President GW Bush may also be 

considering Wolfensohn’s early retirement, because of concern that his policies are too pro-

poor (Stern, 2001b). 

Optimal population - theory 

Discussion of “optimal population” may only be sensible in societies that have little 

fear of regular catastrophic massive death. Humans require many years to transmit their 

knowledge and culture to each succeeding generation; it is plausible that populations subject to 

regular crashes would rationally seek to maximise their size as soon as possible after each 

calamity, as insurance against the next (Caldwell, 1998), rather than to artificially restrict it to 

a lower, and perhaps more vulnerable level.10 

Nonetheless Plato envisaged zero population growth for his imaginary perfect society 

(AtKisson, 1999: 22) and it is clear that the strategy of human population maximization, if 

indeed evolutionarily programmed, has now passed its use-by date, and in fact threatens to 

contribute to the next great population crash.  

Optimal population – prospects 

There is a considerable literature concerning the question of an optimal global 

population. Though a few commentators such as Julian Simon argued that this question was 

trivial (see chapter three), no credible commentator (Cohen, 1995a; Daily et al., 1994; 

McMichael, 2001a; Willey, 2000) argues that the size of the global population in the near 

future is sustainable. However, short of a massive, undesirable and extremely dangerous 

population crash, representing a pattern of irruptive growth (McMichael, 2001a: 214),11 the 

next two centuries, at least, are likely to see the resources of the Earth, and the ingenuity of her 

people, having to support a population larger than theoretically desirable. 

The environmentalist Maurice Strong has forecast an irruptive growth pattern, warning 

that the human population is likely to fall by several billions within the lifetime of most people 

                                                 
10 This may explain the fertility cults common to many populations and religions, and may also be the basis 
for the Catholic Church’s persistent refusal to countenance most forms of family planning (Verkuyl, 1993). 
11 That is, a sudden fall after a peak, rather than a stabilisation (logistic growth) or gradual decline (domed 
growth). 
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currently alive (Soskolne, 2000). This is a prospect that no sane anthropocentrically minded 

human should contemplate without horror. If some do, it may be because they nurture the 

hope that massive death and suffering will be neatly partitioned among poor and distant 

populations. If an irruptive pattern occurs, poor populations are indeed likely to die in 

disproportionate numbers, but it is most unlikely that wealthy populations will remain 

unscathed. Severe global civilisation failure, or even worse, could occur, consequent for 

example to nuclear winter (see chapter four). 

Therefore, the next century, and probably the next several centuries, remain a 

bottleneck to the future, which humanity must first traverse before it can attain any semblance 

of a sustainable global population. Nonetheless, the theorising of these issues is important, not 

only for the future, but to drive current and future policies. 

Marginal carrying capacity 

Assuming that the risk of catastrophic mass death is perceived as low, and adopting a 

utilitarian, anthropocentric view, the optimum human population for any region is probably in 

the range where the additional marginal carrying capacity is close to one (see figure 8.1). Put 

crudely, this can be described as the point where two additional hands can sustainably support 

one mouth. Beyond this point, additional people may still increase carrying capacity, but by 

less than the extra demand for resources they place upon it.  

If the additional person has a lower living standard than the average, then they may be 

tolerated, or even encouraged, because their work may still improve the living standard of the 

more affluent fraction of the population. This helps to explain why wealthy populations 

tolerate illegal and guest workers, and countries such as India tolerate disproportionately high 

population growth rates by low-income groups, such as dalits (Human Rights Watch, 1999). It 

also helps to explain why wealthy populations at a global scale are comparatively indifferent 

to high population growth rates among poor populations. 

However, if the population supported by any given area continues to expand then a 

point must eventually occur (point B in figure 8.1) where per capita carrying capacity will 

start to decline. Eventually, albeit possibly following a lag, so too must living standards. At 

this point, populations have two main choices, assuming that both immigration and an instant 

demographic transition are not possible. Populations must either accept a lower average per-
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capita carrying capacity appropriation, or free up carrying capacity by war or migration, if 

possible. A third option, that of disease or famine, may also occur, but of course is unlikely to 

be consciously chosen. 

Indeed, none of the above options are likely to be consciously chosen, and the 

distinctions are unlikely to be as well-defined. Historical examples of such communities are 

numerous, from Easter Island, the Norse population in Greenland (Fagan, 1999: 189-191; 

McMichael, 2001a: 10-12), Ireland in the 1840s (Woodham-Smith, 1962) and Rwanda in the 

1990s (Butler, 2000a). 

Because humans have imagination, memory, and foresight, resentment towards both 

immigrants and “unproductive” members of populations that are approaching carrying 

capacity limits is likely to occur well before there is any perceptible decline in living standards 

attributed to the additional population. This may also occur with a population considerably 

lower than point C, in figure 8.1. Such resentment is likely to be mollified if the additional 

individual is perceived to further increase carrying capacity, most plausibly by bringing a 

supply of offshore resources.12 

This theory explains why, as the population increases, comparatively low-skilled 

migrants may be first welcomed, then grudgingly accepted, and finally rejected. At the same 

time, even beyond the point where the marginal increased carrying capacity equals the 

marginal cost of an individual (point A in figure 8.1) immigrants who are able to bring with 

them imported or appropriated carrying capacity, may still be made welcome. The increasing 

trend by high-income countries to ration and reject asylum seekers (Travis, 2001) suggests that 

such populations increasingly sense that this point has been reached (Butler, 2001c). 

The acceptability of additional numbers of people will also be influenced by the living 

standards (a proxy for appropriated carrying capacity) that they will tolerate. For example, a 

low-income country such as Pakistan may accommodate millions of thousands of refugees if 

they are confined to camps, where their average living standard is lower than that of the 

average Pakistani. 

                                                 
12 Of course this is modified by cultural factors, such as ethnicity and religion. But much of this bias has a 
partial economic basis. For example, non-dominant language speakers are likely to be perceived as an 
economic burden, less able to add sufficiently to total carrying capacity. More tenuously, an influx of people 
with a different culture may be perceived negatively by the dominant culture because of fear that the cohesion 
in the economy may fall, with greater competition, unproductive transaction costs and so on. 
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Acceptability is also likely to be influenced by the psychology of the population. 

Populations that accord a high value to sharing, altruism and equity may willingly accept a 

greater total population, even at the expense of a lower average living standard. However, 

there is no strong evidence that this generosity is very elastic. A shift towards greater global 

equality probably occurred in the first post-war decades, evidenced by the Marshall Plan, the 

moves towards decolonisation, the arising of the human rights movement,13 the rhetoric of the 

United Nations, the US and the USSR (Butler, 2000b). In both capitalist and communist 

countries inequality was restrained, and in some cases reversed. But this was also a period of 

rapid technological improvement, when, crucially, the global stock of natural capital was far 

less exploited than it now is. 

If civilisation is to maximise its chance of sustainably enduring, a plausible path is for 

high-income populations to change their psychology – not necessarily by opening their doors 

to asylum seekers and “economic refugees”, but more realistically by exporting carrying 

capacity to countries that are at risk of demographic entrapment, especially if they are 

militarily powerful. This strategy is desirable, even if technological breakthroughs, similar to 

the Green Revolution, substantially increase global carrying capacity. However, this prospect 

currently seems remote in the short time available before global population reaches eight 

billion, and even more cogently, the IGEC reaches 25%.  

                                                 
13 Which involved the former US first lady, Eleanor Roosevelt (Feitlowitz, 2001). 
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Optimal population and inequality 

Impact, short and long-term carrying capacity.  

In any given area z, total population can be increased beyond point C (figure 8.1) even 

given static carrying capacity “co-factors” if the average impact14 of the population decreases. 

Algebraically this can be expressed using the formula  

  

 [8.3] I(z) = fn[P.A.T.] (z) (Ehrlich et al., 1977) 

 

 where I = impact, P = population, A = affluence, T = technology and z = area. 

 

We can assume, that at least for short periods, impact is inversely proportional to 

short-term carrying capacity. That is, the impact of a given population at a certain level of 

affluence and technology will be far less in a region with a high carrying capacity (such as 

England) than with a low carrying capacity (such as the Gobi desert).15  

Sustainable (long-term) carrying capacity is unlikely to be identical to short-term 

carrying capacity, a refinement that has so far been largely ignored, including in figure 8.1. 

Given static technology and organisation, short-term carrying capacity has generally exceeded 

long-term carrying capacity, reflecting the richer initial environmental resources, as recognised 

by Flannery’s phase, “the future eaters” (Flannery, 1994). But even if technology and 

organisation improves, sustainable carrying capacity will still be lower than short-term 

carrying capacity if environmental resources continue to fall. 

In the last century, human population expanded by a factor of approximately four, 

reflecting a great increase in short-term global carrying capacity, facilitated by enormous 

advances in technology, organisation and a massive drawdown of environmental resources 

(see chapter seven). It is unlikely that technology and organisation can continue to evolve at a 

sufficient rate to fully compensate for further reductions in environmental resources. 

                                                 
14 Here, I use this term to mean the damage to an environment consequent to human activities. 
15 For example, if each person uses 100 litres of water per day then a small population will quickly exhaust 
the water resources of a desert, while the impact of same population, with the same water use (or affluence) 
will be proportionally far less in a well-watered area. 
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Although global population is now starting to stabilise, there is yet little evidence that 

its impact is falling at a sufficiently rapid rate to leave an adequate buffer of global 

environmental resources. In part this is because affluence has been increasing at a rate 

sufficient to offset reductions in impact enabled by less environmentally harmful technology.16 

Impact is of course proportional to average living standards, or affluence. This helps to 

explain how the Irish population in the 1840s was double the current population, how the 

Indian population currently exceeds a billion and the global population is greater than six 

billion. However, movements toward voluntary simplicity or consciously reduced affluence in 

high-income countries remain insignificant, improbable on the scale needed (AtKisson, 1999: 

91), 17 and continue to be discouraged by the interlocking financial systems, the mass media, 

and inter-generational expectations and cultures.  

Optimistic extremists 

Ohlin’s argument (Ohlin, 2001) that carrying capacity constraints can be overcome by 

converting populations to workers in manufacturing has no more validity on a global scale 

than those optimists who argue that it is rational to destroy all natural capital and invest the 

proceeds in bonds that pay a higher annual return than intact natural capital does. Ohlin’s 

dismissal of natural capital limitations is understandable given the time of his writing,18 but far 

too many economists continue to share this illusion. 

The only conceivable ways to safely and sustainably expand human population far 

beyond its current size are to dramatically accelerate the technological transition, rapidly 

colonise the planet Mars, or change the laws of nature. The first possibility may, just 

conceivably, be achieved by strategies such as wind farms, genetically modified crops which, 

for example need less water, and which can rehabilitate salinated ground, or by 

nanotechnology (Stix, 2001). These possibilities have been briefly considered in earlier 

chapters; their possibility does not invalidate my central proposition; that global inequality has 

substantially contributed to global environmental brinkmanship. 

                                                 
16 Consider motor vehicles. There will be no net benefit to the global CO2 concentration if per capita vehicle 
emissions are halved, but people either drive twice as far, or double the size of the car fleet. 
17 See Stoll-Kleeman and Jaeger (2001) for a discussion of how Swiss consumers rationalise their personal 
lack of effective action to reduce climate change. 
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Ohlin’s secondary method to escape population constraints is to imply that only the 

living standards of the industrialised peoples are of concern. Explicit discussion of this 

(Lieberson, 1985), while currently tabooed, clearly remains a core element of global strategy. 

It is argued that this policy is not only morally repugnant, but also unconscionably risky. It has 

power because it is never admitted by authority figures, and because sedated, “titty-tained”19 

high-income populations rarely grapple with such uncomfortable thoughts. 

Optimal inequality 

Although mathematics has discovered a number of irrational numbers that are both 

fundamental and precise, few things in nature are as exact. Physiological homeostasis does not 

mean that serum calcium, glucose and potassium and so on are kept at a precise, unchanging 

concentration, but within a tolerable range. An absolutely regular cardiac rhythm is unhealthy 

(Lewin, 1993). A random distribution of numbers, if of sufficient size, will show a normal 

distribution. 

Similarly, it is suggested that the “optimal” degree of inequality compatible with the 

sustainable functioning of an economy in a given area, is both unlikely to be fixed and to fall 

between two boundaries. According to Bowen (1970) a similar concept was recognised by 

Aristotle.  

More recently, Cornia (2001) has reviewed evidence that suggests that greater income 

polarization reduces the pace at which poverty is alleviated by income growth, and may even 

increase poverty rates, notwithstanding a growth in average per capita income. He also reports 

evidence that economic growth can be reduced by substantial increases in income inequality. 

He points out that an excessive gap between the rich and the poor reduces the work incentives 

of the poor and that high-income inequality can create political instability and erode social 

cohesion. Cornia goes on to argue that social tensions can affect domestic savings, erode the 

security of property rights, augment the threat of expropriation, drive away domestic and 

foreign investment, and increase transaction costs. 

                                                                                                                                                     
18 In 1883 the biologist Thomas Huxley claimed that fish stocks were inexhaustible (Jackson et al., 2001). 
Had population and technology not evolved, fish stocks may well have continued to be, for practical purposes, 
inexhaustible. 
19 From “titty-tainment”. Martin and Schumann (1993: 37) credit this term to former US President Carter’s 
National Security adviser, Zbigniew Brzezinski. 
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On the other hand, excessive equality is also bad for growth, a fact pointed out by the 

19th century polymath John Ruskin, who vividly illustrated that incentives are required to 

ensure that work is performed (Rosenberg, 1963). Cornia (2001) also attributes excessively 

low inequality in the socialist economies in the 1980s as an explanatory factor for their 

depressed economic growth. 

The USSR, Eastern Europe, inequality and the environment 

Low income inequality does not guarantee environmental sustainability, as clearly 

illustrated by the recent history of the former communist countries of the USSR and Eastern 

Europe, marked by environmental abuse on a truly industrial scale, which far exceeded, on a 

per capita basis, that of the industrialised capitalist countries.20 This was expressed not only 

regionally as acid rain, air pollution, the dumping of nuclear waste, the desertification of the 

Aral Sea and so on (Heer, 1992; McCally, 1993; McMichael, 2001a: 171-172), but also 

globally, through inefficient coal-burning stations and consequent high per capita greenhouse 

gas emissions.  

McCally (1993) reviewing the book Ecocide in the USSR points out that an 

unidentified Russian suggested to one of the book’s authors that “since everyone owned the 

land no one took responsibility for it”, suggesting another path to the tragedy of the commons. 

However, before it can be concluded that this example invalidates the proposition that 

inequality is a major contributor to unsustainability, it must be recalled that although income 

inequality was low in communist countries, political inequality remained extreme.21 

Furthermore, as the largest nation on Earth, the USSR had, during most of its existence as a 

political entity, a vast reservoir of non-appropriated natural capital, fuelling the illusion that 

natural capital, for practical purposes, could be considered infinite. 

                                                 
20 Nevertheless, the USSR afforded some protection to the Caspian ecosystems, and refrained from exploiting 
its oil wealth. Stone (2002a) points out however that this was because the USSR had access to Siberian oil 
reserves that were cheaper to exploit. 
21 McCally (1993) points out that the Ecology Club, formed in Volgograd in 1987, led to some of the first 
tolerated protests in the Soviet Union, and that it both stimulated and benefited from the glasnost which 
eventually led to the collapse of Soviet communism. 
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The tragedy of the commons – a lack of ownership 

Clark et al (2001), discussing the poor record of adequate response to warnings of 

biological invasions, identify “lack of a stakeholder” as an important reason for the low impact 

of forecasts based upon “scientific objectives alone”. This “tragedy of the commons”  (Hardin, 

1968; 1998) is not only relevant in the USSR, but to a significant extent globally. 

Buck (1985; 1998), Dasgupta (1996) and Chakraborty (2001) have convincingly 

argued that this tragedy has often been avoided in the past, by regulations, enforced by 

community pressure and sanctions against offenders. However, the scale of recent, current and 

future threats to the commons has largely overwhelmed this defence.22  

Furthermore, successful protection of common resources is more likely to have been 

consistent with survival of the dominant human group. That is, the history of economically or 

politically unimportant human groups, is not as easily identified23 Two recent exceptions 

where common resources appear to have been protected for all of humanity are the Montreal 

Protocol and its amendments24 (Slaper et al., 1996) and the temporary mineral and oil 

exploitation respite afforded to Antarctica (Buck, 1998). These are rare, and demonstrate the 

impracticality of similar methods being used to give similar protection at the enormous 

number of smaller scales which would be necessary. Furthermore, many previous cases of 

commons protection occurred when population growth rates were far lower than in recent 

decades. 

Excessive equality 

It bears repeating that economic growth, as conventionally measured, is far from 

identical to increasing sustainability (Hamilton, 1994). Conventional economic growth 

increases as natural capital is converted to financial capital. If this is done at a rate faster than 

the regeneration of natural capital then it cannot be sustainable in a strict sense. Nevertheless, 

there is probably a range of inequality that maximises sustainable management of natural 

                                                 
22 One can imagine that communities have had substantial time to evolve effective mechanisms to protect 
local commons, but humanity so far has had comparatively little experience in dealing with threats to global 
commons. 
23 Furthermore, many common resources were only partially protected. Jackson et al (2001) provide 
numerous examples of altered marine ecosystems, damaged if not quite ruined, by pre-industrialised humans, 
mainly because of over-fishing. 
24 Protecting the stratospheric ozone layer. 
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resources, and yet allows sufficient incentive to develop the technological improvements that 

can minimise any increase in impact. 

Kuznets (1955) postulated that an inverse U shaped relationship exists between 

inequality and industrial development, so that inequality first increased then decreased as 

development proceeded. Though there is little evidence for Kuznets’s theory as he described 

(Decker, 1996), there is more evidence to suggest that, at least for certain substances, such a 

relationship describes certain forms of pollution (Magnani, 2000). Similarly, an inverse U 

shaped relationship may exist between income inequality and sustainability. At one extreme, 

excessive inequality is likely to encourage excessive spending on private goods at the expense 

of public goods (Magnani, 2000). This is likely to lead to erosion of natural capital at an 

unsustainable rate, and indeed this is currently occurring. 

Nonetheless “excessive” equality, beyond a threshold, be it of income, political power, 

or both, is also likely to lead to a scarcity of incentives and to impair technological and general 

progress.25 Extremely low inequality appears to characterise at least some26 resource-scarce (on 

a per capita basis) societies, such as the Bomagai-Angoiang of New Guinea27 studied by the 

geographer and human ecologist William Clarke (1977).  

Clarke identified seven “principles of permanence”, one of which was a fairly even 

distribution of energy among the human population.28 He argued that many of these principles, 

including a global decentralisation of power, and a focus on small, autonomous systems would 

apply to a hypothetically permanent global society. 

A trade-off may exist: more complex, hierarchical societies than the Bomagai-

Angoiang may not be as sustainable, yet facilitate sufficiently population-dense environments 

                                                 
25 Cuba may be a partial counter-example to this argument. Cuban life expectancy and literacy are high while 
income inequality is low. I am not in a position to disentangle the various factors that impinge on the Cuban 
economy and environment, except to note that it is more agrarian than Eastern Europe, has a more benign 
climate, and has long been subject to a debilitating economic blockade that has also limited its tourist income. 
These factors make any generalisation problematic. 
26Low inequality is far from an invariable characteristic of some pre-industrial and even pre-agricultural 
societies, such in the salmon-based economies of the north-west North American coast, which not only 
practised slavery, but complex potlatch ceremonies, that involved the deliberate destruction of valuable 
resources (Bataille, 1988). These ceremonies also contributed to the evolution of an economy with nascent 
forms of debt, interest and forms of insurance (Hayden, 1985). I suggest that potlatches may have also served 
a function of preserving incentives, because they meant that both resources and labour were wasted, rather 
than being directed to the poor. 
27 Highlanders still living a largely traditional lifestyle. 
28 He identifies a widely dispersed control of resources, with “little energy is required to preserve social 
coherence because the socio-economic structure is lateral rather than hierarchical” (Clarke, 1977: 374). In 
other words, few transaction, insurance and policing costs. 
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to foster the emergence of writing, sophisticated astronomy, the erection of large monuments 

and so on. Only the most ecocentric humans are likely to wish that this had never occurred, 

and that instead, humans had stayed in some imaginary Eden (Dubos, 1979; Mukta and 

Hardiman, 2000).  

Of course, there is considerable evidence that pre-literate human populations could 

profoundly alter their natural environment on a continental scale (Flannery, 1994, Krech, 

1999). Nevertheless, it seems almost certain that most indigenous populations – especially 

those who had restricted opportunities for trade or conquest, consciously limited their 

environmental impact, and thus maintained a human presence for long periods. The 

civilisation failure that occurred at Easter Island is an exception, and even there it did not lead 

to the extinction of all human life.29 

Conclusion 

There are few studies of human carrying capacity that adequately consider 

imagination, foresight and planning. Incorporating these elements of complexity theory into 

demographic theory is urgently needed. Rambihar (2000) defines post-normal science as 

emerging from the non-linear dynamic theories, recognizing irregularity, subjectivity and 

uncertainty as intrinsic and fundamental. In contrast, Rambihar defines normal science as a 

problem-solving approach, with uncertainty managed and values unspoken. 

Foresight is likely to reduce the maximum theoretical carrying capacity for most 

populations, as powerful sub-populations seek to appropriate an exclusive reserve bank of 

unappropriated resources, thus denying them to the less entitled (Sen, 1981; 1993). The recent 

attempt by Lutz and colleagues (Lutz et al., 2001) to forecast the date of the maximum global 

population has been interpreted as a probabilistic forecast (Keilman, 2001). However, the 

probability Lutz et al (2001) have assigned to the world population in 2030 being less than it 

currently is appears to be zero. Unfortunately, this is unrealistic. 

Inequality increases the carrying capacity of a given area, if the resources used by the 

incremental population are less than the average. However, if the population increases beyond 

                                                 
29 Humans did, however, die out on Kangaroo Island, separated by rising seas from the South Australian 
coast. Flannery (1994) argues that the human population was too low to be sustainable. Were it not for 
modern technology, the Pitcairn Islanders would probably have also died out for a similar reason. 
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a threshold, civilisation failure is still likely, through mechanisms such as war, epidemic and 

famine. Migration and the import of offshore carrying capacity are commonplace on local, 

national and regional scales, but clearly impossible at the global scale. The human population 

expansion, of almost 400% in the last century, has been made possible by a massive 

appropriation of environmental resources previously buried in the ground, or used to support 

non-human species, and by impressive technological improvements. In addition, tolerance, 

ignorance and indifference by high-income populations towards low-income populations have 

slowed the demographic transition in the South. Though technological improvements are 

continuing, they are not currently occurring at a rate sufficient to protect the diminishing 

buffer of unappropriated carrying capacity. Reducing the scale of global inequality is also 

necessary to lower the risk of political and economic instability which itself threatens to 

precipitate civilisation failure.
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Chapter nine: Summary, further research, and conclusion 

Major contributions made by this thesis are reviewed, and several suggestions for future 

research are suggested. The most important contribution is the identification of global inequality as 

a causal factor for unsustainability. A new vocabulary that may contribute to the emerging field of 

sustainability science has been expounded. The thesis has also made several contributions to the 

economic and environmental indicator literature. It has also argued that carrying capacity theories 

need to explicitly consider the appropriation of carrying capacity by powerful populations. Finally, 

the thesis has argued that several scientific disciplines have failed to sufficiently confront the 

illusions expressed by the Cornucopian enchantment. 

Civilisation must surmount many challenges in the coming centuries. Humanity is part of 

a single ecological, economic and social system. If civilisation is to survive then the next phase of 

globalisation requires new ways of thinking that recognise this unity, and new policies that provide 

hope for all of its population. 
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Introduction: global civilisation, sustainability and philosophy 

Though their worth is for others to judge, I believe this thesis contains many 

significant and novel ideas, arguments and findings. Probably the most important is its 

contribution to the debate that concerns sustainability. This word is frequently used carelessly, 

and may even suggest to some that life itself is at risk. Unfortunately, the scepticism that such 

an interpretation should properly provoke1 may have harmed the environmental cause. 

Unsustainability is of greatest concern not because it threatens the extinction of all life, 

nor even that the grandeur of tropical forests and the bounty of thriving ecosystems are 

increasingly virtual. Humans are well-adapted to dealing with loss, and - ignoring the 

existence or intrinsic value of other species – it is possible to envisage most of our descendants 

enjoying full and happy lives, even if largely fed and entertained by machines.2 

Sustainability should be one of the great concerns of our time, but not because of the 

eco-philosophy, nor even utilitarian arguments that bio-prospectors may discover the elixir of 

life if only enough species can be preserved. While a few poets have long appreciated the 

wilderness, most of their fellows will happily trade it for the stability, security and 

predictability of a more ordered environment, be it agricultural, pastoral,3 industrial, or 

ornamental. 

The increasing globalisation of economic and political human society, together with 

weapons of mass destruction, mean that it is not wilderness that is primarily threatened by 

unsustainability, but order. Unsustainability risks something far more ephemeral than the 

biosphere: civilisation. Humanity may well have instigated the sixth mass extinction, but this 

alone would not threaten human order. However, the loss of ecosystem services, including 

those afforded by biodiversity, together with our weapons, our interconnectedness, the 

declining growth in the expansion of global carrying capacity, and global legal and social 

systems that lag these realities mean that a substantial risk of civilisation failure exists in the 

coming decades. 

                                                 
1 “Extremophiles” adapted to environments from high in the atmosphere to deep in the ocean (Myers, 2002) 
suggest that at least some life on Earth will cope even with nuclear winter. Self-organisation and the 
increasingly frequent discovery of planets beyond our solar system give increasing credibility to life being an 
almost ubiquitous universal phenomenon. 
2 This scenario is hardly science fiction. 
3 Non-agricultural societies, such as Australian aborigines, managed much of the landscape to increase its 
human carrying capacity by means such as fire. 
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The insistence that unsustainability is primarily an anthropocentric (or more precisely 

“civilisation-centric”) concern is a major contribution made by this thesis and should help to 

clarify this debate, because as yet, this view is little appreciated.4 Some cynics may argue that 

we deserve to lose our civilisation, or that it is the nature of civilisations to rise and fall. 

Perhaps the latter is true, but loss of the world’s first global civilisation is of more concern 

than of any previous regional civilisation, not only because the scale is larger, but because, at 

the worst case, recovery may take centuries, if not millennia.5 

A new vocabulary to explain unsustainability 

A major contribution in this thesis has been the proposal and elucidation of several 

new phrases and terms to facilitate the debate regarding sustainability. These include “carrying 

capacity co-factors”, “civilisation failure”, “civilisation services”, “civilisation transaction 

costs”, “clastes”, the “consumption bomb”, the “Cornucopian enchantment”, “critical global 

environmental change”, “ecological entrapment”, “environmental brinkmanship”, the “global 

guerrilla war” and both “marginal” and “sustainable” carrying capacity. The sustainability 

transition has been differentiated to the “attitudinal”, “organisational”, “technological” and 

“social transitions.”6 In addition, I have argued that demographic entrapment remains a useful 

term.7 

This vocabulary synthesises and compresses the findings of a substantial literature. Its 

acceptance, at least partially, and at least as propositions for debate, would clarify and 

facilitate a more sophisticated debate concerning sustainability. Language, including scientific, 

is constantly developing new terms and competing “memes” (Dawkins, 1976). While many 

new terms are ephemeral, it is clear that the emerging field of sustainability science warrants 

                                                 
4 In a recent interview, shortly before he died, the eminent archaeologist Rhys Jones criticised what he 
perceived as immaturity within the environmental movement, pointing out humanity coped with a far larger 
rise in sea level at the start of the current interglacial period than worst case global warming, and he also 
suggested that the enhanced greenhouse effect might usefully delay the onset of the next ice age. But Jones 
(and the interviewer) neglected to say that unlike at the dawn of the Holocene, billions of humans, with their 
infrastructure, now live close to the sea, that they are armed with nuclear weapons, and have far less 
flexibility for migration. Jones might also have added that the current frenzy of fossil fuel consumption, even 
if it were to precipitate an era of unusual warmth lasting for a millennium, would not be a significant time 
compared to a glacial period (Jones and Williams, 2000). 
5 At least some knowledge and technology developed by previous civilisations, such as writing, diffused to 
other developing civilisations.  
6 See glossary. 
7 John Guillebaud, though a supporter of the concept, is critical of the term, arguing that like 
“Malthusianism”, it is tainted by preconceptions. My response is that the critics of this term have 
misinterpreted the work of King and others, that the term is in fact little known to the general public 
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and will in time develop a substantial vocabulary. The terms proposed here are not just 

intended for scientific use; it is also hoped that the general public will adopt at least some of 

them. 

Economic contributions  

The thesis has made several substantial contributions to both economic theory and to 

economic data analysis. It has demonstrated that the quantitative extent of global income 

inequality over recent decades exceeds previous estimates, and has refined an existing 

measure of global income inequality, by adjusting the global Gini coefficient for national 

income distribution. The time series of annual global income inequality presented in chapter 

six are a substantial improvement over previous measures of global income distribution, not 

only because they partially adjust for national income distribution, but also because of their 

annual resolution and the consistently high percentage of the global population included in the 

analysis.8 

In addition, the thesis has suggested, for the first time, that changes in the Kravis 

coefficient act as either a hidden interest or subsidy for countries repaying loans in exchange 

adjusted currency. Many new criticisms of the theory and measure of purchasing power parity 

adjusted measures of national income have also been made. For the first time that I know of, 

the concept (and phrase) of “international purchasing power” has been proposed, as well as the 

suggestion that the most appropriate indicator for this is foreign exchange adjusted currency. 

Environmental and sustainability indicators 

The thesis has also made important contributions to the emerging literature about 

indicators of global change. The Index of Global Environmental Change improves on previous 

indicators because it is more comprehensive, available at an annual resolution and has less 

selection bias. The index has a rational, easily understood, and as far as I know, a unique scale, 

in which the maximum represents a non-arbitrary pre-anthropogenic level, while the minimum 

represents arbitrary, but scientifically well-supported levels that are proportional to the 

maximum level.  

                                                                                                                                                     
(especially outside the UK), who will not automatically be prejudiced against it and that succinct alternatives 
to “demographic entrapment” are scarce. 
8 Especially in the FX adjusted series. 
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The combined index is thus independent of the original, disparate, measurement units.9 

It can be expanded to numerous other measures, and has potential applications in other fields.10 

The time series measures of stratospheric ozone thickness, weighted for surface area 

improve on most existing measures, because they provide rational evidence of the extent of 

ozone depletion over a given area and time, rather than relying on potentially misleading 

measures such as the maximum size or duration of the ozone hole. Though shown here for the 

globe and each extra-tropical hemisphere, the principles could be used to construct similar 

indices for any given latitutudinal band. In this way they have more flexibility than the only 

similar measure of which I am aware that of the total mass of ozone; as this measure is 

restricted to a global measure (Bodeker et al., 2001). The thesis also contains, again for the 

first time that I am aware, an analysis of global per capita grain production that includes 2000, 

and provisionally, 2001. 

Carrying capacity, demography and economics 

The thesis has made a number of contributions to human carrying capacity theory. 

These include the need to consider the effect of human imagination, foresight and fear, as well 

as the appropriation of carrying capacity by powerful populations. It has identified and 

criticised a serious contradiction in demographic theory; its failure to seriously and 

dispassionately consider the relationship between global human carrying capacity and 

estimates of the future global population, yet at the same time position itself as the most 

authoritative source of estimates of the future global population. The economic profession has 

also been criticised for its naïve acceptance, in recent decades, of cornucopian theories of 

development. 

Public health and epidemiology 

The thesis has, it is hoped, widened the legitimate scope of epidemiology and public 

health. Although the literature drawn from in this work is from many disciplines its broad 

findings fit at least as well within public health as any other single discipline. Public health, as 

well as having a concern for the health of future populations, also has a tradition of 

investigating the interaction between health, poverty and inequality. Epidemiology, as the 

                                                 
9 Such as the thickness of the ozone column, the area of moist tropical forests and the atmospheric 
concentration of methane. 
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basic science of public health, is particularly associated with attempts to understand the causes 

of well-being and disease, both at the individual and population levels. 

The thesis has been critical of the timidity of epidemiology and public health in failing 

to not only adequately consider the impact of planetary overload upon population health, but 

also to sufficiently consider the effects of global poverty and inequality upon global public 

health. It has argued that, similar to demography and economics, the major research directions 

of epidemiologists and public health have in recent decades been channelled to the concerns of 

an increasingly minor fragment of the global population – those with comparatively high 

foreign exchange adjusted incomes. 

There are many reasons for this, and this situation cannot be quickly reversed. 

However, it is desirable for scientists, especially if professing “evidence-based” concerns to 

reflect upon this paradox. Could it be that science, rather than incrementally approaching lofty 

standards of objectivity, has instead become increasingly enmeshed in a web of self-deception, 

determined and enforced by funding patterns, publication bias and self-censorship? 

Inequality and sustainability 

The most important contribution of the thesis has been the detailed, documented 

argument that global inequality and global unsustainability are causally related. Although this 

cannot be proved, even beyond reasonable doubt, it cannot be disproved, and has been shown 

to be worthy of serious consideration. Though not the only plausible cause for 

unsustainability, its identification is important because it provides an additional tool to 

individuals, organisations, and professions who seek to reverse the current drift towards 

critical global environmental change. 

If the analysis of the causal relationship between global inequality and global 

unsustainability is substantially correct then environmental brinkmanship is likely to continue 

unless the trend to increased global income and power inequality is halted, or even reversed. 

The response to the September 11 terrorist attacks provides some evidence that this is 

increasingly recognised, including at the most recent World Economic Forum, held in New 

                                                                                                                                                     
10 For example, it could be used to compare the yields of different crops, with 100% representing the 
theoretical maximum yield, and zero 20% of the maxima. The flow of rivers used for irrigation could be 
similarly measured, with 100% being the historical maximum, and zero being a critical level. 
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York (as does the encouraging financial commitment to the reconstruction of Afghanistan).11 

The great challenge is turn this rhetoric into reality. The obstacles ahead remain profound, and 

far more progress will be needed to substantially reduce the risk of global civilisation failure. 

The tragedy of the commons and inequality as causes for unsustainability 

Many aspects of impaired global sustainability reflect the tragedy of the commons 

(Hardin, 1968; 1998). Though Buck (1985; 1998) and others have convincingly demonstrated 

that such tragedies were comparatively uncommon in the past, at least in sustainable societies, 

it is beyond dispute that many are such tragedies are currently occurring. Recently 

documented examples include the destruction of tropical forests in Indonesia, including within 

its national parks, the ecological damage to many coastal regions, and the overharvesting of 

economically important species, such as the caviar-producing sturgeon and many deep-sea 

fisheries. 

But in many of these cases, inequality can be identified as a causal factor for the 

tragedy, expressed in part by corruption. The role of corruption in the destruction of many 

tropical forests was discussed in detail in chapter one. Recently, Lambin et al., (2001) have 

written: 

“Large-scale deforestation in the humid tropics is predicated on the existence of 

large, sparsely occupied forest regions in which the indigenous inhabitants have 

little or no power12 to influence the exogenous forces acting upon them and the land 

… It is not uncommon for authorities to fail to enforce timber concession 

regulations, exacerbating the damages in areas logged” (Lambin et al., 2001: 265) 

(emphasis and footnote added). 

Poaching has been identified as a major cause of the over-fishing of the slow-

maturing, caviar-producing sturgeon (Stone, 2002a). It has been argued that corruption and 

poaching are increased by poverty, not only absolute, but also relative.13 Poachers and corrupt 

officials aspire to higher living standards, and a seductive path to this is offered by acting 

                                                 
11 Nevertheless, the funds so far promised are dwarfed, by over an order of magnitude, by the proposed 
increase in US military funding (Watts, 2002; Stevenson and Bumiller, 2002). Although the UK is vigorously 
arguing for an increased commitment to international development this approach is increasingly being resisted 
by the US (Anonymous, 2002b). France, a formerly comparatively generous aid donor, has also cut its aid 
budget (Anonymous, 2002c). Oxfam has recently claimed that the Australian foreign aid budget is also under 
further threat. 
12 This phrase illustrates an unequal relationship between different populations. 
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illegally, even if at the cost of future prosperity, for either themselves or others. This illustrates 

the tragedy of the commons, but it also illustrates inequality. Many poachers and corrupt 

officials14 are motivated not just by greed, but also by awareness that they are relatively poor, 

and the realisation that their poverty is unlikely to be improved by honesty. 

Nepstad et al (2002) have recently suggested that deforestation in the Brazilian 

Amazon may be slowing, largely because of improving environmental governance, allied with 

technology.15 Widespread corruption, as in Indonesia, will clearly jeopardise this. The average 

foreign exchange adjusted income in Brazil has consistently been far higher than in Indonesia, 

and since the mid-1970s has approached the global average. Although domestic inequality in 

Brazil has been very marked, there are encouraging signs, additional to that relating to 

environmental management,16 that its quality of governance and level of democracy may be 

improving.17 Its population growth is slowing, and as a country with a substantial 

manufacturing industry and a still comparatively low population compared to its 

environmental resources, it looks set to avoid demographic entrapment, provided its current 

trajectory can continue. 

It is therefore plausible to suggest that the rescue of the ecosystem services afforded by 

the environments in many Third World countries substantially depends upon the populations 

of those countries escaping from relative as well as absolute poverty. By definition, this means 

that global inequality must be reduced. 

Overfishing also illustrates inequality. Only comparatively wealthy populations can 

afford to pay for the harvest of deep-sea fishing. Increasingly, wealthy populations are also 

competing with traditional fishing practices, in coastal fisheries, such as off Senegal and 

Argentina (Ahmad, 2002). In these cases, governments allow foreign fishing fleets into their 

exclusive areas, even at the expense of their own population. In part this reflects government 

indebtedness and vulnerability; it also illustrates the comparative powerlessness of the poor, 

directly dependent on fish for protein. 

                                                                                                                                                     
13 And not only relative to domestic, but to international living standards. This, of course, is better measured 
in foreign exchange rather purchasing power parity adjusted terms. 
14 At least at the low end of this scale. I am not arguing that kleptocrats such as Presidents Marcos, Suharto 
and Mobuto were not primarily motivated by greed. 
15 Especially dependent upon satellite surveillance. 
16 Continuation of these trends would provide further evidence of the environmental Kuznets curve. Again, 
however, it is stressed that such improvements are far from automatic, but depend on the collective efforts of 
hundreds of thousands of people in an attitudinal transition. 
17 Including its vigorous anti-HIV/AIDS campaign. 
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Population, affluence, technology and inequality as causes for unsustainability 

Though Lomborg (2001), Simon and most demographers deny that the world is now, 

or soon will be, “overpopulated” many others will argue that a root cause of environmental 

brinkmanship is the enormous population of Homo sapiens. This is undeniable, but again, 

global inequality can be identified as both a cause and effect for both the comparatively slow18 

rate of global demographic transition. I have also proposed that inequality is a cause for the 

rejection of important and previously well-accepted conclusions, understood by many 

economists and politicians in the early post WWII decades: that excessively rapid population 

growth is a cause for national economic unsustainability. 

Others will point out that affluence and technology are at least as important causes of 

unsustainability as overpopulation. This is not disputed, but again, it is argued that powerful 

economic and political forces have delayed, and continue to obstruct, the attitudinal and 

technological transitions that are required to ensure global civilisation sustainability. 

Paths to sustainability 

Even in the best case, the buffers that protect humanity from critical environmental 

changes will continue to be eroded for at least the next century. Civilisation will need luck to 

survive. To minimise a risk that should properly be regarded as unconscionable, civilisation 

needs to urgently adopt policies to accelerate the sustainability transition. Reducing inequality 

will accelerate the demographic transition, while global technological and organisational 

transition will slow environmental brinkmanship. 

Foreign aid and development 

Policy makers need to devise ways to redistribute wealth to poorer populations. Some 

commentators argue a main reason for the reluctance of the current US administration to 

expand foreign aid is scepticism that it is an effective way to relieve poverty (Anonymous, 

2002a) while others point to indifference (Anonymous, 2002b). There is also a reported 

divergence of opinion between the World Bank, the UNDP19 and the US government 

                                                 
18 Global population growth actually slowed in the late 20th century in accordance with UN projections, 
despite reduced family planning emphasis and aid. My point is that it could have slowed even more, had 
Third World development been more of a priority, and if many Western governments had given less credence 
to the Cornucopian arguments. 
19 And, perhaps, even, the IMF (Friedman, 2002). 
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regarding Third World development strategies (Anonymous, 2002c).20 Given its recent track 

record, a degree of scepticism about foreign aid is understandable, but the effectiveness of 

foreign aid in the early post WWII decades has probably been underestimated. 

Analysis of the effectiveness of foreign aid also needs to more fairly consider the 

influence of corruption in the Third World, and the degree to which the aim of genuine long-

term development and poverty alleviation is undermined by political and macro-economic 

policies that reinforce global inequality. The discipline of Third World development has itself 

been comparatively marginalised in recent decades. An excessive acceptance of free market 

principles and the Cornucopian enchantment as “automatic” paths to both development and 

demographic transition have been substituted for analysis that might be more critical of those 

with wealth and power. This discipline needs rejuvenation. 

A swing back to regulation? 

Hirschmann (1982) has argued that public opinion has, in recent centuries, oscillated 

several times between support for and opposition to market deregulation. There are increasing 

signs that the global pendulum is now starting to swing towards more regulation (Callahan, 

2002). This is hinted at by the increasing isolation of the current US administration regarding 

Third World development, and by the deep unpopularity of defeated and discredited extreme 

pro-market governments and policies in the UK, New Zealand and Argentina.21  

In the US, concerns about privatisation have been raised by the Californian electricity 

deregulation debacle (Sanchez and Booth, 2001), the collapse of the energy trader Enron and 

growing awareness of the vulnerability of deregulated economies to conflicts of interest and 

corruption, including among auditing companies (Berenson, 2001; Chancellor, 2002; Safire, 

2002), stock market analysts (Morgenson, 2002), political parties (Herbert, 2002; Wayne, 

                                                 
20 A main sceptic within the US administration is reported to be Paul O’Neill. At the same time, O’Neill has 
been reported as the most highly ranked official in the current administration who gives credence to the global 
security threat of climate change (Haimson, 2001). I have not read any reports that illustrate O’Neill’s 
preferred strategy for improving poverty and simultaneously reducing the risk of climate change; possibly he 
does not see them as linked. Note too that the position of James Wolfensohn, head of the World Bank, was 
reported as under threat in 2001. This threat may be increasing, yet at the same time Wolfensohn’s view 
seems to be gaining support elsewhere. 
21 Argentina, like New Zealand, was until recently lauded as a model of economic deregulation. Analysis of 
the chaos in Argentina is complicated by its corruption, national inequality and its exchange-rate policy, 
which saw the peso pegged to the US dollar. My main point is that deregulation did not generate the 
widespread prosperity predicted by its advocates. 



Chapter nine: Summary, further research, and conclusion  

369 

2002) and the media. Insecurity has also been linked with market deregulation, not only at 

airports but even to the risk of rogue nuclear weapons.22 

It is impossible to fully disentangle environmental factors from the other root causes 

that underlie war, terrorism and conquest. Elevating the issues raised in this thesis to a far 

more prominent position in the debate about the future is vital, and scientists, including from 

public health, economics, and demography need to add their voice to ecologists and ecological 

economists, in order to enable the sustainability transition. The domination of the media by 

“pre-normal”, in contrast to “post-normal” (Rambihar, 2000), economic and scientific theory 

adds to the risk that the public support and understanding needed to facilitate this transition 

will not be achieved in time. Scientists face the difficult challenge of conveying the reality of 

uncertainty to the public, and yet retain sufficient authority to be persuasive. 

Scientists also need to shed other communication inhibitions,23 and to develop a culture 

with a greater tolerance of publicity (Emsley, 2001; Kaiser 2000e; Salomon, 2001). The world 

wide web and the internet are powerful tools for the dissemination of information, but require 

substantial infrastructure and a literate population. Primary schools and hand-powered radios 

may be even more important. 

Commitment, uncertainty and a campaign of hope 

A major element needed to gain the necessary level of public support to effectively 

deal with the global environmental crisis is by generating a greater tolerance for, and more 

sophisticated understanding of, scientific uncertainty. Paradoxically, a vigorous campaign to 

accelerate the sustainability transition will require widespread public support, and an 

international commitment possibly greater than that seen in any war to date. The ability to 

gather this support will be problematic, given the scientific uncertainty that will inevitably 

remain. 

However, advocates of the sustainability transition have many powerful arguments to 

call upon, including the multiple benefits that can flow from exercising the precautionary 

                                                 
22 The government-owned United States Enrichment Corporation was formed in 1992, in part to import 
fissionable material from dismantled Russian nuclear warheads, and to thus make the acquisition of weapons-
grade uranium by terrorist groups and hostile governments more difficult. Despite the warnings of Joseph 
Stiglitz, this was privatised in the mid-1990s. According to Kennedy (2002b), little if any uranium has 
actually been purchased, because of wrangling over price. 
23 Including a judicious use of passion in their language and writing (Carmody, 2001; Cobb, 2001). 
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principle.24 These include the increased stocks of natural capital for future generations, the 

reduced economic dependency upon fossil fuels and the reduced risk of terrorism in a less 

unequal world. Such a campaign25 is likely to liberate a great deal of hope, especially among 

young people in developing, increasingly urbanised countries, who currently remain at high 

risk from depression.26 

Writing from South Africa, Benatar notes: 

“We live in a divided world, in South Africa and elsewhere: a world in which the 

humanity of some has been sustained at the expense of others; a world of 

exploitation in which ambitious nations have not yet had the courage to 

acknowledge their own weaknesses and begin to move towards a concept of global 

citizenship that must surely be as inevitable as the eradication of apartheid. Herein 

lies the excitement of recent developments in South Africa. This country represents 

both the world’s problems and its potential solutions in microcosm. Recognizing 

and acknowledging this will add to hope for global progress by restoring faith in 

the ability of humans to see themselves at the edge of an abyss and to step back, 

rethink and choose a path to peace and progress”(emphasis added) (Benatar, 2001: 

367). 

De Snoo and Bertels (2001) recently have called for the awarding of Nobel Prize for 

sustainability. They point out that the prestige of the Nobel Prize is still unparalleled, and 

suggest that it would elevate the media and political profile of sustainability, at best being a 

“powerful impetus for humankind”.27 

                                                 
24 For example, reducing greenhouse gas emissions by developing renewable energy sources will benefit air 
pollution, especially in developing countries, with substantial benefits for respiratory health (Cifuentes et al., 
2001a; 2001b; Davis et al., 1997; Seip et al., 2001), grain yields (Chameides et al., 1999) and also reduce 
economic vulnerability to oil shortages. 
25 Benatar (2001: 353) credits Barnet and Cavanagh (1994) with calling for a ‘global new deal’, to ameliorate 
the adverse effects of capitalism, achieve economic growth, social stability and a sustainable environment. 
Prior to this, Gore (1992) called for a new Marshall Plan, on a global scale, to overcome environmental 
degradation. 
26 The global burden of disease study predicts unipolar major depression, by 2020, to be the second leading 
cause of disability adjusted life years lost (Murray and Lopez, 1997a). In turn, behavioural consequences of 
depression are likely to be an important contributor to other major causes of death and disability. 
27 They suggest that Greenpeace or the Club of Rome could be suitable inaugural recipients. They also 
suggest that, as additional Nobel Prizes are unlikely, the existing Prize in Economics be replaced – claiming 
that some economists question whether their field can really generate a sufficient number of suitable 
candidates. 
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Traversing the bottleneck 

Civilisation is destined to traverse the next century, weighed by a human load of at 

least six to eight billion people, awash with weapons of mass destruction in an environment 

that continues to deteriorate. The next fifty years appear the most critical, because, assuming 

domed population growth, the human population will increase throughout this period. While 

this prospect is worrying, it is far preferable to the alternative irruptive pattern. Any conflict on 

a scale sufficient to significantly reduce the total human population in this period entails 

significant risk to the entire global civilisation. 

Even if domed population growth occurs, significant risk of civilisation failure, as a 

result of planetary overload, will remain for at least a century following the time of maximum 

population, until the lagged effects of resentment and global environmental change start to 

abate. Further surprises to the global environment are likely, and safe traversal of civilisation’s 

bottleneck to the future appears, without hyperbole, imperilled if runaway climate change 

were to occur. 

Ecosystem repair and protection in the South 

Some commentators advocate the protection of biodiversity in the South through 

interventions such as the purchase of rainforest and other biodiverse areas by those with the 

means to do so.28 Sustainable, non-lethal hunting by tourists may also provide incentives for 

the maintenance of biodiversity (Kremen et al., 2001; Niiler, 2001), as may niche ethical 

markets for sustainably harvested products (The Economist, 2001).  

Kremen et al (2000) examined the cost-effectiveness of conservation by comparing the 

costs of preserving tropical rain forest with the opportunity costs of foregone logging, using a 

case study involving a biodiversity-rich national park in Madagascar. They concluded that, 

though conservation generated significant benefits over logging and agriculture at local and 

global scales, it failed to do so at a national scale, and that therefore substantial additional 

transfers from the international community will be required to ensure protection. The Clean 

Development Mechanism of the Kyoto Protocol, which would allow industrialised countries 

to exceed domestic emissions quotas by creating equivalent emissions reductions in a 

                                                 
28 EO Wilson has estimated that the price to buy out loggers in tropical forests of Amazonia, Congo, and New 
Guinea would total $5 billion and to protect one-tenth of Amazonia from all threats would cost $250 million, 
an amount equal to the bill for the failed Pathfinder probe to Mars (which was sent with the primary purpose 
of seeking new forms of life) (Myers, 2002). 
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developing country provides a possible route to enable this, but in turn success will depend 

upon widespread governmental and public support. 

An important, little-raised problem with tourism-based proposals to protect 

biodiversity is its harmful environmental impact (Hewett, 2000). Greenhouse gas emissions 

from aircraft are a small but not insignificant component of the global greenhouse gas burden 

and they are growing. Efforts to reduce this have so far been insignificant. Aircraft emissions 

are excluded from accounting by the current version of the Kyoto Protocol, allegedly because 

of the difficulty in matching targets with different countries of origin. Aircraft contrails may 

also affect climate change, including by promoting the formation of heat trapping cirrus clouds 

(Seinfeld, 1998).29 The embedded energy in aircraft, which have comparatively short working 

lives, is also significant. Ground-based tourist infrastructure is generally an intense generator 

of carbon emissions and in other ways creates a heavy demand for natural resources. This may 

be heightened by frequent demand and competition-driven facelifts to resorts, which further 

increases the energy and resource cost. Full-cost accounting of the tourist industry may reveal 

that, without significant greening, its net contribution to environmental protection is likely to 

remain strongly negative. On the other hand, forms of tourism that are deliberately less 

exploitative of both people and the environment, could promote sustainability, by transferring 

wealth, ideas and friendship at the same time as creating an incentive for biodiversity 

protection.30 

Geo-engineering 

Human activities during the Anthropocene have, accidentally, changed many aspects 

of the Earth’s biosphere, chemistry, atmosphere and climate. Some workers have proposed 

that deliberate, compensatory changes be made, to try to ensure that the Earth remains optimal 

for civilisation. These changes have been called “geo-engineering” (Keith, 2000; 2001; 

Schneider, 2001a). Their most frequent manifestation is proposed climatic and atmospheric 

manipulation, such as enhancing the cooling effects of aerosols (Smith et al., 2000b) and 

fertilising the ocean with iron to enhance the carbon sink (Chisholm, 2000).31 

                                                 
29 During the day, cirrus clouds increase albedo, causing a cooling effect, but at night they trap heat. 
30 Perhaps there will be a return to airships and a spread of solar and wind assisted boats. The generally 
exploitative nature of much tourism was discussed with reference to purchasing power, in chapter four. 
31 Numerous patents were filed concerning oceanic fertilisation, in the anticipation that a market would 
develop in tradeable carbon credits, including by oceanic fertilisation (Chisholm et al., 2001) 
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Proponents of oceanic fertilisation claim that it is an easily controlled, verifiable 

process that mimics nature, that is environmentally benign, and that it provides a long-term 

solution to CO2 accumulation. Chisholm et al (2001) dispute all of these claims. These authors 

are particularly critical of the claim that artificial fertilisation will be benign, using the analogy 

of the unexpected and deleterious marine ecosystem effects that resulted from nitrogen 

fertilisation. They also point out that models have shown that sustained fertilisation would 

result in deep oceanic hypoxia, which would shift the microbial community towards organism 

that would produce more potent GHGs, such as methane. They conclude that permanent 

geoengineering solutions are needed to sequester carbon into the “slow carbon” cycle.32 

Other proposed geo-engineering solutions include the injection of CO2 into abandoned 

oil fields (Abelson, 2000), chemically scrubbing CO2 from the atmosphere (Elliott et al., 2001) 

and sequestering CO2 into the deep ocean (Irion, 2001b; Seibel and Walsh, 2001). Russian 

engineers have also proposed a way to repair the stratospheric ozone layer using orbital lasers 

(Schellnhuber, 1999). 

Like Schellnhuber (1999), Schneider (2001c) invokes the Greek myth of Prometheus33 

to caution against reliance on geo-engineering solutions to the current global environmental 

change crisis.34 Chisholm (2000) and others (Chisholm et al, 2001) also warn that the 

deliberate injection of iron into the oceans may have numerous unexpected effects, such as 

oceanic de-oxygenation, the generation of new greenhouse gases. Seibel and Walsh (2001) 

caution that even small perturbations in marine CO2 or acidity may have important effects on 

deep-sea ecosystems and global biogeochemical cycles. 

Most geo-engineering solutions appear speculative at this stage, and are unlikely to be 

safely realisable, theoretically, practically or politically, on the scale required in the time 

needed. In the meantime, civilisation continues with its own form of geo-engineering: 

unplanned, unskilful, and almost certainly unhelpful. 

                                                 
32 This is the cycle driven by volcanic outgassing of CO2, the metamorphic weathering of silicate rocks, and 
the formation of fossil fuels. In comparison, sequestration of CO2 into the biological carbon cycle will, at 
best, only buy a little time. 
33 Prometheus stole fire from the gods and gave it to humanity, but in so doing incurred the wrath of Zeus, 
who had Prometheus chained to a rock, where an eagle constantly preyed upon him. 
34 Perhaps what is needed to balance the hubris and risk of Prometheus is a greater prominence of the Hindu 
deity Vishnu, the preserver, in human affairs (thanks to Professor Mark Elvin for this suggestion). 
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Global security and global inequality 

Although dominant security strategy relies on the maintenance and even intensification 

of inequality (Hurrell, 1999) analysis of the recent anti-US terrorism lends credence to the 

counter-view, that excessive inequality is in the long run counter-productive to security. 

Whether or not global inequality is significantly reduced in the next few decades, the wealthy 

and powerful fragment of humanity need to more fully consider the security and public health 

risks of global environmental change (Butler, submitted). 

If the most powerful voices of global society can be persuaded, by people such as Paul 

O’Neill (Haimson, 2001), to treat GEC with the seriousness it deserves, then rapid progress 

towards the sustainability transition may yet be possible. This could involve a coalition of 

forces including the global advertising, entertainment and media industries, to influence public 

opinion, generous increases in effective foreign aid, and new technologies, including to the 

poor (Yunus, 1998). Accelerated demographic transition, may be possible through education 

(Caldwell, 1986), the media (Cohen, 1995a: 66; Martine, 1996) and social marketing of 

contraceptives (Black, 1999). Lifting of the prohibition against birth control by the Vatican 

(Verkuyl, 1993) would be a welcome contribution to this.35 Rapid decarbonisation of the 

global electricity, housing and transport industries is also vital, to minimise the risk of 

runaway climate change. The scale of activity needed would exceed that of WW II and dwarf 

the Marshall Plan that succeeded it.36 Although this prospect still appears unlikely,37 the 

resources needed probably exist, and could be harnessed if both elite policy makers and the 

general public of economically and political powerful nations understand the urgency, risks 

and benefits. 

                                                 
35 In 1758 Otto Lütken, a Danish rector, recognised that “since the circumference of the globe is given” the 
Creator’s exhortation to be fruitful could not continue without limit (Cohen, 1995a: 7). In 1994, a lay panel of 
the Pontifical Academy of Sciences advocated birth control, a report that reportedly infuriated Pope John Paul 
II (Cohen, 1995a: 290-1). Logie (1993) points out that African women, denied protection from both 
unplanned families and HIV/AIDS because of the prohibition on condoms, have a right to be enraged at the 
Pope. More darkly, allegations persist that Pope John Paul I was murdered because of his support for birth 
control. By contrast, Islam contains no prohibition against birth control (Butler, 1994); Cohen (1995a: 291) 
reports that companions of the Prophet Muhammad practised coitus interruptus. 
36 The Marshall Plan required, at its peak, about 2% of US GNP, which is about twenty times the current US 
commitment to foreign aid. 
37 But less likely following the comments made at the 2002 World Economic Forum. See previous footnote 
and Butler (submitted). 
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Contrarians, uncertainty, evolution and the media 

The existence of diverse, strongly held viewpoints, including within the scientific 

community, is not surprising. Diverse views among populations, in the face of constant, 

unchanging uncertainty, may be evolutionarily advantageous, as well as being a reflection of 

free speech and democracy. Diverse views probably facilitate experimentation, and ensure that 

at a least a fraction of the population will hold a “correct” view, no matter what reality 

emerges. 

The advance of civilisation is likely to be facilitated by leadership which can sift 

through the chorus of opinion, at times dissonant, to select the strategy that maximises 

sustainable prosperity. With regard to many aspects of sustainability, including the hazards of 

climate change, the overwhelming majority of informed scientific opinion now holds the view 

that humanity faces a crisis. Of course, they could be wrong, but social banking on this is 

irrational.  

Rhodes (1996: 42) identifies trust between government and science as a major reason 

for the US development of the atomic bomb, and its subsequent lead in nuclear weapons over 

the USSR. In contrast to the US, Josef Stalin long distrusted his scientific advice,38 and this 

significantly delayed Soviet development of nuclear weapons. We now face a somewhat 

similar situation – as in WWII, elite scientific consensus is trying to tell government that 

adverse global environmental change is a major problem. But as yet, most governments are 

unwilling to give these alarms the serious attention which scientists feel is warranted.39 

In the case of Stalin, scientific advice was ignored, in part, because of Stalin’s 

paranoia, one man held excessive political power; inequality was extreme. In the modern 

world, of course, power is not concentrated at a global level in the same way that Stalin held it. 

Nevertheless, an elite, wealthy and profitable core of the global population continue to exert 

immense political and economic power, and this group currently persist in their view that 

dealing with adverse global environmental change is not an urgent problem. 

                                                 
38 That is, that nuclear weapons could be developed given sufficient resources. 
39 Several industrial countries, including Japan and in Europe, appear to currently be on the verge of ratifying 
the Kyoto Protocol. Plausibly, analogous to the Montreal Protocol and its successors, the Kyoto Protocol will 
constitute the baseline from which an effective global climate protection treaty evolves. However, the US 
government continues to emphasise, and according to Trenberth (2001), misrepresent and exaggerate these 
uncertainties so as to justify its current disengagement from the Kyoto Protocol. 



Chapter nine: Summary, further research, and conclusion  

376 

Although both the media and policy makers should continue to give some oxygen to 

the contrarian opinions,40 the media would better inform the public if they could identify when 

contrarian opinions are influenced by public relations techniques, the power of vested 

interests, and unproven cornucopian thinkers. No politician or millionaire would consider 

undergoing cardiac surgery performed by an amateur surgeon; why then do so many 

influential people appear to uncritically give so much weight to the opinion of non-specialists 

concerning the risk to sustainability? 

Unfortunately, two influential social sciences, that of demography and economics, 

appear to have also been excessively influenced, in recent decades, by the Cornucopian 

enchantment (Butler, submitted). Greater exposure to biological, ecological, and 

environmental science, during their formative years of training, might reduce their naïveté. 

Future research suggestions 

This thesis should stimulate further work in several disciplines. It may lead to attempts 

to quantitate civilisation failure, using a scenario-based approach. The thesis should serve as 

an incentive to both extend and improve measures of global environmental change and also of 

inequality. It should stimulate a more critical examination of the concept of purchasing power 

parity income, further development of measures of genuine income, and of the relationship 

between exchange adjusted and purchasing power parity income. 

Scenarios of civilisation failure 

Scenario-based approaches are increasingly used to forecast the future. Essentially, 

scenarios are mathematical models that ascribe probabilities to different factors, or scenarios, 

both present and future. While a rigorous examination of scenarios that try to forecast the risk 

of civilisation failure is not attempted here, an estimation of its risk would be amenable to this 

approach. 

For example, if the carbon sink loses its strength, and if the proposed US attempt to 

foster a transport system based on fuel cells41 fails, and if the recent downward trend in 

Chinese greenhouse gas emissions is temporary, then climate change over the next century 

may approach the upper limit of the estimated 90% probability. If, on the other hand, the 

                                                 
40 The alternative being a rigid form of censorship. 
41 Introduced for direct national security reasons concerned with the political difficulty of ensuring oil, rather 
than indirect security reasons concerned with limiting climate change (Malakoff and Service, 2002). 
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global community takes seriously the recent recommendations of the Commission on 

Macroeconomics and Health, led by Jeffrey Sachs42 (Anonymous, 2002c; Abbasi, 2002; 

Hutton, 2002; Boseley, 2002), then political instability in East Africa and West Asia may 

abate, and so too may support for anti-western terrorism. While the number of factors and the 

complexity of their interactions may seem daunting, this in part may reflect the youth of 

sustainability science rather than being an insurmountable problem. To a viewer from space, 

would the global human civilisation really appear that complex?  

Of course, certainty is impossible, but it may already be possible to approximate the 

risk of global civilisation failure over the next century. The probability of severe global 

civilisation failure in the next century may be between 1% and 5%, with an even higher risk of 

lesser, but still undesirable civilisation failure (even from a wealthy population perspective). 

These risks may seem modest, but in reality they are unconscionable.43 They can and should 

be reduced. 

To develop these models in ways that would have substantial scientific and political 

influence would require the input of far more than a single worker, even one that has explored 

the literature in this thesis. And, even if such expert committees existed then, as with the 

conclusions of the IPCC or the Club of Rome, its findings would likely meet substantial 

opposition from other sectors of human society that feel either threatened or genuinely 

sceptical. However, scientists could and should continue to contribute to this debate. Many do, 

but ethical, scientific and political dilemmas will remain. Some, such as David Suzuki and 

Paul Ehrlich, have been criticised and even ridiculed for allegedly “crying wolf” by parts of 

the lay and even scientific community (Lomborg, 2001), yet have had substantial influence.44 

                                                 
42 Essentially this argues for the prioritisation of health over conventional economic development, arguing 
that health investments are more cost-effective. 
43 Imagine driving a car with a risk of explosion of five percent. 
44 Premature forecasts of global doom have discredited parts of the environmental movement; nevertheless 
many predictions have been partly fulfilled, while other forecasts remain credible, though over a slower rate 
than originally envisioned. 
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Conclusion 

This thesis has drawn on a large area of scholarly work and disciplines, from 

archaeology to futurology and from cosmology to nanotechnology. Yet its basic premises and 

findings are straightforward. Inequality is an inevitable, and even desirable element of human 

society. But, beyond a threshold, excessive inequality threatens to reduce social sustainability, 

including on a global scale. 

Our civilisation takes for granted its ability to exploit environmental resources from 

any part of the world. But the harmful effects of this fall disproportionately on impoverished 

and comparatively powerless populations, both now and in the future. As a result, wealthy 

governments and populations engage in policies that warrant the term “environmental 

brinkmanship”. 

A more equal world is likely to lead to a greater demand for environmentally 

sustainable policies, and will also see acceleration of the demographic and technological 

transitions, needed to enhance the chance of a prosperous, secure and sustainable future. The 

alternative view – that of trying to keep poor populations poor and technologically backward, 

is likely to lead to a higher total population, a more prolonged dependence on carbon-based 

energy, and greater opportunities for the development of resentment, and, probably terrorism. 

Homo sapiens sapiens, the wise primate, needs now to exhibit its wisdom. We are not 

evolutionarily programmed to generate and to sustainably inhabit excessively unequal 

societies, even though competition has always been, and is likely to continue to be a dominant 

feature of whatever environment we live in. Co-operation is at least as important as a 

countervailing force, and remains essential for human survival. 
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Appendices 

1. Impacts of climate change on cropping potential of rain-fed cereals 

 

 

 

 

 

 

 

By 2080, according to some climate change scenarios, the potential for rain-fed cereal 

production in large parts of the Indian sub-continent, south-east Asia and sub-Saharan 

Africa will be lower than today. Data modelled using Max Planck Institute of 

Meteorology/ECHAM4 2080. Figure from International Institute Applied Systems Analysis 

(Fischer et al, 2001). 
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2. Method used to estimate global per capita grain production 1966-2001 

With the exception of 2001, grain data were obtained from the State of Food and 

Agriculture (FAO, 2001). This book and CD ROM has time series data for global cereal 

production for 1966-2000. This constitutes the sum of “coarse grain”, wheat and rice. In turn, 

“coarse grain” includes maize. The CD-ROM does not state whether rice is milled or 

unmilled, but the following reasoning and evidence suggests that it refers to paddy (unmilled) 

rice. These CD-ROM data are consistently about 10% higher than two other times series data 

that also refer to total global cereal production. One of these times series is also provided by 

the FAO, in the book (FAO, 2001) that accompanies the CD-ROM. A second time series 

dataset (for 1960-2001) was obtained from the US Department of Agriculture.1 Additional 

data for the period 1997/98 to 2001/2002 were obtained from an FAO website.2 

The FAO provides no explanation for the discrepancy between the data reported in its 

CD ROM and its book, but the two data sets can be reconciled by using other information in 

the book and from the FAO website. These data are estimates of the global production in 2000 

of coarse grain, wheat and milled rice, and for paddy and milled rice in the website. The total 

of milled rice for 2000 (397 million tons) is about 66% that of rice3 (599 million tons). It was 

assumed that this ratio was constant for the whole period. This was used to calculate time 

series of global milled rice production for the period 1966-2000, and thus a revised estimate of 

global grain production. This reduced the discrepancy between the new time series and that of 

the USDA to less than 1%. 

This series was used as the numerator to calculate the per capita production. The 

pattern of production of total grain, including unmilled rice, is identical, but about 10% 

greater. Annual population data (the denominator) were obtained using spline interpolation 

between five yearly estimates of the global population, provided by the United Nations 

Population Division Department of Economic and Social Affairs (2001). It was also assumed 

that global population reached six billion in early October 1999 (officially this occurred on 

October 12, 1999). Reconciling this figure with the estimate for 1995 (5.687 billion) suggests 

both a slower rate and a slower absolute increment of population growth in the late 1990s and 

early 21st century than officially recognised. For example, a constant annual increment 

                                                 
1 http://www.earth-policy.org/Updates/Update3.htm 
2 http://www.fao.org/giews/english/fo/fo0109/fo01091.htm 14.1.02 
3 The kind of rice is unspecified, but must be paddy. 
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between October 12, 1999 and mid 1995 would mean an annual increase of 73 million per 

annum, about 6% lower than the increment officially estimated for 2001 (78 million) 

(UNFPA, 2001). 

A gradual decrease in the population growth rate for the period 1995-1999 is more 

plausible than a stepwise decrease in 1995. This suggests that the rate in 1999 was already less 

than 1.1%, with an annual increment of fewer than 70 million. Were this fall to continue at the 

inferred decline for the period 1995-1999 the growth rate for the year mid 2000-mid 2001 rate 

could be as low as 1%, meaning an annual increment of barely 60 million. However, 

estimating annual population growth as low as this was considered too far below the official 

data to be acceptable, and a compromise was adopted, assuming that the recent annual 

increase in population has been about 70 million per annum. This is still is a conservative 

assumption, biasing the result of per capita grain production to the null, in comparison with 

official data. 

These population data are, however, predicated on the estimates for mid 1995 and Oct 

12 1999 being accurate. It is also possible that these figures are incorrect. The point is that at 

there is an inconsistency between the global population for mid-1995, for October 1999, and 

the current annual increment. 
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3. Global inequality (FX and PPP adjusted) 

 

 

 

 

 

 

Global inequality (FX and PPP adjusted). This figure is reproduced from Melchior et al 

(2000). It shows changes in global income distribution, measured as Gini coefficients, for 

11 studies. The results cluster in two ranges, with the PPP adjusted indicators falling in a 

lower (more equal) band. Note the difference in trends between the two bands. All FX 

studies trend towards more inequality, while all but one PPP adjusted study trend towards 

lower inequality, at least since 1970. The one exception is by Milanovic (1999; 2002) 

discussed in the text. “Ours” refer to three studies by Melchior et al. None of these studies 

is adjusted for national income distribution.
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4. A brief examination of comparative advantage and free trade 

David Ricardo is the economist most associated with the principle of comparative 

advantage and free trade. Using very simple data and assumptions, Ricardo showed that 

specialisation could increase total production, and escape zero sum game limitations. This is 

illustrated by the following examples. 

In pre-trading England and Portugal, assume an equally skilled, equally healthy and 

equally remunerated workforce, each of 10 people. Assume that in each country, half of this 

workforce is engaged in producing each commodity. Assume that in England the productivity 

of the cloth-workers is twice that of the wine-growers, but that in Portugal the situation is 

exactly reversed. Using the assumptions in table 1 show that each country produces 45 units of 

commodity over an arbitrary 30 day period. 

 

 commodity 
man-

days/unit workforce
man-days 

worked  
production (30 

days) total 

England cloth 5 5 150 30  

 wine 10 5 150 15 45 

       

Portugal cloth 10 5 150 15  

 wine 5 5 150 30 45 

 

Table 1: Pre-specialisation. Both countries produce each commodity. Total production is 

90 units. 

 

Ricardo showed that that if each country specialised in producing the commodity it 

had the comparative advantage in then the total commodity production could be increased. 

This is shown in table 2. 
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 commodity man-days/unit workforce
man-days 

worked 
production 
(30 days) Total

England cloth 5 10 300 60  

 wine 10 0 0 0 60 

       

Portugal cloth 5 0 0 0  

 wine 10 1 300 60 60 

 

Table 2: Post-specialisation. Each country produces a single commodity. Total production 

increases to 120 units. 

Assuming no transport costs, no diminishing returns of labour productivity, no costs of 

retraining the specialised workforce, and a perfectly equitable distribution of the increased 

production to the labour force, wages will increase, in both countries, from 4.5 units per month 

to 6 units per month. However, if we assume that the countries and their labour forces do not 

enjoy equal bargaining positions, and that the price for wine and cloth is set by supply and 

demand then the finding that both workforces will increase their income does not necessarily 

hold. Assume a third country (Spain) also produces wine, in which it has the same 

comparative advantage as Portugal. The total production of cloth and wine is therefore 90 

units. However, even assuming that the quality of the wine is identical in each country, and 

that tastes do not change, there will be an over-supply of wine, leading to a reduction in its 

price (see table 3). Wages in the wine producing countries may fall, even if total wine demand 

increases. 

Furthermore, England, as the monopoly producer of cloth may also increase the price 

of cloth arbitrarily, further increasing the disparity between the wages paid in the three 

countries. These examples are highly simplified, but demonstrate that free trade and 

comparative advantage do not necessarily result in gains for all parties. Instead, increases in 

both absolute and relative inequality are possible. Real wages in countries that produce an 

oversupply of goods may fall, even if total productivity increases. Specialisation makes a 

country vulnerable to reduced demand for its export, because of substitution or fashion. It also 

means that a country cannot reduce its comparative disadvantage in commodity that it does not 
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attempt to produce (Mehmet, 1999: 47). Finally, it leaves it vulnerable to the actions of 

monopoly producers. 

 

 

 Cloth Wine   

  production demand price production demand price  wages 

England 30 20  15 25   4.5 

Portugal 15 20  30 25   4.5 

Spain 15 20  30 25   4.5 

total 60 60 1 75 75 1   

 pre-specialisation 
England 60 20   25   6 

Portugal  20  60 25   3.75 

Spain  20  60 25   3.75 

total 60 60 1 120 75 0.625   

 post-specialisation, unchanged wine demand 
England 60 20   28   6 

Portugal  20  60 28   4.2 

Spain  20  60 28   4.2 

total 60 60 1 120 84 0.7   

 post-specialisation, increased wine demand 

 

Table 3: Before specialisation, wages in each country are equal at 4.5 per person. After 

specialisation, the price of wine falls, because of its over-supply. Even though the wine-

specialising countries have increased their productivity, wages decline relatively, and may 

even decline absolutely, depending on the elasticity of demand for wine. 
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5: Studies of global income distribution adjusted for national income distribution 

Study (year) Year N (countries) 

Population 

(% global) 

PPP 

adjusted 

or FX 

NID 

adjustment

? 

Gini Coefficient 

(%) 

Whalley (1979) 1972 80+? # PPPΩ Yes 65 

As above 1972 As above * PPPΩ No 54 

Berry et al (1983) 1950 As above ^ PPP♠ Yes 67 

As above 1960 As above^ PPP♠ Yes 66 

As above 1970 As above^ PPP♠ Yes 67 

As above 1977 As above^ PPP♠ Yes 67 

Grosh & Nafziger (1986) 1970 117 □ PPP♠ Yes 67 

As above 1970 As above + 

China & 

centrally planned 

economies 

PPP♠ Yes 64 

Milanovic (1999) 1988 86% PPP Yes♦ 62.5* 

As above 1993 91% PPP Yes♦ 65.9 

As above 1988 86% FX Yes♦ 77.5 

As above 1993 91% FX Yes♦ 80.1 

Stewart & Berry (1999) 1980 80+? PPP♥ Yes 64.5 

As above 1990 As above PPP♥ Yes 64 

Korzeniewicz & Moran 

(1997) 

1965 46 FX Yes 74.9 

As above 1992 As above FX Yes 79.6 

As above 1965 121 (93.6%) FX No 65.8 

As above 1970 As above FX No 66.2 

As above 1975 As above FX No 67.7 

As above 1980 As above FX No 68.2 

As above 1985 As above FX No 70.3 

As above 1990 As above FX No 74.0 
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Legend 

# The text refers to 81 countries with national income distribution (NID), and discusses the 

difficulties of estimating national income distribution for other countries, especially China, 

implying these were included. 

Ω Based on an earlier version of exchange rate deviation indices (i.e. Kravis coefficients), 

derived from ICPs based on 10 countries (Kravis et al., 1975). 

^ China is included. 

□ Excludes China, Vietnam and centrally planned economies, leaving about 70% of the global 

population (Grosh and Nafziger, 1986:353). 

♠These authors computed these using a combination of Kravis coefficients compiled by 

Kravis et al (1978) and Kravis coefficients which they extrapolated, mainly for the socialist 

countries. Berry et al (1983) provide more detail. 

♥ Data from World Bank (World Development Reports and World Tables). 

♦Milanovic used by far the most sophisticated dataset of national income distribution, 

estimating average incomes for an average of about 11 income divisions for each country 

included in the analysis. 
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6. Correspondence with Branko Milanovic 

(unedited apart for correction of typographical errors) 

printed with permission 

 

Sent July 1, 2001 

Subject:  Global inequality: query re Indian income 1993 

 

Dear Dr Milanovic 

 

I am writing regarding your paper " True world income distribution, 1988 and 

1993:  First calculation based on household surveys alone" 

(http://www.worldbank.org/research/transition/worldincomedistrubition.htm) 

in particular with regard to Table 7 on page 15. According to my calculations, 

the change in the nominal exchange rate of India between 1988 and 1993 which 

you report (13.9 to 30.5) means that the per capita nominal (FX)  income AND the 

per capita real (PPP adjusted) income for India FELL between 1988 and 1993. 

 

In my own analysis of global income inequality the per capita PPP income in 

India increased between 1988 and 1993 (data source WB website), while the 

nominal income fell slightly (data source World Development Indicators CD ROM). 

 

As I'm sure you realise, a fall in the PPP income of a country as large and  as 

poor as India could seriously alter the final result, in this case increasing 

the inequality. 

 

I have spent several hours looking closely at your data, because your finding 

of an INCREASE in the global Gini coefficient (1988-1993) contradicts my own 

findings - I have been working on an analysis of global income distribution, in 

both FX and PPP terms (1964-1999). So far I haven't found any other convincing 

explanation for the difference in findings. 

 

I also looked at Ian Castles' objections to this study. I didn't understand 
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what he meant in some cases, and in other cases his objections were trivial, in 

the sense that putative errors, eg for New Zealand, are unlikely to 

significantly affect the overall findings. Ian appears to have not commented on 

the Indian income. 

 

A recent paper of mine contains a time series of global income inequality  (FX) 

(1964-1998). It assumes, conservatively, that national income distribution 

remained constant at 1998 levels - national income distribution data were 

obtained from 1999 World Development Report with assumptions made for countries 

with missing data. I acknowledge that your data sources are far richer, but I'd 

estimate the finer resolution would add no more than 1-2 points to the final 

Gini. The population included in my analysed is approx. 99% of the global pop'n 

in each year (I also estimated income for countries with missing data, using WB 

assigned categories). 

 

These analyses are an important part of my PhD thesis, which I am currently 

completing. 

 

My paper can be downloaded from 

 

http://www.baltzer.nl/kaphtml.htm/GLOB1 

 

You may also find this of interest because it criticises aspects of PPP theory. 

 

If you read this paper you will note that I acknowledge Ian Castles. Indeed he 

has been of great help to me in forcing me to think critically about these 

issues, but I should say that while I respect Ian we have many differences of 

opinion. 

 

sincerely 

 

 

Colin 
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Reply received July 2, 2001 

 

Dear Mr. Butler, 

 

     Thank you for your message. Unfortunately, I am now on vacation and out of 

Washington, so I won’t be able to look at the original (rupee) data until early 

in September. 

 

     However, Table 18 in my new paper "World income distribution in the second 

half of the 20th century" downloadable from the same address, is based on the 

same HS data.  You will see there that in current PPP terms, mean HBS income in 

India increased by 5 percent, which implies a constant PPP decline of some 16 

percent. The GDP per capita in constant PPPs increased by about 7 percent 

between 1988 and 1993. Although these numbers are not exactly comparable because 

the surveys were conducted in 1989-90, and 1992-93, they do point out to an 

inconsistent behaviour of NSS and national accounts in India. This issue has been 

highlighted by a number of recent studies--but no satisfactory conclusion was, 

to my knowledge, achieved. 

 

     You're right in stressing that, with India being such a large country, a 

possible underestimation of mean income there may have a large impact on 

calculations of world inequality (and poverty). Yet, as you will see in the new 

paper (Table 16), even when I "force" HS data to equal GDP per capita for all 

countries (and thus for India too), I still get --even if fairly moderate-- 

increase in world inequality of some 0.6 Gini points between the benchmark years 

of 1988 and 1993. This is of course significantly less than the 3 Gini points 

increase which I find with the unadjusted data. I do not know exactly what's the 

contribution of India there although I suppose it to have been significant. (And 

once I am back in Washington, I can calculate it exactly.) 

 

     So, in conclusion, I think that your point is well taken.  One thing on 

which I am unclear is your mention of using "conservatively" the 1998 
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distributions and applying them to the mean GDP per capita (I suppose) data for 

the previous years. I am not sure that this is a "conservative" assumption 

because within-country inequality have tended to increase over the last 20 years 

and that has, in turn, put un upward pressure on the Gini (both through the 

within, and more importantly, the overlap component). That assumption, it 

would  seem to me, might bias somewhat the trend of world inequality--although I 

certainly have no view as to what happened to "true" world inequality over the 

last 30 or more years. I am quite willing to accept that it might have gone 

down, or stayed about the same, since China's reforms started in the late 

1970's, but it seems to me, based on all available evidence, and even when 

corrected for the GDP/HS income discrepancies, that it has either significantly 

or slightly edged upwards over the (admittedly short) time period between 1988 

and 1993. And the difference between "significantly" or "slightly" might indeed 

by explained by the difference in the Indian data. 

 

 I will be very keen to download and read your paper. 

 

     With best regards, 

     Branko 

 

   Development Research Group 

   World Bank, 1818 H Street N.W. 

   Washington, D.C. 20433 

   tel: 1-202-473-6968 

   fax: 1-202-522-1153 

   Email: bmilanovic@worldbank.org 

   See the updated Website: 

 

   http://www.worldbank.org/research/transition/ 

 

 

Sent July 2, 2001 
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Subject:  a conservative assumption? 

 

Dear Branko, 

 

Thank you very much for your prompt reply, even though you are away from 

your office. 

 

I'll try to explain what I meant by the word "conservative" which, on 

reflection, is confusing. It depends on the question. 

 

I agree with you that within country inequality has increased in the last 20 

years, and use of the 1998 national distribution will increase the Global 

Gini in any given year, thus overstating global inequality for all years but 

1998. I agree this isn't a conservative result. 

 

However, I meant that use of 1998 national inequality data is conservative 

if one considers the TREND in global inequality; the change detected is 

likely to be an underestimate (conservative). 

 

For example, from memory, the Gini I found for 1970 was about 70% and this 

increased to about 80% in 1995. Had I access to accurate national income 

distribution data in 1970 the Gini might really have been 68%. Thus, the 

increase found (70 to 80 = 10%) is conservative; the true increase being (68 

to 80 = 12%). 

 

When errors are inevitable and I have the choice, I prefer to bias the 

result to the null (as we say in epidemiology). This makes the final 

conclusion (that inequality increased) stronger. But basically, I used the 

1998 distribution because it was computationally simpler, and required far 

fewer estimates and guesses than any other approach (given data 

limitations). 
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My confidence in an increase in national inequality is in part based on an 

analysis of Deininger and Squire's dataset, weighted for population. 

 

sincerely 

 

Colin 

Reply received July 7, 2001 

 

 

Dear Colin, 

 

     Thank you for your Email. Yes, I do see your point. It is a conservative 

assumption regarding the trend; practically whatever given year one were to 

choose to "freeze" the within-country distributions would have been conservative 

(regarding trends) because the actual distributions have in the meantime tended 

to drift up. So, I do agree with you that it is a "conservative" assumption. 

 

     Best, Branko 



Appendices 

396 

7. Correspondence with Professor Albert Berry 

Typographical errors corrected 

printed with permission 

 

Sent January 17, 2001 

 

Dear Professor Berry, 

 

I am writing about the chapter that you co-authored with Frances Stewart in Hurrell 

and Wood's book (Security and Inequality) called "Globalization, Liberalization, and 

Inequality: Expectations and Experience". In particular I am wondering if there might be a 

mis-labelled column in table 6.11. If the final two columns were described as 1990 

ADJUSTED (for intra-country variations) then the table would make more sense to me. 

Otherwise, your data suggest that adjustment for national income distribution reduces 

measured global inequality: this seems counter-intuitive, and contradicts both my reading of 

your article, other published work, and also my own work. 

Additionally, I was wondering if you calculated an adjusted estimate for global 

inequality for 1980 (assuming that the data in the table really refer to 1990.) 

Finally, have you published this recent work elsewhere? (I have read your earlier 

paper, examining income distribution between 1950-1977.) 

I apologise for not contacting Dr Stewart first, or as well. I am not sure how to contact 

her. I would appreciate if you could forward this email to Dr Stewart. 

 

sincerely 

 

Colin Butler 

--------------------- 

Received January 31, 2001 

 

Dear Dr. Butler, 

I am just getting now to the question you raised in your email of Jan. 16. You are right 

that the title for the last two columns should be "1990". Also, the first columns should not say 
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"unadjusted" since they do include the intra-country inequality levels as estimated at that time-

-if that inequality were not included the Gini coefficient would be below 0.6. (Hence we don't 

have an "adjusted" estimate for global inequality for 1980.) The 1990 unadjusted columns 

retain the 1980 assumptions about intra-country inequality, so the change in the decile 

distribution and the Gini just reflects relative growth rates of per capita income. 

The last two columns (which should say "1990 adjusted") include our best guesses as 

to how intra-country inequality had changed. As you can see, our choice of the adjusted-

unadjusted terminology was unfortunate, and quite misleading. Anyway, thanks very much for 

catching these problems; it’s embarrassing to have missed them but at least I am glad to know 

about it. 

This paper has not been published elsewhere. I do have a paper with John Serieux on 

changes in global inequality over the period 1980- 95 if you are interested in that. We are 

revising it for publication but can send you the version we have. Let me know. 

Thanks for your interest and for your careful reading of this table. 

 

Regards, 

 

Albert Berry (University of Ottawa) 

-------- 

Sent February 1, 2001 

 

Dear Professor Berry, 

 

Thank you for your reply. Yes, I would be very interested in receiving the draft of your paper 

with John Serieux. 

 

I can't remember if I told you in my original email, but I am also working on a paper 

(with Len Smith) examining global inequality for the period 1964-1999. I would be pleased to 

send you a draft of this (and would appreciate any comments) when it is a little more 

advanced. We have completed the analysis (though as my co-author says, one can never do 

enough analysis) and hope to have a draft ready shortly. We are currently planning to submit 

this to the journal "Economic Development and Cultural Change". 
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This analysis has been part of my PhD thesis. My previous degrees have been in 

medicine and public health; I have no formal university training in economics.  I became 

interested in inequality - of wealth, income and ultimately power - as a more satisfying 

explanation for health inequality, particular between populations in North and South, than 

more "proximal" explanations, such as the distribution of infectious agents or environmental 

pollutants. The hope is that this work will bolster the evidence and improve the effectiveness 

of workers in public health who are trying to improve the health of poor populations. 

 

I also argue that the inequality of global power - for which I argue income inequality 

(especially in FX rather than PPP terms) is a crude proxy - is a partial explanation for 

"environmental brinkmanship" - ie the risk-taking behaviour with regard to global 

environmental sustainability. I argue that the risk is taken, in part, because of the assumption 

that the costs  (if any) of global environmental failure will be disproportionately borne by the 

poor. Though an increase in absolute income by the poor may provide some protection against 

the consequences of any global environmental deterioration it will not protect them from risk 

taking by the more powerful; this may be better provided by an increase in their relative 

income/influence. 

 

Yours sincerely 

 

Colin 

 

Sent February 2, 2001 

 

Dear Professor Berry, 

 

I have had the chance to compare your email with the text of your chapter and also the table. 

 

I think I now understand it - the 1980 data (cols 1,2) are adjusted for intra-national 

income distribution (1980 national income distribution estimate), the 1990 "adjusted" data  - 

columns 3 and 4 - assume the same 1980 national income distribution estimates, and the final 

2 columns (5 and 6) are adjusted for 1990 national income distribution. 

I have two more questions: 
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1. Can you confirm that I am correct in assuming that your analysis has been in income 

adjusted for purchasing power parity? 

 

2. What percentage of the global population would be included in your analysis for the two 

years in question? (My guess is very close to 100%) 

 

Your results are quite different to ours - I think because you have primarily worked from the 

data shown in your table 6.10. I think that this is an approach similar to one used by Summers 

and Heston (Quart J Economics, 1991, see p 355), and also to that described in your 1983 

paper (Economic Journal); while our dataset (for PPP) has used the Penn national data tables; 

our method is also different - it sounds similar to the method you attribute to Whalley (1979) 

in the 1983 paper. 

 

sincerely 

 

Colin 
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8. Income distribution for 102 countries 

    decile quintile decile 

Country 
Pop’n 
(millions) 

pc inc 

(US$) 

Survey 

year 1st 2nd 1st 2nd 3rd 4th 9th 10th 

Quint.

ratio 

Sierra Leone 
5 140 89 0.5 0.6  2.0 9.8 23.7 19.8 43.6 57.6 

Guatemala 11 1640 89 0.6 1.5  5.8 10.5 18.6 16.4 46.6 30.0 

Guin Bissau 1.16 160 91 0.5 1.6  6.5 12.0 20.6 16.5 42.4 28.0 

Paraguay 5 1760 95 0.7 1.6  5.9 10.7 18.7 15.8 46.6 27.1 

Panama 3 3080 95 0.7 1.6  6.2 11.3 19.8 16.6 43.8 26.3 

Brazil 166 4570 95 0.8 1.7  5.7 9.9 17.7 16.3 47.9 25.7 

Botswana 2 3600 85-6   2.5 6.0 10.9 19.2 16.3 45.1 24.6 

South Africa 41 2880 93-4 1.1 1.8  5.5 9.2 17.7 18.9 45.9 22.3 

Lesotho 2 570 86-7 0.9 1.9  6.5 11.2 19.4 16.7 43.4 21.5 

Niger 10 190 95 0.8 1.8  7.1 13.9 23.1 17.9 35.4 20.5 

Colombia 41 2600 95 1.0 2.1  6.8 10.9 17.6 14.6 46.9 19.8 

Chile 15 4810 94 1.4 2.1  6.6 10.9 18.1 14.9 46.1 17.4 

Honduras 6 730 96 1.2 2.2  7.1 11.7 19.7 15.9 42.1 17.1 

Senegal 9 530 91-2 1.4 2.1  7.0 11.6 19.3 15.8 42.8 16.7 

Mexico 96 3970 95 1.4 2.2  7.2 11.8 19.2 15.4 42.8 16.2 

Turkey 63 3160 73   3.5 8.0 12.5 19.5 15.8 40.7 16.1 

Zimbabwe 12 610 90-1 1.8 2.2  6.3 10.0 17.4 15.4 46.9 15.6 

El Salvador 6 1850 95 1.2 2.5  8.3 13.1 20.5 16.1 38.3 14.7 

Dom’cn Rep 8 1770 89 1.6 2.6  7.9 12.5 19.7 16.1 39.6 13.3 

Nicaragua 5 430 93 1.6 2.6  8.0 12.6 20.0 15.4 39.8 13.1 

Zambia 10 330 96 1.6 2.6  8.2 12.8 20.1 15.6 39.2 13.0 

Costa Rica 4 2780 96 1.3 2.7  8.8 13.7 21.7 17.1 34.7 13.0 

Russian Fed 147 2300 96 1.4 2.8  8.8 13.6 20.7 15.4 37.4 12.6 

PNG 5 890 96 1.7 2.8  7.9 11.9 19.2 16.0 40.5 12.6 

Nigeria 121 300 92-3 1.3 2.7  8.9 14.4 23.4 18.0 31.3 12.3 

Mali 11 250 94 1.8 2.8  8.0 11.9 19.3 15.8 40.4 12.2 

Ukraine 50 850 95 1.4 2.9  9.0 13.8 20.8 15.4 36.8 12.1 
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    decile quintile decile 

Country 
Pop’n 
(millions) 

pc inc 

(US$) 

Survey

year 1st 2nd 1st 2nd 3rd 4th 9th 10th

Quint.

ratio 

Venezuela 23 3500 95 1.5 2.8  8.8 13.8 21.3 16.2 35.6 12.0 

Malaysia 22 3600 89 1.9 2.7  8.3 13.0 20.4 15.8 37.9 11.7 

Peru 25 2460 96 1.6 2.8  9.1 14.1 21.3 15.8 35.4 11.6 

Kenya 29 330 94 1.8 3.2  9.7 14.2 20.9 15.3 34.9 10.0 

Burk.Faso 11 240 94 2.2 3.3  8.7 12.0 18.7 15.5 39.5 10.0 

Ecuador 12 1530 94 2.3 3.1  8.9 13.2 19.9 15.0 37.6 9.7 

Singapore 3 30060 82-3   5.1 9.9 14.6 21.4 15.4 33.5 9.6 

US 270 29340 94 1.5 3.3  10.5 16.0 23.5 16.7 28.5 9.4 

Thailand 61 2200 92 2.5 3.1  8.7 13.0 20.0 15.6 37.1 9.4 

N. Zealand 4 14700 81-2   5.1 10.8 16.2 23.2 16.0 28.7 8.8 

Hong Kong 7 23670 80   5.4 10.8 15.2 21.6 15.7 31.3 8.7 

China 1239 750 95 2.2 3.3  9.8 14.9 22.3 16.6 30.9 8.6 

Madagascar 15 260 93 2.3 3.5  9.9 14.0 20.3 15.1 34.9 8.6 

Bolivia 8 1000 90 2.3 3.3  9.7 14.5 22.0 16.5 31.7 8.6 

Jordan 5 1520 91 2.4 3.5  9.8 13.9 20.3 15.4 34.7 8.5 

Philippines 75 1050 94 2.4 3.5  9.6 13.9 21.1 16.1 33.5 8.4 

Yugoslavia 10.64 1896 89   5.3 10.7 16.2 23.7 16.8 27.4 8.3 

Jamaica 3 1680 91 2.4 3.4  10.2 14.9 21.6 15.6 31.9 8.2 

Tunisia 9 2050 90 2.3 3.6  10.4 15.3 22.1 15.6 30.7 7.8 

Yemen 16 300 92 2.3 3.8  10.9 15.3 21.6 15.3 30.8 7.6 

Guinea 7 540 94 2.6 3.8  10.4 14.8 21.2 15.2 32.0 7.4 

Maurit’ia 3 410 95 2.3 3.9  10.8 15.4 22.0 15.7 29.9 7.4 

Uganda 21 320 92-3 3.0 3.8  10.3 14.4 20.4 14.7 33.4 7.1 

Morocco 28 1250 90-1 2.8 3.8  10.5 15.0 21.7 15.8 30.5 7.0 

Estonia 1 3390 95 2.2 4.0  12.0 17.0 23.1 15.6 26.2 6.7 

Ethiopia 61 100 95 3.0 4.1  10.9 14.5 19.8 14.0 33.7 6.7 

Tanzania 32 210 93 2.9 4.0  10.9 15.3 21.5 15.2 30.2 6.6 

Cote d’Ivo 14 700 88 2.8 4.0  11.2 15.8 22.2 15.6 28.5 6.5 
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    decile quintile decile 

Country 
Pop’n 
(millions) 

pc inc 

(US$) 

Survey 

year 1st 2nd 1st 2nd 3rd 4th 9th 10th 

Quint.

ratio 

Ireland 4 18340 87 2.5 4.2  11.6 16.4 22.4 15.5 27.4 6.4 

Turk’stan 5 430 93 2.7 4.0  11.4 16.3 22.8 15.9 26.9 6.4 

Kyrgyz Rp 5 350 93 2.7 4.0  11.5 16.4 23.1 16.1 26.2 6.3 

Israel 6 15940 92 2.8 4.1  11.4 16.3 22.9 15.6 26.9 6.2 

Algeria 30 1550 95 2.8 4.2  11.6 16.1 22.7 15.8 26.8 6.1 

Algeria 30 1550 95 2.8 4.2  11.6 16.1 22.7 15.8 26.8 6.1 

Moldova 4 410 92 2.7 4.2  11.9 16.7 23.1 15.7 25.8 6.0 

Nepal 23 210 95-6 3.2 4.4  11.5 15.1 21.0 15.0 29.8 5.9 

Switz’land 7 40080 82 2.9 4.5  11.6 15.6 21.9 14.9 28.6 5.9 

Australia 19 20300 89 2.5 4.5  12.2 16.6 23.3 16.1 24.8 5.8 

Korea, Rp 46 7970 88   7.4 12.3 16.3 21.8 14.6 27.6 5.7 

Vietnam 78 330 93 3.5 4.3  11.4 15.4 21.4 15.0 29.0 5.6 

Indonesia 204 680 96 3.6 4.4  11.3 15.1 20.8 14.6 30.3 5.6 

UK 59 21400 86 2.4 4.7  12.8 17.2 23.1 15.1 24.7 5.6 

Mongolia 3 400 95 2.9 4.4  12.2 16.6 23.0 16.4 24.5 5.6 

France 59 24940 89 2.5 4.7  12.7 17.1 22.8 15.2 24.9 5.6 

Kazak’an 16 1310 93 3.1 4.4  12.3 16.9 22.9 15.5 24.9 5.4 

Spain 39 14080 90 2.8 4.7  12.6 17.0 22.6 15.1 25.2 5.4 

Canada 31 20020 94 2.8 4.7  12.9 17.2 23.0 15.5 23.8 5.2 

Lithuania 4 2440 93 3.4 4.7  12.3 16.2 21.3 14.1 28.0 5.2 

Italy 58 20250 91 2.9 4.7  12.9 17.3 23.2 15.2 23.7 5.1 

Nethl’nds 16 24760 91 2.5 5.5  13.0 16.7 22.5 15.2 24.7 5.0 

Ghana 18 390 97 3.6 4.8  12.2 15.8 21.9 15.6 26.1 5.0 

Bulgaria 8 1230 92 3.3 5.0  13.0 17.0 22.3 14.6 24.7 4.7 

Egypt 61 1290 91 3.9 4.8  12.5 16.3 21.4 14.4 26.7 4.7 

Latvia 2 2430 95 3.3 5.0  13.8 18.0 22.9 14.6 22.4 4.5 

Sri Lanka 19 810 90 3.8 5.1  13.1 16.9 21.7 14.1 25.2 4.4 

Pakistan 132 480 96 4.1 5.3  13.0 16.0 20.3 13.5 27.7 4.4 
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    decile quintile decile 

Country 
Pop’n 
(millions) 

pc inc 

(US$) 

Survey

year 1st 2nd 1st 2nd 3rd 4th 9th 10th

Quint.

ratio 

Belarus 10 2200 95 3.4 5.1  13.5 17.7 23.1 14.6 22.6 4.4 

Japan 126 32380 79   8.7 13.2 17.5 23.1 15.1 22.4 4.3 

India 980 430 94 4.1 5.1  13.0 16.8 21.7 14.3 25.0 4.3 

Romania 22 1390 94 3.7 5.2  13.6 17.6 22.6 14.6 22.7 4.2 

Lao PDR 5 330 92 4.2 5.4  12.9 16.3 21.0 13.8 26.4 4.2 

Gmany(U) 82 25850 89 3.7 5.3  13.5 17.5 22.9 14.5 22.6 4.1 

Slovenia 2 9760 93 4.1 5.4  13.4 17.0 21.9 14.1 24.2 4.1 

B’gladesh 126 350 92 4.1 5.3  13.5 17.2 22.0 14.2 23.7 4.0 

Rwanda 8 230 83-5 4.2 5.5  13.2 16.5 21.6 14.9 24.2 4.0 

Poland 39 3900 92 4.0 5.3  13.8 17.7 22.6 14.5 22.1 3.9 

Hungary 10 4510 93 4.0 5.5  14.0 17.6 22.3 14.0 22.6 3.9 

Belgium 10 25380 92 3.7 5.8  14.6 18.4 23.0 14.3 20.2 3.6 

Denmark 5 33260 92 3.6 6.0  14.9 18.3 22.7 14.0 20.5 3.6 

Sweden 9 25620 92 3.7 5.9  14.5 18.1 23.2 14.4 20.1 3.6 

Finland 5 24110 91 4.2 5.8  14.2 17.6 22.3 14.2 21.6 3.6 

Czech Rp 10 5040 93 4.6 5.9  13.9 16.9 21.3 13.9 23.5 3.6 

Norway 4 34330 91 4.1 5.9  14.3 17.9 22.4 14.1 21.2 3.5 

Austria 8 26850 87 4.4 6.0  14.8 18.5 22.9 14.0 19.3 3.2 

Slovak Rp 5 3700 92 5.1 6.8  15.8 18.8 22.2 13.2 18.2 2.6 

Countries are ranked in order of descending inequality, judged by the ratio of the richest to the 

poorest quintile. Population and income are for 1998; income distribution data is for the survey year 

(column 4). Data: World Development Report 1999 (World Bank). 
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9. Regional Gini coefficients 

 

 

 

 

 

 

 

 

Population-weighted averages based on available country observations within each decade. 

Data source: Deininger and Squire (1997). Figure taken from Melchior et al, 2000. 
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10. National income distribution for 60 countries 

Country Year of 

observation 

Trend Annual Growth Rates of 

Income (%) 

Initial share 

of income of 

poorest

 1st last Poorest 

(%) 

Whole (%)Difference (%) 
(Col 4- Col 5) 

quintile 

(%) 

Pop'n 

millions 

(last year of 

obser-

vation) 

difference 

(%) * 

population 
(Col 6*Col 8) 

Column 2 3 4 5 6 7 8 9 

I. Income growth of the poorest quintile exceeds overall income growth 

Trinidad 1971 1981 10.4  4.7 5.7 2 1 0.1 

Honduras 1968 1992 4.2 0.6 3.6 1.6 5 0.2 

Turkey 1968 1987  5.5 2.5 2.9 3 53 1.5 

Zambia 1976 1991 -0.7 -3.5 2.7 3.7 8 0.2 

Jamaica 1975 1993 1.6 -1 2.6 4 3 0.1 

Puerto Rico 1969 1989 4.7 2.3 2.4 1.9 4 0.1 

Philippines 1965 1994 3 1 1.9 3.4 69 1.3 

Mexico 1968 1992 3.5 1.8 1.7 2.6 86 1.5 

Sweden 1967 1992 3.2 1.6 1.6 5.3 9 0.1 

Jordan 1980 1991 -0.7 -1.9 1.3 6 4 0.1 

Italy 1977 1991 3.3 2.2 1 7.4 57 0.6 

Malaysia 1970 1989 5.3 4.3 1 3.6 18 0.2 

Norway 1967 1991 4.1 3.1 1 5 4 0.0 

France 1979 1989 2.3 1.6 0.7 6.6 56 0.4 

Yugoslavia 1978 1990 -0.4 -1 0.7 6.7 24 0.2 

Indonesia 1976 1995 5.2 4.5 0.7 7.7 194 1.4 

Germany 1969 1989 2.6 2 0.6 6.7 79 0.5 
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Country Year of 

observation 

Trend Annual Growth Rates of 

Income (%) 

Initial share 

of income of 

poorest

 1st last Poorest 

(%) 

Whole (%)Difference (%) 
(Col 4- Col 5) 

quintile 

(%) 

Pop'n 

millions 

(last year of 

obser-

vation)

difference 

(%) * 

population 
(Col 6*Col 8) 

Column 2 3 4 5 6 7 8 9 
Czechoslov. 1965 1988 4 3.4 0.6 10.3 16 0.1 

Panama 1970 1989 1 0.4 0.6 2.6 2 0.0 

Bangladesh 1967 1992 2.2 1.7 0.5 7 114 0.6 

Subtotal 803 9 

II. Income growth of the poorest quintile is roughly equal to overall income growth 

Hong Kong 1971 1991 6.1 5.8 0.4 5.1   6 0.0 

Brazil 1970 1989 2.9 2.5 0.3 2.7 146 0.4 

Belgium 1979 1992 2.1 1.8 0.3 8.1 10 0.0 

Canada 1965 1994 2.7 2.5 0.2 6.7 29 0.1 

Japan 1965 1982 4.6 4.4 0.2 6 118 0.2 

Ireland 1973 1987 2.3 2.1 0.2 4.8 4 0.0 

India 1965 1994 2.6 2.4 0.2 8.6 914 1.8 

Tunisia 1965 1990 3.5 3.4 0.1 5.7 8 0.0 

Finland 1966 1991 2.9 2.8 0.1 6.9 5 0.0 

Sri Lanka 1970 1990 2.9 2.9 0 6.6 17 0.0 

Venezuela 1971 1990 -1.8 -1.7 0 4.6 20 0.0 

Greece 1974 1988 1.6 1.9 -0.2 6.6 10 -0.0 

Korea, R. 1965 1988 6.6 6.9 -0.3 7 42 -0.1 

Spain 1980 1990 2.3 2.7 -0.4 9 39 -0.2 

Pakistan 1969 1991 1.3 1.7 -0.4 9.1 111 -0.4 
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Country Year of 

observation 

Trend Annual Growth Rates of 

Income (%) 

Initial share 

of income of 

poorest

 1st last Poorest 

(%) 

Whole (%)Difference (%) 
(Col 4- Col 5) 

quintile 

(%) 

Pop'n 

millions 

(last year of 

obser-

vation) 

difference 

(%) * 

population 
(Col 6*Col 8) 

Column 2 3 4 5 6 7 8 9 

Costa Rica 1971 1989 0 0.4 -0.4 4.1 3 -0.0 

Taiwan 1966 1990 5.8 6.3 -0.5 9 20 -0.1 

Subtotal       1501 2 

 

III. Income Growth of the Poorest Quintile is less than overall income growth 

USSR 1980 1989 2.1 2.7 -0.6 9.6 288 -1.7 

Mauritius 1980 1991 3 3.6 -0.6 6.8 1 -0.0 

Singapore 1978 1988 4.2 4.9 -0.7 6.9 3 -0.0 

USA 1965 1994 0.8 1.6 -0.8 5.7 260 -2.1 

Hungary 1972 1993 0.2 1.1 -0.9 11 10 -0.1 

UK 1965 1991 1.2 2 -0.9 10.6 58 -0.5 

Chile 1968 1994 0.3 1.2 -0.9 4.5 14 -0.1 

Bulgaria 1980 1993 1.8 2.8 -1 10.6 9 -0.1 

Bahamas 1979 1993 -1.3 -0.2 -1.1 3.8 0.3 0.0 

Australia 1969 1990 0.4 1.6 -1.3 6 17 -0.2 

Thailand 1969 1992 3.1 4.4 -1.3 5.2 57 -0.8 

Poland 1976 1993 -2.5 -1.1 -1.4 10.8 39 -0.5 

Netherlands 1975 1991 -0.2 1.3 -1.5 9 15 -0.2 

Portugal 1973 1991 1.6 3.2 -1.6 7.5 10 -0.2 

N. Zealand 1973 1990 -0.7 0.9 -1.6 6.8 3 -0.1 
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Country Year of 

observation 

Trend Annual Growth Rates of 

Income (%) 

Initial share 

of income of 

poorest

 1st last Poorest 

(%) 

Whole (%)Difference (%) 
(Col 4- Col 5) 

quintile 

(%) 

Pop'n 

millions 

(last year of 

obser-

vation)

difference 

(%) * 

population 
(Col 6*Col 8) 

Column 2 3 4 5 6 7 8 9 

Nepal 1984 1995 0.5 2.1 -1.6 9.1 21 -0.3 

El Salvador 1977 1995 -2.1 -0.4 -1.7 5 6 -0.1 

Colombia 1970 1994 0.2 2 -1.8 4.8 38 -0.7 

Denmark 1976 1992 -0.1 1.8 -1.8 7 5 -0.1 

Peru 1981 1994 -3.8 -1.9 -1.9 6.3 23 -0.4 

China 1980 1995 1 4.4 -3.4 9.3 1203 -40.9 

S. Leone 1968 1989 -5.7 -0.8 -4.8 2.8 4 -0.2 

Guatemala 1979 1989 -11.9 -2.1 -9.8 5.7 9 -0.8 

2092 -50 Subtotal 

Total 
4396 61# 

 

Adapted from Gallup et al (1998), based on the dataset provided by Deininger and Squire 

(1996). Countries were classified into one of three groups, according to whether inequality 

is increasing, stable or reducing, judged by the growth of their poorest quintile compared to 

the total national population. The number of countries in each group is approximately equal 

(20, 17 and 23 respectively) but the population of the group with increased inequality is far 

larger (803, 1501 and 2092 million respectively). Weighting by a factor which adjusts 

crudely for the degree of inequality found an even larger trend to overall inequality in the 

data set (far right column). Figures rounded. 

# = absolute total. 
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11. Table used to estimate the FX Gini coefficient (1999) 

 

 

Pop 

Quantile 

(millions) 

Av inc 

quantile 

(US$) 

GQP 

(million 

US$) 
Pop’n 

(%) 

Cum. 

Pop 

(%) Inc (%) 

Cumulat 

Inc (%) 

Area 

under 

Lorenz 

curve 

A B C D E F G H I 

Sierra Leone 0.5 6.5 3.3 0.01 0.01 0.00001 0.0000 0.0000 

Sierra Leone 0.5 7.8 3.9 0.01 0.02 0.00001 0.0000 0.0000 

Guinea Bissau 0.1 8.0 1.0 0.00 0.02 0.00000 0.0000 0.0000 

Sierra Leone 1.0 13.0 13.0 0.02 0.04 0.00004 0.0001 0.0000 

Niger 1.0 15.2 15.2 0.02 0.05 0.00005 0.0001 0.0000 

Guinea Bissau 0.1 25.6 3.0 0.00 0.05 0.00001 0.0001 0.0000 

Burundi 0.7 29.1 20.4 0.01 0.07 0.0001 0.0002 0.0000 

Ethiopia 6.3 30.0 189.0 0.11 0.17 0.0007 0.0009 0.0001 

Niger 1.0 34.2 34.2 0.02 0.19 0.0001 0.0010 0.0000 

Nigeria 12.4 40.3 499.7 0.21 0.40 0.0017 0.0027 0.0004 

Ethiopia 6.3 41.0 258.3 0.11 0.50 0.0009 0.0036 0.0003 

Mali 1.1 43.2 47.5 0.02 0.52 0.0002 0.0038 0.0001 

Malawi 1.1 46.1 50.7 0.02 0.54 0.0002 0.0039 0.0001 

Chad 0.7 48.5 34.0 0.01 0.55 0.0001 0.0041 0.0000 

Eritrea 0.4 48.5 19.4 0.01 0.56 0.0001 0.0041 0.0000 

Lesotho 0.2 49.5 9.9 0.00 0.56 0.0000 0.0042 0.0000 

Burundi 0.7 50.7 35.5 0.01 0.57 0.0001 0.0043 0.0000 

Zambia 1.0 51.1 51.1 0.02 0.59 0.0002 0.0045 0.0001 

Guinea Bissau 0.2 51.9 12.3 0.00 0.59 0.0000 0.0045 0.0000 

Burkina Faso 1.1 52.9 58.1 0.02 0.61 0.0002 0.0047 0.0001 

Angola 1.2 53.4 64.1 0.02 0.63 0.0002 0.0049 0.0001 

Ethiopia 12.6 54.5 686.7 0.21 0.85 0.0024 0.0073 0.0013 

Mozambique 1.7 55.8 94.9 0.03 0.87 0.0003 0.0076 0.0002 

Madagascar 1.5 57.5 86.3 0.03 0.90 0.0003 0.0079 0.0002 

Cambodia 1.2 63.1 75.7 0.02 0.92 0.0003 0.0082 0.0002 

Sierra Leone 1.0 63.7 63.7 0.02 0.94 0.0002 0.0084 0.0001 
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Pop 

Quantile 

(millions) 

Av inc 

quantile 

(US$) 

GQP 

(million 

US$) 
Pop’n 

(%) 

Cum. 

Pop 

(%) Inc (%) 

Cumulat 

Inc (%)

Area 

under 

Lorenz 

curve 

A B C D E F G H I 

Kenya 2.9 64.8 187.9 0.05 0.98 0.0006 0.0090 0.0004 

Sao Tome 0.0 65.5 0.9 0.00 0.98 0.0000 0.0090 0.0000 

Mali 1.1 67.2 73.9 0.02 1.00 0.0003 0.0093 0.0002 

Niger 2.0 67.5 134.9 0.03 1.04 0.0005 0.0098 0.0003 

Nicaragua 0.5 68.8 34.4 0.01 1.05 0.0001 0.0099 0.0001 

Tanzania 3.3 69.6 229.7 0.06 1.10 0.0008 0.0107 0.0006 

Burundi 1.4 69.7 97.6 0.02 1.12 0.0003 0.0110 0.0003 

Cent Af Rep 0.4 70.4 28.1 0.01 1.13 0.0001 0.0111 0.0001 

Tajikistan 0.6 70.4 42.2 0.01 1.14 0.0001 0.0113 0.0001 

Nepal 2.3 70.4 161.9 0.04 1.18 0.0006 0.0118 0.0004 

Senegal 0.9 71.4 64.3 0.02 1.19 0.0002 0.0120 0.0002 

Ethiopia 12.6 72.5 913.5 0.21 1.40 0.0032 0.0152 0.0029 

Virgin Islands 0.0 54925 659 0.00 98.9 0.002 83.33 0.02 

Cayman Isl. 0.0 54925 198 0.00 98.9 0.001 83.33 0.01 

Faroe Isl. 0.0 54925 242 0.00 98.9 0.001 83.33 0.01 

Guam 0.0 54925 829 0.00 98.9 0.003 83.33 0.02 

Neth Antilles 0.0 54925 1181 0.00 98.9 0.004 83.34 0.03 

U Arab Emirat 0.3 54925 15461 0.01 98.9 0.053 83.39 0.39 

UK 5.9 55921 329933 0.01 99.0 1.140 84.53 8.32 

Switzerland 0.7 57142 39999 0.01 99.0 0.138 84.67 1.00 

Germany(U) 8.2 57291 469786 0.14 99.2 1.623 86.29 11.78 

France 5.9 58524 345290 0.10 99.3 1.193 87.48  8.61 

Netherlands 1.6 60010 96017 0.03 99.3 0.332 87.8 2.36 

Denmark 0.5 65662 32831 0.01 99.3 0.113 87.9 0.74 

Luxembourg 0.0 69740 3013 0.00 99.3 0.010 87.9 0.06 

Norway 0.4 69775 27910 0.01 99.3 0.096 88.0 0.59 

Japan 12.7 72195 916879 0.21 99.5 3.167 91.2 19.12 

Hong Kong 0.7 73618 51532 0.01 99.5 0.178 91.4 1.07 
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Pop 

Quantile 

(millions) 

Av inc 

quantile 

(US$) 

GQP 

(million 

US$) 
Pop’n 

(%) 

Cum. 

Pop 

(%) Inc (%) 

Cumulat 

Inc (%) 

Area 

under 

Lorenz 

curve 

A B C D E F G H I 

Iceland 0.0 79723 2208 0.00 99.5 0.008 91.4 0.04 

United States 27.3 87210 2380833 0.46 99.98 8.224 99.6 43.81 

Singapore 0.3 99293 29788 0.01 99.99 0.103 99.7 0.50 

Switzerland 0.7 109681 76777 0.01 100.0 0.265 99.98 1.17 

Luxembourg 0.0 121544 5251 0.00 100.0 0.018 100.0 0.07 

Total 

5951 

million  

28.9 

trillion 100%  100%                         1027.1 

 

Only the first and last part of the 30 page table used to calculate Gini coefficient for 1999 

(FX$) are displayed. The table can also be used to compute the percentage earned by any 

fraction of the economy, and the relative position of any quantile. Nine columns are shown: 

country, quantile population (millions), average income of quantile, gross quantile product 

(GQP) (Col B * Col C); population as a percentage of the total analysed, cumulative GQP 

(world income), GQP as a percentage of the total income and cumulative GQP. The final 

column shows the estimate for the area under the Lorenz curve. The formula for this is In 

=En*{H(n-1)+0.5*[Hn-H(n-1)]}, apart from the first row, where it is I1=E1*H2/2 (see figures 

5.2-3 #). 

The Gini coefficient is estimated first by summing the final column (∑
n

I
1

), to estimate 

the area under the Lorenz curve. 

The Gini coefficient (%) =100*{[5000-∑
n

I
1

]/5,000}, because the area under the 

straight line (were there no inequality) is 5,000. This is because the area of the total square, 

bisected by the straight line, is 100*100 = 10,000. Because the number of trapezoids the 

curved area has been divided into is so large (1434 in this example) the error introduced is 

trivial. 
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12. Indicator set using Worldwatch database (Bossel, 1999) 

basic orientor human system support system natural system 

existence 

 

 

Grain surplus factor Debt as share of 

GDP in developing 

countries 

World fish catch 

effectiveness 

 

Unemployment in 

European Union 

Gross world product 

per person 

Grain yield 

efficiency 

freedom of action 

 

Share of population 

age 60 and over 

Energy productivity 

in industrial nation 

Water use as share 

of total runoff 

security 

 

Share of population 

in cities 

World grain 

carryover stock 

Economic losses 

from weather 

disasters 

adaptability Persons per 

television set (1 TV 

per household) 

Capital flow (public 

funds) to developing 

countries 

Carbon emissions 

coexistence Income share of 

richest 20% 

Number of armed 

conflicts 

Recycled content of 

US steel population 

psychological 

needs 

Refugees per 1,000 

people 

Immunization of 

infants 

Chesapeake oyster 

catch 
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13. Potential indicators for an improved Index of Global Environmental Change 

Indicator Measure Data Reference (not necessarily 

source)1 

Global 
Total terrestrial 

photosynthesis 

% appropriated 10-55% Vitousek et al., 1986; 1997b; 

Rojstaczer et al, 2001 

Total aquatic photosynthesis % appropriated 8% Pauly and Christensen, 1995 

Ecological deficit (ecological 

capacity – ecological 

footprint/.88) 

 -1.1 (1996) Wackernagel et al., 2000 

Global ecological footprint % available 

biocapacity 

c 30% 1960 

c 30% 19972 

Wackernagel et al., 2000 

Water 
Fresh water runoff 

(geographically accessible) 

% appropriated 54% Postel et al., 1996 

Fresh water 

(evapotranspiration) 

% utilised 26% Postel et al., 1996 

Quality of global fresh water % potable   

Aquifers % exhausted Regional falls Postel, 1999 

Atmosphere 
Quality of urban air (global) % meeting WHO 

standard 

  

                                                 
1 Some references (e.g. Vitousek et al., 1986) are the original source, some (e.g. Lövei, 1997) cite the key 
source(s) and others (e.g. Myers et al., 2000) perform both functions. 
2 See text. These authors claim available biocapacity was exceeded in about 1975. 
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Concentration of tropospheric 

hydroxyl radicals3 

Concentration of other trace 

gases 

OH concentration, 

inferred from CH3CCl3 

(methyl chloroform) 

concentration, 

compared to 1979 

baseline 

Compared to pre-

industrial 

115% by 

1988, then 

decline to 90% 

by 20004 

Prinn et al., 2001 

Khalil, 1999 

Agricultural capacity 
Quantity of global topsoil % of baseline 

mass 
  

Quality of global topsoil  Deteriorated for c 

67% since 1950 

UNDP et al., 2000; Wood et 

al., 2000b 

Global soil moisture 600 sites, 6-15 

yrs observation 

Longest time series 

data suggest 

improvement 

Robock et al.,20005 

Grain harvest per capita Kgs per annum See figure 4.1 FAO, 2001 

Nitrogen (N) and Phosphorus (P) 
N fixed by natural 

processes6 (baseline) 

Mass c 140 Tg/annum Vitousek et al., 

1997c, Kaiser 2001b 

Terrestrial N fixation of 

human origin7 

% of baseline mass c 100% As above 

Terrestrial N mobilisation of 

human origin8 

% of baseline mass c 50% As above 

                                                 
3 Falling concentrations of hydroxyl (OH) radicals could lead to increased smog with potentially catastrophic 
results to human and biological health (Smith, 2001b). SOD may increase OH, by increasing UVR, however 
the decline since 1988 must have other causes. Decreased levels of OH may increase SO2 concentrations, 
reducing global warming, but also lead to increased concentrations of CH4 and perhaps other greenhouse 
gases. 
4 Sufficient data exists for this indicator to allow its inclusion in the IGEC. 
5 Also see http://climate.envsci.rutgers.edu/soil—moisture 
6 Natural fixation processes include by lightning and legumous plants 
7 Industrial fixation for fertilizer 80 Tg pa; fixation by legumes used in agriculture (32-53 Tg pa); fossil fuel 
combustion 20 Tg pa 
8 Refers to naturally fixed N released to environment from long term storage, eg by forest burning, wetland 
draining and land clearing. This additional N can then interfere with ecosystem functioning by processes such 
as eutrophication, including to enclosed seas and coastal regions of oceans, creating marine “deadzones”. 
Increased N can also reduce soil fertility by accelerating loss of calcium and other nutrients. N fertilisation 
has been postulated as being beneficial by increasing carbon sequestration. However, N saturation, as well as 
limitations of other inputs implies that this beneficial effect will be limited. Tree species respond differently; 
threshold effects are likely. 
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Atmospheric nitrous oxide 

concentration 

% of original 

concentration 

Increasing .2-.3% pa As above 

N dissolution into temperate 

rivers 

Compared to pre-

industrial time 

2-20 fold increase in 

rivers flowing to Nth 

Atlantic 

As above 

N concentration in ground 

water 

Compared to pre-

industrial 

concentrations 

Increased As above 

Marine N fixation Mass 30-300 Tg pa As above 

Marine N fixation of human 

origin 

% of baseline Unknown As above 

P of human origin Multiple of background  Smil, 2000 

Global climate measures 
Average global temperature 

(13.90C 1880-2000) 

Change from arbitrary 

baseline 

c 0.40C > 1960-

90 baseline in 

1997 

NOAA (Quayle et al); 

Menne, 2000 

Average global sea level Difference from past 

(arbitrary) level 

 NOAA (Varekamp) 

Population flooded by sea 

surges from rising sea level 

Difference from past 

(arbitrary) level 

5 times (2080) 

compared to 

1990s9 

Nicholls et al., 2000 

Stability measure of 

Western Antarctic ice shelf10 

Pine Island glacier 

grounding line 

Thinned 1.6 m 

p.a.  1990-1999 

Shepherd et al., 2001 

 Antarctic mass 

balance 

insufficient data Alley, 2002; Joughin and 

Tulaczyk, 2002 

Strength of El Niño La Niña 

cycle 

Southern Oscillation 

Index (% of historical 

maximum) 

Strong in 20th 

century, 

compared to last 

130k yrs 

Tudhope et al., 2001 

 

Strength of El Niño La Niña 

cycle 

 

Global sea surface 

temperature anomalies 

(SST) 

 

Monitored by 

satellite since 

1982 

 

NOAA dataset Pacific SSTs 

1984-199811 

                                                 
9 Based on estimated sea level rise of 38 cm, using Hadley general circulation models 
10 Desirable because it may provide early warning of substantial sea level rise 
11 NOAA http://www.osdpd.noaa.gov/PSB/EPS/SST/al_climo.html 20.8.01 
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North Atlantic deep water 

formation 

% of historical 

maximum 

Faroe Bank 

channel flow 

decreased 20% 

since 1950 

Hansen et al., 2001 

Biodiversity & Ecosystems 
Vertebrate populations  

Mammalian species Original estimate 4809 

described 

Myers et al., 2000 

Mammalian species/ 

populations 

% remaining, extinct 

and endangered 

  

Primate populations As above <40k orang-

utans, Borneo, 

1997 

Brookes, 1999; Wright and 

Jernvall, 1998 

Monk seals  <500 (1998) Hernández et al., 1998 

Bird species Original estimate 9881 

described 

Myers et al., 2000 

Bird species/ populations % remaining, extinct 

and endangered 

  

Reptile species Original estimate 7828 

described 

Myers et al., 2000 

Reptile species/ populations % remaining, extinct 

and endangered 

  

Amphibian species Original estimate 4780 

described 

Myers et al., 2000 

Amphibian species % remaining, extinct 

and endangered 

 As above 

Fish species Original estimate >5000 

undescribed 

As above 

Fish species % remaining, extinct, 

threatened or 

endangered 

20% extinct, 

threatened or 

endangered 

UNDP et al., 2000 

Coral populations12 % remaining, extinct 

and endangered 

Up to 50% at 

risk by 2025? 

Wilkinson, 199813 

Mumby et al., 2001 

                                                 
12 Up to 25% of marine biodiversity is found in association with coral reefs (Bellamy, 1999), making them the 
marine equivalent of tropical rainforests.  
13 Global survey 1997-8 of c 300 sites 
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Blue fin tuna stocks (Western 

Atlantic) 

% remaining <20% of 1970 

level 

Magnuson et al., 2001 

Invertebrate populations 
Vascular plants Original estimate c300,000 Myers et al., 2000 

Vascular plants % remaining, extinct 

and endangered 

  

Non-vascular plants Original estimate c30,000 Myers et al., 2000 

Non-vascular plants % remaining, extinct 

and endangered 

  

 

Insect species 

 

Original estimate 

 

Unknown 

95% (?) of 

total species 

 

Myers et al., 2000 

Insect species/ populations % remaining, extinct 

and endangered 

  

Biodiversity “hot spots” % primary vegetation 

remaining 

12.2% (2000) Myers et al., 2000 

Biodiversity “hot spots” % protected in national 

parks 

37.7% (2000) As above 

Species mixing global % of exotics Unknown 14 Lövei, 1997 

Species mixing Australia % of exotics 11.1% As above 

Forests and wetlands 
Total forest cover 

(c60 m km2 c8ky bp) 

% remaining c35 m km2 

1996 

Roper & Roberts, 1999 

Forest quality % “pristine”15   

Wetlands % remaining of 1900 

baseline level 

50% infilled UNDP et al., 2000 

Wetlands % remaining of 1900 

baseline level 

85% lost by 

2080 16 

Nicholls et al., 2000 

                                                 
14 Lövei (1997) in a table modified from Vitousek et al (1997a) lists species mixing data for 11 regions, from 
states to continents, with mixing ratios from 6.9% (Russian Arctic) to New Zealand (39.9%) and Hawaii 
(42.9%). 
15 Noble and Dirzo (1997) points out that most forests which could be considered “pristine” have been 
modified, to a varying extent, by humans for millennia. But any subsequent argument that all human-caused 
changes to forests are natural (and by implication benign) is tendentious. 
16 Nicholls et al (2000) estimate that wetlands may be further reduced by 70%. The 85% figure incorporates 
this with the UNDP et al’s estimate. 



Appendices 

418 

 

Living Planet Index 
 Compared to 1970 

baseline 

 Loh, 2000 

    

 
Lack of adequate time series data precludes incorporation of most of these indicators to the 

current index. 
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Glossary of technical terms 

albedo: a measure of the reflectivity of the Earth’s surface. 

Anthropocene: period, roughly coincident with the Holocene, marked by extensive human caused 
environmental change, global in scale. 

attitudinal transition: progression to public support for sustainability transition. 

carrying capacity: the maximum population at a given level of environmental consumption, 
supportable by a given area for a given time. 

carrying capacity co-factors: factors that modify the carrying capacity of any area, including 
technology, affluence, social organisation, environmental status, trade and aid. 

causal chain: a linear sequential series of causes. 

causal web: an arrangement of causal elements more complex than a causal chain, probably with 
feedback elements. 

civilisation: "The constant struggle to close the gap between aspiration and achievement" (adapted 
from Hammarskjöld). 

civilisation failure: reduced civilisation service function. 

civilisation services: governance, education, health care, the rule of law, ethics, communication 
systems, functional infrastructure, repair and maintenance services, an evolution towards 
greater human rights. 

civilisation transaction costs: civilisational elements that reduce human and economic 
productivity, including litigation, war, widespread fear, disease and technological failure. 

claste: a hybrid of "class" and "caste" reflecting the globalisation of four distinct socio-economic 
groups. These are an elite claste, an affluent mobile professional clastes, a third claste of 
lesser-skilled workers with greatly restricted mobility and a poorest claste that receives 
inadequate nutrition and minimal formal education. The approximate populations of the 
first three groups are in the millions, hundreds of millions and billions respectively. The 
population of the fourth group approximates a billion. 

complexity: emerging field of mathematics and thought that models non-linearities, threshold 
events, surprises, and attractors. 

consumption bomb: strain to global carrying capacity from burgeoning increase in material 
affluence. 

contrarian: worker who holds a scientific opinion at odds with the vast majority. 

cornucopian: worker who believes that technological and other advances will always occur at a 
sufficient rapid rate to avoid severe problems, such as poverty, famine, and conflict. 

cukong: an entrepreneur involved in logging operations in South East Asia who prefinances and 
thus indebts logging gangs. 
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Cornucopian enchantment: exaggerated belief in Cornucopianism 

demographic entrapment: dynamic system of exacerbated poverty, occurring on a national or 
regional scale, leading to non-voluntary falls in population growth rates and even total 
population size. This occurs to populations whose demands have exceeded their available 
carrying capacity, and who lack sufficient entitlement to emigration, credit and aid. 

demographic transition: progression from population marked by high fertility and low population 
growth rate to one with low fertility and low population growth rate. 

distal cause: underlying phenomenon linked to outcome through one or more observable causes 
that are more proximal. 

ecological economics: school of economics that insists on the dependency of the measured 
economy upon the natural economy. 

ecological entrapment: a dynamic system leading to severe conflict, at a global scale, with 
involuntary reduction in global population growth rate or total global population size. May 
occur if the global population does not develop and exhibit sufficient co-operation to ensure 
all constituent parts receive sufficient resources. May be precipitated by dramatic, 
foreseeable but ultimately unstoppable adverse global environmental change, such as 
collapse of the Gulf Stream or the Western Antarctic Ice Shelf. 

ecosystem health: adequate ecosystem function, which, at the same time, ensures optimal human 
health. 

emergence: term used in complexity theory to describe the appearance of a novel phenomenon, not 
intuitively predictable from its antecedents. 

entitlement: the ability to translate demand to effective demand. 

environmental brinkmanship: incrementally changing the global environment, in ways perceived 
by most scientists to be adverse, thus approaching uncertain threshold points beyond which 
global civilisation failure becomes unacceptably high. 

environmental Kuznets curve: claim that environmental amenity first deteriorates then improves 
as a function of economic growth. 

epidemiology: study of the determinants of population health. Determinants of a functioning 
civilisation is a legitimate field of epidemiological enquiry. 

foreign exchange adjusted income: income converted to internationally tradeable currency, such 
as US dollars. 

future-eaters: unsustainable consumption of environmental resources, leaving less for future 
generations. 

Gini-coefficient: commonly used measure of inequality, varying from zero (no inequality) to one 
(all income received by one person). 

Gulf Stream: part of the global oceanic "conveyor belt" that penetrates the far north Atlantic, 
increasing mean temperatures in large parts of Europe by about 50C. 

Holocene: current interglacial period. 
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insolation: quantity of solar energy reaching the Earth. 

international purchasing power: ability of an individual or population to influence the behaviour 
and lifestyle of individuals or populations in non-domestic economies. 

Kravis coefficient: ratio of a population's purchasing power parity adjusted income to its exchange 
adjusted (FX) income. 

Kuznets curve: theory that inequality first increases then increases as a function of economic 
growth (see environmental Kuznets curve). 

Kuznets’ hypothesis: see Kuznets curve 

Kuznets’ unsung hypothesis: that power inequality is a function of both income inequality and per 
capita income 

marginal carrying capacity: carrying capacity contributed to by the most recent person to join an 
economy. 

mass balance: The difference between the accumulation (input) and discharge (output) of ice. 

Net Biome Production (NBP): NEP with additional accounting for changes to carbon storage from 
fires, insect-induced mortality, logging, and other natural and human-induced disturbances. 

Net Ecosystem Production (NEP): difference between NPP and soil respiration, representing the 
net carbon flux from the atmosphere to ecosystems. 

Net Primary Production (NPP): difference between plant photosynthesis and respiration. 

network closure: shared world view held by co-workers. 

normal science: characterised by reductionism, linearity, low tolerance of uncertainty. 

North Atlantic deepwater formation: part of global conveyor belt system; process by which the 
Gulf Stream after reaching its maximum northerly extent becomes cooler and denser, and 
thus sinks. Weakening may lead to a more southerly point of formation, or even a stop to 
the Gulf Stream. 

nuclear brinkmanship: process of incremental provocation of a nuclear-armed opponent, thus ever 
approaching an uncertain threshold point beyond which nuclear war becomes extremely 
likely. 

nuclear winter: global haze sufficient to block out virtually all light; if persistent for months may 
kill most life forms dependent on photosynthesis. 

organisational transition: organisational change enabling maximisation of civilisation function 
while minimising environmental harm. 

planetary overload: burdening of life support systems on a global scale, by humans and their 
lifestyle. 

post-normal science: characterised by complexity, acceptance of uncertainty. 
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precautionary principle: belief that action with potential for significant environmental harm 
should be not be undertaken until safety and risks better understood. 

proximal causation: apparent, or near cause. 

purchasing power parity adjusted income: income adjusted to reflect different price structures in 
different economies. 

quantile: strictly, any fraction. Used in this thesis to refer to a decile or quintile.  

radiative forcing: The capacity of atmospheric components to trap heat, measured as watts per 
square metre. 

stratosphere: atmospheric layer approximately 40,000 metres above the Earth’s surface, separated 
from underlying troposphere by the tropopause. 

sustainability: the retaining of a sufficient set of environmental and civilisation services to allow 
civilisation to persist for very long periods (millennia). 

sustainability transition: progression to sustainable economy; likely to include global 
demographic, technological, social and organisational transitions. 

sustainable carrying capacity: the maximum population, at a given level of environmental 
consumption, supportable by a given area for an indefinite time. 

sustainable society: civilisation that does not undermining either its physical or its social systems 
of support. 

technological transition: progression to energy, transport and other industrial systems at a global 
scale, without compromising sustainability. 

troposphere: the lower atmosphere, extending to approximately 10-15,000 metres above the 
Earth’s surface. 

Younger Dryas: period of cooling soon after the start of the Holocene (c12,900 – 11,600 years 
ago).
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Afterword 

The roots of this thesis date to the 1970s, when I had some first hand experience of 

poverty. Wishing to escape, I determined to study medicine, and I formed the ambition to 

work primarily in developing countries. Professor John Hamilton, the dean of our medical 

school, encouraged me in my plan to take a year’s leave (1985), which was spent primarily in 

the Third World, mainly in Nigeria, Nepal and India. 

The late 1980s were tumultuous for the Green movement in Tasmania, and following 

graduation I became involved with several issues at the boundary of public health, including 

excessive working hours for junior doctors, the possible adverse health effects of 

organochlorines from pulp mills, and the ecological effects of clearfelling old growth forests. 

Professors David Suzuki and Paul Ehrlich were successive speakers at the Richard Jones 

memorial lectures at the University of Tasmania, and their clarity, concern and passion helped 

to further convince me that civilisation was at risk from a global environmental crisis. In 1989 

I was excited to read an editorial about climate change in the Lancet,1 but I also reflected how 

few of my medical colleagues seemed interested. 

Returning in 1990, to study at the London School of Hygiene and Tropical Medicine 

(which I had first visited five years earlier) a stand-in lecturer, Dr Maurice King, spoke with 

passion about the need for public health to be sustainable. I had already read King’s book,2 

rightly regarded as a milestone for the Primary Health Care movement as part of my 

preparation for going to Africa, and recall collaring Maurice in the bar at the London School 

that night. 

In 1991, the penny about climate change and human health was finally starting to drop 

in Australia, too, and my letter3 in response to the first editorial on this topic in the MJA4 was 

both my first contribution to the formal health literature, and also led to my friendship with 

Professor Tony McMichael, the editorial’s author. This letter predicted not only further 

                                                 
1 Anonymous. 1989. Health in the greenhouse [editorial]. The Lancet, i, 819-820. 
2 King, M. 1966. Medical care in developing countries. A primer on the medicine of poverty and a 
symposium from Makerere, Oxford University Press, Nairobi, Kenya. 
3 Butler, C.D. 1991. Global warming, ecological destruction and human health [letter], Medical Journal of 
Australia, 155: 153. 
4 McMichael, A.J. 1991. Global warming, ecological disruption and human health: the penny drops [editorial] 
Medical Journal of Australia, 154: 499-501. 
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closure of the demographic trap, a term that King was popularising,5 but also of what I called 

the “technology trap”, which extended Ehrlichs' phrase “the energy trap”6 to include all 

environmentally harmful technology. 

In the mid-1990s, despite some encouraging talk associated with and following the Rio 

“Earth Summit”, the fuse of the “consumption bomb”7 continued to burn. In 1994, to finance 

my repeated visits to India, and also that of trying to launch an innovative non-government aid 

organisation8 (BODHI), a microscopic hybrid of Oxfam, Greenpeace and a Buddhist version 

of Christian Aid, I accepted a rural incentive programme contract. This was to provide general 

practice and hospital services to a rural, comparatively poor population in the Tasmanian 

midlands, an area characterised by high unemployment and high inequality. The contract, for 

two-years, was signed about a week before an expanded version of my 1991 letter was 

accepted by the Lancet,9 following judicious editing advice, mainly from McMichael and 

Professor John Last.10 This caused as much astonishment as delight, and I wondered if I might 

one day be able to forge a proper public health career. 

With encouragement from Tony, I again studied at the London School (1996-7) 

undertaking an MSc degree in epidemiology, with hopes of then proceeding to a PhD 

examining an aspect of climate change and human health. A highlight of that time was starting 

an “environmental rights” group among the student body in London. This sought to explore 

the relationship between public health and human rights, global economic policy and global 

environmental change, using both the expertise among students, and that gleaned from the rich 

dissident intellectual environment that London still affords. Speakers included Derek 

Summerfield,11 Robin Stott12 and, again, Maurice King. 

Unsuccessful in obtaining sufficient financial support to undertake a PhD in Britain, I 

returned to Australia in late 1997, via India, making my sixth visit. As well as meeting 

BODHI’s one part-time employee, I attended the Ross centenary conference, held in 

                                                 
5 King, M.  1990. Health is a sustainable state. The Lancet, 336, 664-667. 
6 Ehrlich, P.R. and Ehrlich A.R. 1990 Healing the planet. Strategies for solving the environmental crisis 
Addison-Wesley, New York, NY, USA. 
7 Butler, C.D. 1997. The consumption bomb. Medicine, Conflict and Survival, 13: 209-218. 
8 Benevolent Organisation for Development, Health and Insight (BODHI) was founded in mid-1989. 
BODHI’s founding patron is the 1989 Nobel Peace Laureate, His Holiness the XIVth Dalai Lama; Maurice 
King became honorary public health adviser in 1990. 
9 Butler, C.D. 1994. Overpopulation, overconsumption and economics. The Lancet, 343: 582-4. 
10 And some encouragement from Professor Frank Schofield and Dr Warwick Fox. 
11 Summerfield, D. 1989. Western economics and Third World health, The Lancet, ii, 551-552. 
12 Stott, R. 1995. The Third World debt: a symptom of the global crisis, Medicine and Global Survival, 1: 92-
97. 
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Secunderabad, to commemorate Sir Ronald Ross’s 1897 discovery that mosquitoes transmit 

malaria, a scourge which still kills up to 3 million people per year.13 A visiting US expert, 

giving the keynote address before several hundred delegates, mainly Indian, spoke frankly of 

the futility of lobbying for further research funds, and suggested instead that malaria 

researchers would need to learn to better use their limited funds. 

My immediate reaction was that though brutally honest, this was only true because 

those who suffer from malaria are overwhelmingly poor. It then occurred to me, with an 

intensity previously sensed comparatively faintly, that the way the population of the First 

World views and treats that of the Third World parallels the way the upper caste Hindus treat 

the dalits, a group that BODHI has also worked with. These thoughts led to coining of the 

word “claste” and a preliminary analysis of the global claste system.14 It soon also occurred to 

me that global economic discrimination also provided a previously under-recognised causal 

explanation for the process that I have described here as “environmental brinkmanship”. 

Having aroused suspicions with the Indian government, my post-MSc hopes of staying 

longer in India were clearly untenable (I had great difficulty obtaining a visa for a week), so 

I returned to Australia to continue a conversation about a possible PhD with Professor Bob 

Douglas, at the National Centre for Epidemiology and Population Health. Bob encouraged 

me to follow my passion, and even to be daring. But he repeatedly warned me that the 

thesis I proposed was fraught with difficulty, even though he was willing to stand by me. 

Thus began the intellectual effort described in the preceding pages.

                                                 
13 Butler, C.D. 1998. The Ross centenary conference. Australasian Epidemiologist, 5 (1): 10-13. 
14 Butler, C.D. 2000. Inequality, global change and the sustainability of civilisation. Global Change and 
Human Health, 1, 156-172. 
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