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Chapter 1

The Living Planet

“Man is but earth ‘Tis true’, but earth is the centre.”

John Donne, LXXX Sermons, 1640.

1.1.  Life on Earth

Earth, the third planet from the sun, was formed some 4.6 billion years ago [1,2].

The first simple life forms appeared a billion years later and, despite suffering

five major extinctions since then, the oceans and landmasses now teem with a

huge diversity of animals and plants [3]. From space an obvious sign of life is the

seasonal variation of photosynthesis that causes the colours of the continents to

change with the great burst of growth of deciduous plants in springtime and the

fall of leaves in autumn. A more sophisticated observer might see that the

infrared radiation emitted by Earth shows gaps where absorptions by

atmospheric water, methane, ozone and carbon dioxide occur as seen in Fig. 1.1

[4]. In contrast, the infrared radiation from Earth's apparently lifeless neighbours,

Venus and Mars, the second and fourth planets from the sun, shows a large gap

due to absorption by atmospheric carbon dioxide alone. Water is essential to all

known forms of life and the presence of ozone indicates that oxygen, from which

it is produced by solar radiation, is also present in Earth's atmosphere. Oxygen is

produced by cyanobacteria, algae and green plants and is essential to the life of

air breathing animals [5]. Conversely, methane is produced from dead animal

and plant tissue by anaerobic bacteria that shun oxygen. Thus, the infrared

absorptions due to water, ozone and methane may be viewed as the signature of

life written large in Earth's atmosphere, a signature eagerly sought by those

seeking life on other planets [6]. Meanwhile, humanity signals its presence with

a barrage of microwave and radio transmissions and city lights sprinkled across

the night side of Earth [7]. However, as population grows and demands for

resources increase, a question mark hangs over humanity's tenancy of the planet

on which some one hundred billion humans have so far lived [8]. Earth now

faces a challenge to the resilience of its biological environment and habitability
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of a magnitude never before presented by a living species. It is the nature and

possible consequences of this challenge that are explored in this book.

EARTH

Methane

Water VENUS

MARS

In
fr

ar
ed

 a
bs

or
pt

io
n

In
fr

ar
ed

 a
bs

or
pt

io
n

In
fr

ar
ed

 a
bs

or
pt

io
n

Wavelength in micrometres
8 10 14 20

Wavelength in micrometres
8 10 14 20

Water

Ozone

Carbon
dioxide

Carbon
dioxide

Carbon
dioxide

Fig. 1.1.  The absorption of infrared radiation emitted by Earth, Venus and Mars by carbon dioxide
in their atmospheres. The additional infrared absorptions by water, methane and ozone in Earth's
atmosphere indicate the presence of life. Adapted from [4].

A plethora of animal and plant species have appeared on Earth only to be either

much diminished or to disappear altogether in five great extinctions [9]. Of all

the species that have lived almost all have vanished. The Late Ordovician

extinction saw the demise of eighty-five percent of all species 440 million years

ago and was followed by the loss of eighty percent of species in the Late

Devonian extinction 365 million years ago. The largest extinction, the Permian-

Triassic, occurred 250 million years ago with the loss of ninety-six percent of

species only to be followed by the loss of seventy-six percent of species 205

million years ago in the Late Triassic extinction. These great extinctions took

place over tens of thousands to a million years. They appear to have been caused

by asteroid impacts, volcanic eruptions and interrelated changes in climate, sea

levels and atmospheric composition that occurred as the continents slowly drifted

to their present positions.

1.2.  Life's Vicissitudes
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The Cretaceous-Tertiary extinction occurred sixty-five million years ago with

the loss of eighty percent of all living species including the dinosaurs [10]. This

has been attributed to a large asteroid striking Earth at Chicxulub on the coast of

the Yucatàn peninsula of Mexico. After the initial massive destruction caused by

the impact which may have triggered major volcanic eruptions, the debris, smoke

and dust that filled Earth's atmosphere greatly reduced the sunlight reaching the

surface and caused a global cooling and reduction in photosynthesis. This was

probably followed by a substantial global warming caused by the loading of the

atmosphere with carbon dioxide and water from vaporization of carbonate rocks

and ocean water caused by the heat of the impact. While these events would have

made life very difficult, a 2004 study suggests that this asteroid impact occurred

some 300,000 years before the Cretaceous-Tertiary extinction began and that a

series of later asteroid impacts may have caused the extinction [11]. However,

such is the tenacity of life that the demise of one set of species has invariably

been accompanied by the rise of new species. Today, of all of Earth's estimated

100 million or so living species, ranging from single cell organisms to advanced

plant and animals, only about 1.5 million have been described [12,13].

Of these multitudinous lifeforms, humans are now dominant and with the

birth of Adnan Nevic in Sarajevo on 12 October 1999 the United Nations

formally recognized that the human population had reached six billion [14]. This

population has arisen from a few thousand African progenitors of some 200,000

years ago and thrives in the warm Holocene epoch that has lasted almost 12,000

years since the retreat of the great ice sheets of the last Ice Age [15]. So large is

this population that there remains no part of Earth that has not been changed to

some extent as a consequence [16,17]. However, the record of past extinctions

holds a salutary message for humanity, a young species by comparison with

other species that have inhabited Earth such as the dinosaurs that were dominant

for 165 million years. Humans are at once the most intelligent, inventive and,

both wittingly and unwittingly, destructive species that Earth has yet seen. It is

this last characteristic that is responsible for a sixth great species extinction now

underway [18,19]. This holds a great danger for it is possible that a combination

of the destruction of complete ecosystems, or biomes, an imbalance in the

biological diversity, or biodiversity, of species and a decline in the populations of

individual species in the environment may become so great that humanity's
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future is jeopardized. This could arise through an overwhelming of biological

recycling systems, a failure of food supply and the spread of disease. Fortunately,

a growing awareness that humanity has become the custodian of the environment

shows signs of leading to a more perceptive approach to the health of the planet.

1.3.  A New Realization

The slow realization that humanity has a global stewardship role has an

interesting history. Humans have always possessed a lively curiosity that was

probably a major stimulus for their spread to all of the habitable continents

during their nomadic phase. Once largely settled, they retained an urge to

explore. Thus, in relatively recent times humans spread across the Pacific to

settle the myriad islands of Melanesia, Micronesia, Oceania and Polynesia [20].

The Arabs and Chinese explored the southern oceans in pursuit of trade and the

Europeans circumnavigated Earth and settled in lands far from their places of

birth. Because of the slowness of their vessels a feeling of the vastness of the

oceans and the planet was implanted in the minds of these seafarers and was

passed on to humanity at large. However, this was to change slowly from the late

nineteenth and early twentieth centuries with the advent of flight by balloon and

aircraft that led to a shrinking perception of the size of the planet.

The next major step came with the launch of the first satellite, Sputnik 1, on 4

October 1957, that heralded the beginning of the space age and had millions

watching the night sky to marvel at this small artificial moon regularly traversing

its Earth orbit [21,22]. Shortly afterwards, on 3 November 1957, Sputnik 2 took

the first of Earth's inhabitants, the dog Laika, into orbit. A few years later, on 12

April 1961, Yuri Gagarin in the spacecraft Vostok became the first man to orbit

Earth during the Cold War driven space race between the Soviet Union and the

United States [23]. The next immense step came with the Apollo 11 mission and

the landing on the moon of the first man, Neil Armstrong, on 20 July 1969, who

memorably said as he stepped onto the lunar surface: "One small step for (a)

man, one giant leap for mankind" [24]. Remarkable as this achievement and

subsequent lunar landings were technologically, it is probable that the pictures of

Earth from the moon that they provided generated the greatest impact. For the

first time all humanity could see Earth as a magnificent translucent blue planet
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on which are traced the outlines of continents, oceans, rivers and mountain

ranges partially covered by clouds suspended in a surprisingly thin envelope of

air. This now familiar picture of Earth against the blackness and immensity of

space has reinforced a global awareness of the smallness of the planet and the

fragility of its habitability.

This raises the question as to whether humanity is intelligent and capable

enough to maintain Earth in a sufficiently healthy state to sustain the generations

to come [25]. In seeking an answer to this question a wide range of issues is

explored in this book. This chapter begins the exploration through a brief

examination of the demands placed on Earth by humanity and the perceptions

and understandings that were slowly reached in the twentieth century. The

chapters that follow contain more detailed considerations of the pressures of

population growth, the basic necessities of water and food, a remarkable new

understanding of biology, the ever present possibility of disease, the seemingly

insatiable demand for energy, and human induced global atmospheric changes

and the consequent beginning of climate change.

1.4.  Humanity's Footprint

As a walker on a sandy seashore leaves footprints to be washed away by the

incoming tide, so humanity leaves ecological footprints on the environment, but

so large have they become that nature's regenerative capacity is no longer able to

wash them away. And yet for most of humanity these footprints are made

unknowingly in seeking to satisfy everyday needs and aspirations. Few would

relish being accused of despoiling Earth, yet this despoliation has accelerated

with population growth and expectations of higher living standards. The point

has now been reached were humanity’s impact threatens to impose a decline in

the quality of life and possibly to render some now habitable parts of Earth close

to uninhabitable because of either land degradation or flooding or both.

Such a dismal prognosis is not new but, probably just in time, an increasing

global awareness of the problem may restore a balance between humanity's

demands and Earth's regenerative capacity. The nature of the problem is shown

by a 1999 study of the ecological footprint of the people of the county of

Malmöhus in southern Sweden that is a microcosm of the highly demanding

developed world and is illustrated by Fig. 1.2 [26]. The size of this footprint was
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established by comparing the resources consumed and the waste produced by the

people of Malmöhus with the ability of the county's environment to absorb these

demands and to completely regenerate while reserving a minimum of twelve

percent of the county's area to preserve the biodiversity of nature [27]. In other

Fig. 1.2.  The county of Malmöhus showing its actual area, its biologically productive area on the
basis of average global productivity, and its ecological footprint in terms of the consumption and
waste production of its population. Adapted from [26].

words, it is an assessment of the ability of Malmöhus to sustain the lifestyle of its

people while retaining its animal and plant inhabitants in a healthy state. The

footprint includes the consumption of energy, food, clothing and other

requirements of the people of Malmöhus and the waste they produce. This waste

is mainly carbon dioxide to be absorbed by the growth of permanent forests [28],

and nitrates and phosphates from sewerage and agricultural fertilizer runoff to be

filtered by wetlands and assimilated by plants and microorganisms that protect

fresh water supplies and aquatic ecologies [29]. It also takes into account the

balance between imported and exported consumables and the waste produced
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from them and so incorporates the use of land and ocean beyond Malmöhus’

borders.

Malmöhus is fortunate as the 1.2 hectares of available productive land per

person are so biologically productive that they are equivalent to 3.4 hectares of

land of globally averaged productivity. When twelve percent of this is set aside

for maintaining biodiversity, 3.0 hectares of land of globally averaged

productivity are available to each person in Malmöhus. However, the Swedish

ecological footprint is 7.2 hectares of land of globally averaged productivity so

that land elsewhere has to make up the difference of 4.2 hectares for each person

in Malmöhus. This difference represents the ecological deficit for Malmöhus as

is illustrated in Fig. 1.2. Fortunately for Swedes, 8.2 hectares of land of globally

averaged productivity per person are available in Sweden after subtracting

twelve percent to preserve biological diversity. However, if every nation adopted

the 1997 Swedish lifestyle the capacity of Earth would be exceeded threefold.

Ecological footprint calculations are almost certainly on the low side as

accounting for the effect of every human activity on the environment is probably

unachievable. Even so, such calculations invariably show the ecological

footprints of most nations to be greatly overtaxing the environment’s capacity to

regenerate as is seen from the selection of nations in Fig. 1.3 [30]. Thus, in 1997

the average Canadian used 7.0 hectares of globally average productive land and

0.7 of a hectare of productive ocean to give a total of 7.7 hectares per person.

This compared with an available biological capacity of 9.6 hectares per person to

sustain the Canadian lifestyle. By the same calculation, an American required

10.3 hectares whereas there were only 6.7 hectares available per person in the

United States that as a consequence had an ecological deficit of 3.6 hectares per

person. In contrast, an Indian had a much smaller ecological footprint of 0.8

hectares per person and yet India could provide only 0.5 hectares for each of its

people and had an ecological deficit of 0.3 hectares. This compared with an

average footprint of 2.8 hectares per person for Earth's entire population in 1997,

whereas only 2.0 hectares were available so that there was an ecological deficit

of 0.8 hectares per person. Generally, the larger the ecological footprint per

person the higher is the standard of living of the nation and its gross domestic

product. Thus, Fig. 1.3 largely reflects the relative wealth of nations. Clearly,

Earth is ecologically overstretched and as the developing nations seek to attain
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the living standards of the developed nations and population grows this

overstretching will increase unless humanity becomes less demanding and far

more efficient at using Earth's resources.

Nation Ecological footprint
in hectares per person

Available biocapacity
in hectares per person

*United States  10.3  6.7
 Australia  9.0  14.0
 Canada  7.7  9.6
*Russian Fed.  6.0  3.7
*Germany  5.3 1.9
*United Kingdom  5.2  1.7
*Japan 4.3 0.9
 France  4.1 4.2
*Poland  4.1  2.0
 Argentina  3.9  4.6
*Venezuela  3.8  2.7
 Malaysia 3.3  3.7
*South Africa  3.2  1.3
*Mexico  2.6  1.4
*Thailand 2.8 1.2
 Columbia 2.0 4.1
 Peru  1.6  7.7
*Nigeria  1.5  0.6
*Philippines  1.5  0.9
 Indonesia 1.4  2.6
*China  1.2  0.8
*Egypt  1.2  0.2
*Ethiopia  0.8  0.5
*India  0.8  0.5
*Pakistan  0.8  0.5
*Bangladesh  0.5  0.3

*Earth  2.8  2.1

*Ecological footprint exceeded available biological capacity to give an ecological
deficit at the 1997 standard of living.

Fig. 1.3.  The ecological footprints and available biological capacity for a selection of nations. Data
from [30].

When the 1997 ecological footprint per person is multiplied by a nation's

population a national ecological footprint is obtained as shown in Fig. 1.4 for

five of each of the more populous developed and developing nations that

together used 46.2 percent of Earth's biological capacity. Thus, the United States

and China used the largest portions and Japan used eight times the portion taken

by Bangladesh despite having a similar population.

Another assessment of humanity’s impact was gained from a 2004 estimate

that about twenty percent of the amount of annual plant growth, and through it

animal growth, on land and referred to as net primary production was consumed
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by humans as food and materials [31]. There was a great variation in this

consumption from close to zero in sparsely inhabited regions to over 30,000

percent in large urban areas. On a regional basis, Africa consumed 12.40 percent,

East Asia, 63.25 percent, South and Central Asia, 80.39 percent, Western

Europe, 72.22 percent, North America, 23.69 percent and South and Central

America, 6.09 percent. Average consumption per person in the developed nations

was almost twice that of the developing nations where eighty-three percent of the

population lived. Should the per person consumption of the latter nations rise to

match those of the former, global consumption would rise to thirty-five percent

of Earth’s net primary production on land.

Nation 1997 Population in millions Percentage of Earth's biological
capacity appropriated

Developed

United States  268  16.7
Russian Fed.  146  5.3
Japan  126  3.2
Germany  82  2.6
United Kingdom  59  1.8

Developing

China  1,247  9.1
India  776  4.7
Indonesia  204  1.7
Pakistan  149  0.7
Bangladesh  126 0.4

Fig. 1.4.  The 1997 appropriations of Earth's biological capacity by ten nations [30].

1.5.  Economics and the Environment

Despite humanity's dependency on the life supporting services that the

environment performs, these services are generally undervalued because they

have always been present and it is assumed that they will continue to be so.

Briefly stated, these services include the regulation of climate, the recycling of

the nutrients and materials that sustain living organisms, the recycling of fresh

water, soil protection, crop pollination and pest control amongst others, and yet

these are generally assumed to be "free". Although all of humanity's everyday

and economic activities are dependent on these services, economic

considerations seldom include them [12,32]. One estimate of the monetary value

of these services is gained from the massive and somewhat controversial
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Biosphere 2 experiment set up in 1991 in the Sonoran Desert of Arizona to

support eight people for two years [33]. This large self-sustaining and closed

environment contained some 4,000 plant and animal species in tropical

rainforest, marsh, desert, cropland and oceanic ecosystems. Its source of power

was sunlight and electricity that drove pumps, sensors, scrubbers and cooling

systems to maintain habitability. It cost US$150 million to run for two years that

averaged to US$9 million per person for a year. To provide similarly for a six

billion human population at this rate would cost US$54 thousand trillion

annually, or about 3,000 times Earth's 1997 gross domestic product, an

impossibly high figure. Obviously this is an extreme example as such complete

life support systems would only become necessary in the event of a total

environmental breakdown, a distant possibility that fortunately there still appears

to be time to avoid. Evidence that humanity is awakening to such a possibility

may be drawn from the internationally enforced prohibitions of the use of the

ozone depleting chlorofluorocarbons, or CFCs [34], and the increasingly

stringent international sanctions practiced and proposed against global warming

carbon dioxide emissions [35,36].

Until quite recently, economists tended not to overtly count the value of

environmental assets among a nation's wealth [37]. As a result rivers, aquifers,

forests, cropland, fisheries and other natural assets could be exploited beyond

their regenerative ability without the consequential impoverishment appearing

explicitly in national accounts. In the last decades of the twentieth century that

saw the widespread adoption of market economics as the management model for

national and international affairs, change arrived slowly with the first attempts to

place monetary value on environmental assets. Such valuation is inevitably

complex and may vary greatly depending on the perceptions and ambitions of the

valuer. Nevertheless, a full valuation of environmental assets is essential if

further impoverishment of Earth's biological capacity is to be avoided [38].

In 1997, a detailed attempt to cost the global value of services provided by the

environment arrived at the huge value of US$33 trillion that compared with

Earth's gross domestic product of US$18 trillion [39]. This assessment

subdivided the environment into eight parts, or ecosystems, leaving others

uncosted as shown in Fig. 1.5. Inevitably, this analysis has drawn considerable

comment and some criticism [40]. Even so, it provides an important new element
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in the intensifying global argument between those proposing economic

development and those opposing it on environmental grounds that often include

aesthetically and ethically based assessments that are difficult to quantify in

economic terms [18,41]. Nevertheless, it seems likely that the type of injudicious

developments of the past, that when fully costed lost more for humanity than

they gained, will be increasingly resisted both on environmental and economic

grounds.

Ecosystem Area in millions of hectares Annual value in US$ trillion

Oceans  33,200 8.4
Coastal regions  3,102  12.6
Tropical forests  1,900  3.8
Other forests  2,955  0.9
Grasslands  3,898  0.9
Wetlands  330  4.9
Lakes and rivers  200  1.7
Cropland  1,400  0.1

The total annual economic value of the surface environment, excluding desert, tundra, urban,
and ice and rock ecosystems is US$33.3 trillion.

Fig. 1.5.  The estimated monetary value of Earth's environment. There is some uncertainty in the
range of upper and lower limits in the estimations of the averaged value shown for each ecosystem.
For the entire environment, this range was estimated to be US$16-54 trillion with an average value
of US$33.3 trillion in 1997 [39].

While estimation of the monetary value of the services provided by the

environment as shown in Fig. 1.5 is a major step forward, the practical

realization of this worth requires a sophisticated approach. This was shown by

the city of New York that draws much of its water from the Catskill Mountains

[42]. Until the early 1990s water purification by microorganisms, root systems,

and sedimentation in the catchment area cleansed water to the levels required for

urban supply. However, gradually increasing levels of sewerage, fertilizers and

pesticides in the catchment caused water quality to deteriorate to an unacceptable

level. As a consequence, New York was faced with either building a purification

plant at a cost of US$6-8 billion with annual running costs of US$300 million, or

restoring the Catskill water catchment by buying land in and around it and

subsidizing the improvement and building of local sewerage treatment farms at a

cost of US$1-1.5 billion. The latter course of action was chosen with an

expectation that major savings would accrue. Similar realizations of the

economic and environmental advantages of biological water purification have
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resulted in either the restoration or construction of hundreds of wetlands for this

purpose in Europe, North America and elsewhere [43].

As awareness of the environmental damage often caused by commerce and

industry grows so does regulation to reduce such damage. In time, this will

inevitably lead to companies either having to include in the cost of their products

a component to repair the environmental damage the manufacture and use of

their products might cause, or to pay taxes to repair such damage, or a

combination of these environmental protection measures. This is already the case

for acid rain-causing sulfur dioxide in developed nations where the acidity of

rain has fallen as a result [44,45]. Accompanying such changes are likely to be

accelerating changes in consumer choice made either on the economic grounds

of the increasing cost of environmentally damaging products or on the basis of

choosing to protect the environment.

1.6.  Changing Earth

Most of humanity has seen wilderness cleared for agricultural use, forests felled

for timber, suburbs encroaching onto farmland and other changes in the

landscape. Frequently accompanied by a decrease in wildlife, these changes in

the environment are the most immediately obvious ones that humanity has

wrought as population and economic activity have increased. However, in the

latter decades of the twentieth century and at the beginning of the twenty-first

century, it is probable that the more subtly detectable depletion of the ozone

layer and increasing levels of carbon dioxide in the atmosphere and their

consequences have been the most publicly discussed of humanity's impacts on

Earth. In particular, the issue of global warming has attracted great attention

[35,36].

Evidence that Earth is warming has come from a range of sources as

exemplified by underground temperatures measured from 616 boreholes on

every continent except Antarctica [46]. This study shows that Earth has slowly

warmed by about 1oC over the past 500 years with the greatest increase in the

rate of warming occurring in the twentieth century. This coincides with the

increased carbon dioxide content of the atmosphere, caused by fossil fuel

burning, cement production and land clearing, retaining increasing amounts of
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Earth's infrared radiation in an enhanced greenhouse effect. Other studies that

deduce the increase in Earth's temperature by a range of methods show that the

twentieth century was the warmest over the past 400 to 1,000 years with its last

decade being particularly warm [47].

While the eleven year solar cycle causes variations in the amount of sunlight

reaching Earth, as does the ash and smoke from volcanic eruptions, there appear

to be no natural phenomena that can completely account for the rise in Earth's

temperature during the twentieth century. As ice sheets and glaciers melt and

water expands with rising temperature as the oceans warm, flooding of low lying

land is inevitable together with climate changes due to the increased warmth of

the atmosphere and the greater amount of water vapour that it retains [48,49].

These potential changes have greatly focused public and governmental attention

on humanity's effects on Earth particularly among the sixty percent of humanity

that lives in low lying coastal areas.

While the present level of public funding of environmental research and

protection is unprecedented, concern about environmental issues is not a recent

thing. Human induced environmental degradation began thousands of years ago

as evidenced by some of the stark landscape of modern Greece where grazing,

tree felling and arable farming destabilized soil on hillsides led to extensive

erosion [50]. Aristotle commented on the conversion of the Argive marshes to

agricultural use and fertile land around Mycenae becoming dry and barren [51]:

"In the time of the Trojan wars the Argive was marshy and could only

support a small population, whereas the land of Mycenae was in good

condition (and for this reason Mycenae was the superior). But now the

opposite is the case ... the land of Mycenae has become ... dry and

barren, while Argive land that was formerly barren has now become

fruitful. Now the same process that has taken place in this small

district must be supposed to be going on over whole countries and on a

large scale."

The origins of the particularly strong concern about humanity's impact on

Earth in the western developed nations at the end of the twentieth century can be

traced back to the seventeenth and eighteenth centuries when European nations
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became alarmed at the environmental effects of their exploitation of newly

colonized lands. As a consequence they sought to conserve large tracts of their

new possessions by establishing forest and other reserves in places as far apart as

Africa, Australia, India, Mauritius, North America, Southeast Asia and the West

Indies [52].

Sometimes an individual can powerfully focus attention on an environmental

issue. This was the case in 1962 when Rachel Carson's book, Silent Spring, drew

attention to the disappearance of songbirds in many regions of the United States

because of the use of DDT (dichlorodiphenyltrichloroethane) and other

organochlorine insecticides [53]. These insecticides were intended to protect

crops from insect pests but had the effect of destroying most insects, be they

pest, spectator or benefactor, and thereby diminishing the food supplies for

songbirds. Subsequently, it was found that the accumulation of pesticides in

raptors at the top of the food chain, such as eagles, hawks and kestrels, caused

the shells of their eggs to become thin and break in the nest with a consequent

decline in successful breeding. While the benefits of the use of organochlorine

insecticides were substantial in terms of crop protection and controlling

mosquitoes, flies and lice that spread malaria, typhus and other diseases, their

persistence in the environment inevitably caused them to enter the wildlife and

human food chain. As a consequence their use in the developed world is now

greatly restricted and their use by developing nations is much decreased.

Nevertheless, great environmental changes have occurred because of

population increase and the concomitant demands on resources and the

accompanying land clearing, forestry, grazing, urbanization, mining, trawling,

dredging and related activities. The recycling of carbon, nitrogen, phosphorus

and sulfur between air, water and soil, and plants and animals has been changed

through fossil fuel burning and the use of agricultural fertilizers. And these

activities have caused the loss of animals and plants through habitat changes,

agriculture and fishing practices and the release of chemicals into the

environment [19,53-55].
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1.7.  An Ecological Accounting

Almost three quarters of Earth's habitable land are either partially or totally

dominated by humanity leaving a quarter available as wilderness according to a

1994 report as shown in Fig. 1.6 [56]. Of the total area of the continents some

162.1 million square kilometres, a little over half, is undisturbed by humans. But

this includes uninhabitable rocky, desert and ice covered land that supports little

life. Europe is the most human dominated habitable continent while Australasia

and South America are the least dominated. Within this global picture enormous

variability occurs among countries. This is exemplified by the contrast between

the United Kingdom, where almost all land is habitable and less than one percent

is undisturbed by humans, and Australia where only twenty percent of land is

habitable and is human dominated, the remainder being either desert or arid

scrub. However, even in the sparsely populated areas humanity has left its mark

as is discussed below.

Continent Total land area in millions of square
kilometres

Percentage area totally or
partially human dominated

Europe  5.8  84.5
Asia 53.3 56.5
Africa  34.0  51.2
North America  26.2 43.7
South America 20.1  37.6
Australasia  9.5  37.8
Antarctica  13.2  0

Earth 162.1  48.1
Earth (minus, rock,  134.9  73.0
ice and barren land)

Fig. 1.6.  The total area of the continents and the percentage areas under total or partially human
domination in 1994. Data from [56].

The study of Earth and its animals and plants has been a human interest for

thousands of years. However, as population has grown the regions of Earth

unaffected by human activities have become vanishingly small and the

opportunities to study a pristine part of nature have all but disappeared. This has

induced a gradual change in attitude towards the concept of managing the planet,

notably among ecologists. Richard Gallagher and Betsy Carpenter succinctly

expressed this changing attitude in their introduction to a special report entitled
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"Human-Dominated Ecosystems" in the 25 July 1997 issue of the journal

Science [57] where they wrote:

"Ecologists traditionally have sought to study pristine ecosystems to

try to get at the workings of nature without the confounding

influence of human activity. But that approach is collapsing in the

wake of scientists' realization that there are no places left on Earth

that don't fall under humanity's shadow. Furthermore, many

scientists now believe that eventually all ecosystems will have to be

managed to one extent or another, and, to do this well, managers will

need sound advice."

Almost eight years earlier another journal, Scientific American, devoted an

entire issue to the subject of "Managing Planet Earth" that examined the

prospects for sustainable development of Earth's finite resources and fragile

environment [58]. Thus, although Fig. 1.6 shows that 51.9 percent of Earth's land

area is not directly disturbed by humanity, it is not insulated from the increasing

levels of carbon dioxide, methane, oxides of nitrogen and sulfur, and a variety of

other gases generated by human activities that are steadily changing the

atmosphere. Nor is there protection from water and wind borne contaminants.

Nevertheless, the relatively undisturbed areas of Earth provide refuge for much

wildlife including seasonal migratory insects and birds that find themselves

increasingly at risk as they either migrate to or traverse the human dominated

land around them [59].

A more specific catalogue of the changes effected by humanity, largely since

the beginning of the twentieth century, appears in Fig. 1.7. Humanity's impact on

the atmosphere through increases in carbon dioxide and methane levels and

decreases in stratospheric ozone levels changes has a global reach [60-62]. As

population has grown the total area of land in agricultural use increased 466

percent from 1700 to 1980 and was accompanied by a clearing of forty percent

of tropical forests [63]. While the rate of this increase slowed from 1960

onwards, food production increased dramatically through the introduction of

high yielding crops and an intensification of use of pesticides and fertilizers in

the "Green Revolution" [64]. The extent of industrial nitrogen fixation to
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produce nitrogenous fertilizers now exceeds the amount of nitrogen fixed

biologically and by lightening.

Type of change Percent change

Atmospheric methane increase  145%
Nitrogen fixation on land  100%
Rivers dammed, canalised or otherwise controlled 66%
Human accessible fresh surface water use  54%
Area of land changed by humans  48%
Area of tropical forests cleared  40%
Atmospheric carbon dioxide increase  30%
Global depletion of the ozone layer  10%

Fig. 1.7.  Human induced global changes in the environment. Based on [17,59-66].

Without the greatly increased use of nitrogenous fertilizers and the

corresponding increase in the productivity of cropland, some 1.5 billion people

would have insufficient food to live [65]. However, the drainage of excess

fertilizers into rivers, lakes and oceans, frequently leads to excessive algal and

plant growth that unbalances aquatic systems with deleterious consequences.

Humanity now uses at least fifty-four percent of accessible fresh water [66] and

in an effort to conserve this vital resource, to generate electricity and to prevent

flooding, the flow of many of Earth's major rivers is controlled through dams,

levees and similar constructions. As a consequence, some major rivers such as

the Colorado, Ganges and Nile now deliver very little water to the ocean. While

this selection of global changes is not comprehensive it does show that the

domination of the environment by humanity is massive.

1.8.  Biodiversity: How Many and How Much?

The great variety, or biodiversity, of life on Earth, exists at three levels. The first

level is the ecosystem, or biome, such as coral reefs, rainforests, savannahs and

deserts where the most biologically prolific and abundant are generally the most

vulnerable to human impact. The second level contains all of the species such as

bacteria, algae, insects, birds, fish, humans, shrubs and trees that make up the

biome, and the third level consists of the diversity of genes in the genome of

each species. Biodiversity has probably reached one of its highest levels ever, but

unfortunately understanding and knowledge of biodiversity is inadequate at the

very time when concern about humanity's impact on biodiversity is increasing.
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While estimates of the number of living species are as high as 100 million of

which 1.5 million or so have been identified, it might be thought that all of the

large living species would be known by now, but even this is probably not so. A

new species of large mammal was discovered on average every three years in the

last half of the twentieth century and a new large marine animal every five years

[67]. Occasionally, new trees were discovered as exemplified by the Wollemi

pine, Wollemia nobilis, in Australia in 1994 [68]. Across the whole spectrum of

life about 300 new species were found each day. Some of these newly found

species exist under extreme conditions as exemplified by invertebrate species

living in the superheated water of deep ocean hydrothermal vents [69] and the

SLiMEs (subsurface lithoautotropic microbial ecosystems), communities of

bacteria and fungi that live up to three kilometres beneath the surface in the pores

of igneous rock [70].

Species Number of known species

Coniferous plants  750
Mammals  4,175
Bacteria  4,760
Sponges  5,000
Starfish 6,100
Reptiles 6,3000
Corals and jellyfish  9,000
Birds  9,198
Mosses and liverworts  17,000
Fish  19,056
Earthworms and flatworms  24,000
Algae  26,900
Protozoa  30,800
Crustaceans  38,00
Fungi 46,984
Molluscs  50,000
Non insect arthropods 132,461
Flowering Plants  250,00
Insects //  751,000

Fig. 1.8.  The broadly classified species and the number identified by 1990 to give a total of
1,436,662 [72].

Generally, humanity is more aware of the larger animals and plants because of

their visibility and usually expresses more concern about their conservation than

for that of beetles, fungi and microorganisms. However, it is insects that make up

one half of all known living species while the 4,000 or so mammals represent

only a quarter of a percent as Fig. 1.8 shows [71,72]. Although the variety of

animals greatly outweighs that of plants, it is plants that make up the vastly
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larger part of the mass of living tissue. It is also plants that through

photosynthesis and recycling carbon dioxide, oxygen, nitrogen, phosphorus,

sulfur and water, in collaboration with soil bacteria and fungi, integrate life into

the colossal recyclings, or biogeochemical cycles, that support animal and plant

life.

The size of this process is seen from the huge reservoir of carbon contained in

plants and animals shown in Fig. 1.9 [73]. The rainforests are by far the most

biologically productive biomes, which explains the growing concern

accompanying their depletion. Roughly one tenth of the carbon in the biomes is

recycled annually through photosynthesis and plant growth totals about sixty

billion tonnes as seen in Fig. 1.10 [74]. This plant growth represents the

Type of land or biome Area in millions of square
kilometres

Carbon contained in
billions of tonnes

Tropical/subtropical rainforest 12.7 169
Temperate forest 12.0  128
Boreal forest  11.6 84
Dry woodlands and savannah 21.9  96
Wetlands  2.8  7.8
Agricultural and marginal land  15.9  21.3
Grass and shrubland 24.8  32.1
Tundra and fringes  13.0 12.6
Desert  18.2 5.9

Fig. 1.9.  The amounts of carbon stored in the animals and plants of the different types of biomes
total 556.7 billion tonnes. The amount of carbon stored in kilograms per square metre ranges from
13.5 through 10.5, 7.2, 4.4, 2.7, 1.4, 1.4, 0.97 to 0.32 as the figure is descended from the prolific
life of the rainforests to the sparseness of the deserts. Data from [73].

Type of land or biome Annual amount of carbon incorporated into the
biome in billions of tonnes of carbon

Forest 23.25
Savannah  18.61
Temperate grassland  4.39
Tundra and alpine 0.96
Desert and semi desert  1.35
Extreme desert  0.06
Wetlands  0.68
Agricultural 6.77
Other  3.80

Fig. 1.10.  The annual amount of carbon incorporated into living tissue in a variety of land types
through photosynthesis and plant growth totals 59.86 billion tonnes according to [74].

difference between the amount of carbon assimilated through photosynthesis and

the amount released through respiration and is approximately matched by the
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amount of carbon released through decay as discussed in section 8.4. A single

rainforest tree pumps some 10,000 tonnes, or cubic metres, of water into the

atmosphere over a hundred year lifespan [18]. While the huge magnitudes of the

quantities listed in Figs. 1.9 and 1.10 are very impressive, so is humanity’s

capacity to greatly alter a biome and thereby its vital recycling role.

1.9.  The Sixth Extinction: The Loss of Biomes

Earth is presently undergoing a major loss of biodiversity that is often referred to

as a sixth extinction by analogy to the five great species extinctions preceding it

[19,75]. This loss began thousands of years ago as humans became sufficiently

organized to dominate and change their environment. With the growth of this

organization the loss of biodiversity accelerated to reach an extraordinary level at

the beginning of the twenty-first century. Humanity is now so dominant that the

destruction of small biomes such as wetlands through drainage and mangrove

swamps by dredging is commonplace. However, some of the biomes now

threatened are so large that their destruction may cause substantial local, and

possibly global, climate change as exemplified by the huge Indonesian rainforest

fires of 1997.

In August to December 1997, a great smoke cloud spread over much of

Southeast Asia presaging the greatest ever air pollution disaster caused by

humanity as shown in Fig. 1.11. This arose through a conjunction of the need to

accommodate and feed an Indonesian population growing by three million

people a year, a desire to increase gross domestic product, a prolonged drought

resulting from the El Niño climatic phenomenon and the burning of tens of

thousands of square kilometres of rainforest [76]. The resulting smoke cloud

reduced visibility to 100 metres and less, enveloped most of Indonesia, all of

Malaysia, Singapore and Brunei and the southern tip of Thailand from mid

August to December 1997, and caused at least 100,000 people to become ill. The

loss of wildlife was colossal.

This disaster was preceded by largely avoidable and extensive forest fires in

1983, 1991 and 1994 in Indonesia when El Niño induced droughts occurred. The

imminence of an El Niño event, and the consequent onset of drought in
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Indonesia, was forecast from observations of variations in ocean temperatures

across the Pacific early in 1997. Yet, despite the obvious danger, fires were

Fig. 1.11.  The burning rainforests of Irian Jaya, Java, Kalimantan, Sulawesi and Sumatra
generated a huge smoke cloud that thickly cloaked most of Indonesia, all of Malaysia and Brunei
and the southern tip of Thailand from mid August to December 1997.

deliberately lit by forestry and plantation companies to clear vast tracts of land

through burning to make way for rice paddies and oil palm plantations after they

had cleared the valuable timber from the forests. Slash and burn peasant farmers

added greatly to the fires that rapidly spread out of control in the drought

conditions of 1997. The combination of the cavalier attitudes of the 175

Indonesian and Malaysian forestry companies mainly responsible for the fires

with the worst drought in Indonesia for fifty years brought on the predictable

disaster [77]. In October 1997, and only after great pressure from governments of

nearby nations and wider international pressure, the Indonesian government

belatedly withdrew the licenses of twenty-nine forestry and plantation companies

who had flouted the weakly enforced environmental laws. It is estimated that in

six months the burning forests and peat bogs released one billion tonnes of

carbon, or 3.7 billion tonnes of carbon dioxide, into the atmosphere. This

compared with the 3.3 billion tonnes of carbon dioxide released by Western

Europe annually through fossil fuel burning.

While the Indonesian fires were burning, the American NOAA-12 satellite

detected more than 24,000 fires burning in the Amazonian rainforests of Brazil in

August and September, some of which spread into Columbia. It is estimated that
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the 1997 rate of global deforestation was at least 20,000 square kilometres a year,

the highest rate since 1988 that was preceded by accelerating and massive

deforestation in Amazonia from 1970 onwards. And the burning and

deforestation are continuing [78-80]. By 1983, of the 24,500,000 square

kilometres of tropical rainforests and seasonal forests that once existed only

some 10,000,000 square kilometres remained [81]. About 8,000,000 square

kilometres had been converted to agricultural use, 3,000,000 square kilometres to

slash and burn agriculture and 3,500,000 square kilometres to pasture. Apart

from the loss of the huge forest transpiration that pumps colossal amounts of

water into the atmosphere and thereby greatly influences climate and rainfall, it

appears that the smoke generated by forest fires causes clouds to form smaller

water droplets that are too small to fall as rain and so reduce rainfall in smoke

affected areas [82]. This may have contributed to the decrease in tropical rainfall

over the last one hundred years.

1.10.  The Sixth Extinction: The Loss of Species

The common saying "Dead as a dodo" is a reflection of humanity's acceptance of

responsibility for the extinction of other inhabitants of Earth such as the dodo, a

flightless bird last seen in Mauritius in the 1670s [52]. Other well-known

extinctions are those of the great auk (1844), Steller's sea cow (1768), the sea

mink (1880) and the West Indian monk seal (1952) [83]. These are but a few

examples of recent species losses whose origins may be traced back thousands of

years as humans spread across the continents taking with them fire, exotic

animals and plants that supported their hunting and developing agricultural skills

and forced other life into retreat [84]. In the Americas fifty-seven large animal

species, including mammoths, mastodons, elephants, giant sloths, lions, sabre

toothed tigers and glyptodonts, disappeared between ten and twelve thousand

years ago and similar losses occurred in Africa, Asia and Europe. In New

Zealand half of all the giant bird and insect species were extinct a few hundred

years after the Maoris' arrival. In Australia fifty giant marsupials, including giant

kangaroos, and animals resembling tapirs, ground sloths, lions, dogs and

rhinoceros, were seemingly destroyed by the aborigines during their 50,000 years

occupation of the island continent. Globally, about twenty percent of all bird
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species have disappeared in an extinction that started thousands of years ago as

humans hunted the large and easily caught flightless birds. Since 1800, of about

9,600 bird species, seventy-five have become extinct and 1,100 face extinction

[85]. Of about 4,300 mammals, sixty have become extinct and 650 face

extinction, and of about 4,700 reptiles, twenty have become extinct and 210 face

extinction.

These extinctions are symptomatic of the constant drive to increase food

supply depleting animal populations either through hunting or habitat

destruction. Slowly, humanity is becoming aware of the self-destructive aspects

of this process as shown by the rising concern about the relatively recent

depletion of fisheries that at one time were thought to be inexhaustible [54].

Although providing about fifteen percent of animal protein for human

consumption, few fisheries are now operating at a sustainable level. Directly

connected to some of this decline is the global destruction of fifty percent of

mangrove swamps that act as fish nurseries and provide coast protection. The

loss of the latter capacity is held responsible for increased flooding and loss of

life during coastal cyclones [86]. Land clearance and logging have put ten

percent of trees, some 8,750 species, at risk of extinction that compares with

eleven percent of bird species at risk of extinction, a coincidence that suggests a

strong link between loss of habitat and loss of wildlife [87]. There are some

bright spots where conservation has saved species from extinction, usually

involving large animals. This is exemplified by the biggest of all species, the

whale that had become severely depleted by commercial hunting [88]. Starting in

the 1970s, most nations banned whale hunting to conserve the species and,

although some types of whale may have become extinct, the populations of

several members of the whale family have increased to the point where their

future appears assured. Some land animals have also been brought back from the

verge of extinction, as in the case of the California condor [89], but generally

such successes are having only a small effect on the general tide of extinction.

The total recorded loss of species since 1600 is 724, with sixty being lost

between 1900 and 1950. This compares with an estimated natural loss rate of one

animal and one plant species every 100 to 1000 years. Both the recorded and

estimated natural rates of loss of species are small when compared with current

extinction rates estimated to be several thousands annually [19]. The reason for
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this is that the method of estimating this very high species loss rate is not based

on definite identification of species lost, most of them small and unnoticed by the

casual onlooker, but instead is calculated on the lost of habitat as wilderness is

cleared. The tropical rainforests are thought to contain at least sixty percent of

Earth's animal and plant species [77,90]. As a consequence concern about the

loss of biodiversity heightened with the great acceleration in the clearing of these

forests to the point where they covered less than half of their original area by the

end of the twentieth century. It is estimated that if the rainforests are reduced to

less than ten percent of their original area, as may occur, some 65,000 species,

animal and plant, large and small, will be lost [91]. Comparisons of such

estimates with the disappearance of species in the fossil record suggest that

extinction rates at the end of the twentieth century could be at least 10,000 times

greater than the natural loss rate [92]. The fossil record suggests that after past

great extinctions it has taken up to ten million years for biodiversity to fully

recover, and the same may well be the case for the current human induced

extinction quite apart from its impact on future evolutionary patterns [93-95].

Apart from the uncertainty about the number of species that exist, there is also

considerable uncertainty about how many of a particular species exists. In some

cases these numbers are very small as exemplified by the single known examples

of the trees Diospyros angulata (Mauritius), Carpinus putoensis (China) and

Holmskioldia gigas (Tanzania) and the three or four examples of Hibiscus clayi

(Hawaii), Scalesia atracyloides (Galapagos Islands) and Ilex khasiana (India)

[87]. Many large mammals are at risk of extinction because their populations

have been greatly reduced and are subject to increasing human competition for

living space. This is typified by the three hundred mountain gorillas living in the

330 square kilometre Bwindi Impenetrable Forest rainforest reserve in Uganda

that represent half of the remaining population of mountain gorillas [96].

Elsewhere in Africa, the great ape populations are being decimated by hunting

and Ebola infection [97]. Another example comes from the ocean where

leatherback turtles face extinction as a consequence of being inadvertently

caught during commercial fishing [98]. Thus, while 1,367 leatherback females

nested at one of their nesting beaches, Playa Grande in Costa Rica, in 1988-89,

this number fell steadily until only 117 nested in 1998-1999, and a further fall to

fifty was predicted for 2003-2004. In complete contrast, twelve million
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roundworms, 46,000 small earthworms and their relatives, and a similar number

of insects and mites have been found to live under a square metre of Danish

pasture [18]. A gram of fertile agricultural soil is capable of supporting over 2.5

million bacteria, 400,000 fungi, 50,000 algae and 30,000 protozoa.

Twenty-five areas, covering twelve percent of Earth's landmasses and spread

over every continent except Antarctica, are impressively rich in plant and animal

species and have been termed biodiversity hotspots [99]. In 1995, more than 1.1

billion people lived in these areas with an average population density of seventy-

three people per square kilometre that compared with an average global

population density of forty-two people per square kilometre when ice and rock

covered land was excluded. As population grows, so pressure increases on the

animals and plants of these biodiversity hotspots, as is the case in the other

inhabited areas. It was for this reason that in 1992, at the United Nations

Conference on Environment and Development in Rio de Janeiro, over a hundred

nations signed the Convention on Biological Diversity to set aside areas to

conserve biodiversity [100].

It may be argued that as intensive agriculture, aquaculture and forestry

concentrate on those animals and plants that provide for humanity's needs, the

loss of other species is inevitable and need not affect humanity's future.

However, such an argument is untenable as it neglects the underpinning of the

food supply. This is the breeding of extremely productive crops and domestic

animals from wild species in parallel with technology that frees the bulk of the

population of the developed nations from food production to pursue the myriad

other activities that characterize sophisticated societies. At present sixty percent

of humanity's food is directly derived from just three crops, maize, rice and

wheat that are produced in a massive monocultural agricultural system and were

first bred from wild species some 10,000 years ago. The 1997 global wheat crop

covered an area of 250 million hectares with at least 500 trillion individual plants

[93]. However, during a long breeding program to produce the high yielding

modern strains that coincided with the destruction of much of the natural

environment with increase in population, many of the wild progenitors of

agricultural wheat and other wheat strains have been lost [101].

The narrowness of the genetic origins of major food crops is shown by almost

all of the hard red winter wheat varieties grown in the United States originating
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from only two varieties from Poland and Russia [101]. Almost all soybeans

grown in the United States originated from a dozen strains found in a small area

of northeast China [102]. Such genetic narrowness places humanity in a

vulnerable situation as monocultures are particularly susceptible to the spread of

disease because of the closeness of identical plants over extensive areas. This is

not a speculative assertion as was shown by the great potato famine in Ireland in

the late nineteenth century that arose because of the spread of potato blight from

field to field to produce widespread starvation and destitution [103]. It was a

number of such disasters that led to the setting up of seed banks to preserve

genetic diversity in agriculturally important crops and their progenitors [102].

Unfortunately, seed banks, reserves and similar stratagems cannot protect the

vast majority of plant species from which great benefit for humanity flows and

from which yet to be discovered benefit may flow. Thus, digitalis, morphine and

quinine are directly derived from large plants and the first antibiotic, penicillin,

was extracted from a mould [18]. Cyclosporin, now widely used to suppress the

immune system and prevent organ transplant rejection, is derived from a similar

source, as is gliotoxin that promises applications similar to those of cyclosporin.

Humanity has to become reconciled with a dependence on biodiversity for the

Earth's habitability and incorporate its protection into everyday agricultural and

other activities.

Almost perversely, as this largely unwitting experiment with Earth's

biodiversity has been occurring, a deep understanding of biodiversity at the

molecular level developed during the twentieth century that appears set to have a

substantial effect on humanity, and thereby Earth, in diverse ways in the twenty-

first century. This understanding is based on the double helical molecule

deoxyribonucleic acid, DNA, that contains the genome of each living organism

and its genetic code. As other species and their genomes are disappearing,

humanity celebrated the publication of the near complete sequence of the human

genome in 2004 that promises to lead to the prevention and cure of previously

intractable diseases and increases in the human lifespan [104]. Similarly a

growing understanding of the genomics of plants and animals has already

resulted in genetically engineered new plants and animals, the production of

which, while the subject of much debate, may result in considerable benefit to

humanity [105]. This "new biology" is explored in more detail in Chapter 5.
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1.11.  The Human Condition

Great as is humanity's dominance of Earth, and impressive as were the advances

in scientific endeavour and the benefits arising from them during the twentieth

century, the beginning of the twenty-first century finds the major part of

humanity still preoccupied with gaining sustenance and shelter and the avoidance

of disease and death. This is despite life expectancy in the developed nations

becoming unprecedently long. Globally a million or so people die each week

while about 2.5 million are born, many of whom soon join the ranks of the dying

through war, famine and disease, especially in sub-Saharan Africa.

Humans have a unique ability to threaten their own survival through

systematic war. The twentieth century saw the most technologically advanced

nations engage in the First and Second World Wars of 1914-1918 and 1939-1945

that were hugely destructive of life and economically devastating. During the

Cold War of the latter part of the twentieth century, the possibility of global

nuclear war posed the greatest ever threat to humanity's tenancy of Earth.  At its

height every human was threatened with a nuclear equivalent of three tonnes of

the high explosive trinitrotoluene, TNT [106]. It is probable that the fear of the

awesome destructive power of nuclear weaponry acted as the dominant deterrent

to a major conflict between the massively armed Cold War opponents.

Fortunately, the threat of global nuclear war has receded and nuclear armouries

are now much reduced. Nevertheless, conventional wars, large and small,

continue to be waged as a testimony to human aggressiveness.

Devastating as war is, famine and disease claimed far more lives during the

twentieth century and are likely to do so in the twenty-first century. The major

diseases leading to death globally are diseases that infrequently lead to death in

the developed world. The exception is the new disease, autoimmune deficiency

syndrome, AIDS, that is associated with the human immune deficiency virus,

HIV, that lowers the body's ability to resist disease. The 1996 World Health

Report of the World Health Organization listed the ten diseases with the biggest

death toll in 1995 as shown in Fig. 1.12 [107]. The vast majority of the seventeen

million deaths from these diseases occurred among the children of developing

nations and compared with a total global death toll of fifty-two million.
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Disease Number of deaths in millions in 1995

Acute respiratory infections 4.4
Diarrhoeal diseases  3.1
Tuberculosis  3.1
Malaria  2.1
Hepatitis B  1.1
Measles  >1
HIV/AIDS  >1
Neonatal tetanus 0.500
Whooping cough  0.355
Roundworm/hookworm 0.165

Fig. 1.12.  The ten biggest killer infectious diseases in 1995 according to the World Health
Organization [107].

By 1998, HIV/AIDS had become the major cause of death in sub-Saharan

Africa with an annual death toll of 2.2 million that compared with 200,000 lives

lost in all of the African conflicts in that year, and 23.3 million people were

infected that compared with a global total of 33.4 million [108]. So devastating is

the impact of HIV/AIDS on economic, social and political stability in sub-

Saharan Africa that in January 2000, the United Nations Security Council

declared the pandemic a threat to world stability. However, by the end of 2004

the global total of HIV/AIDS sufferers had risen to 39.4 million of which 25.4

million were in sub-Saharan Africa [109]. Some 3.1 million people died of

HIV/AIDS in 2004 and there were 4.9 million new infections of which 3.1

million were in sub-Saharan Africa, 890,000 in South and Southeast Asia,

290,000 in East Asia, 240,000 in South and Central America, and 210,000 in

Eastern Europe and Central Asia. Given the large populations of these regions,

they could soon rival sub-Saharan Africa in the total number of infections, the

global peak of which appears to be years away.

1.12.  Natural Disasters

Earth is a restless planet and every so often natural occurrences such as extreme

weather events or movement of tectonic plates either directly or indirectly result

in disaster. So great can be the loss of life and economic activity from such

disasters that the last decade of the twentieth century was declared the Decade

for Natural Disaster Reduction by the United Nations [110]. The hazards

specifically considered were earthquakes, windstorms, tsunamis, floods,

landslides, volcanic eruptions, wildfires, grasshopper and locust infestations, and
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drought and desertification. To gain an idea of the magnitude that such disasters

can assume several examples are now briefly discussed.

On 15 June 1991, the six centuries dormant Philippines volcano, Pinatubo,

erupted spectacularly [111]. This, the largest volcanic eruption of the twentieth

century, is variously estimated to have ejected four to eight cubic kilometres of

dust and ash and twenty million tonnes of sulfur dioxide into the atmosphere,

much of it entering the stratosphere. The immediate effect was to smother a huge

tract of the surrounding countryside in metres thick layers of dust and ash that

collapsed buildings, choked water courses and displaced hundreds of thousands

of people from farms and villages. As the eruption rumbled on, much of the dust

and sulfur dioxide was washed out of the atmosphere by rain. However, in the

stratosphere, far above the rainstorms, the fine dust, together with a sulfuric acid

aerosol arising from reaction of sulfur dioxide with atmospheric moisture,

formed a girdle around Earth above the equator that reflected sunlight back into

space to cause a slight global cooling. While the effect of the dust decreased

rapidly as it fell back to the surface, the cooling effect of the sulfuric acid aerosol

lessened more gradually over three or so years as it slowly re-entered the lower

atmosphere. On the ground in the immediate vicinity of Pinatubo, that was still

rumbling in 1995, great viscous streams of magma, or lahars, continued to flow

from the caldera. Although the loss of life was small, the loss of livelihood was

enormous. Unlike the situation with Pinatubo, often many people die in volcanic

eruptions and it is thought that 274,443 people died in a variety of ways as a

consequence of 304 volcanic eruptions during the sixteenth to twentieth centuries

[112]

Early in the morning of 17 January 1995, an earthquake measuring 6.9-7.2 on

the Richter scale struck the Japanese harbour city of Kobe killing over 6,000

people and rendering 310,000 homeless as it destroyed freeways and water, gas

and electricity supplies [113]. This earthquake was Japan's second most

devastating after the 1923 Tokyo earthquake that killed 142,000 people. Japan

continuously experiences earth tremors because it lies close to the junction of the

Philippine and Eurasian tectonic plates that grind against each other along with

the jostling of all of the other tectonic plates that make up Earth's surface [1].

Every so often this produces a major earthquake to which cities at the edge of

tectonic plates are particularly vulnerable. Thus, on the eastern side of the Pacific
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Ocean, Los Angeles and San Francisco frequently experience tremors as the

Pacific plate grinds against the North American plate along the San Andreas fault

[114]. Similar movements occur elsewhere, as exemplified by that along the

North Anatolian fault line that resulted in a 7.4 Richter scale earthquake and the

loss of more than 15,000 lives in the Turkish city of Izmit on the morning of 17

August 1999 [115]. This was followed by the 8 Richter scale Bhuj-Anjar-

Bhachau earthquake in western India that took 30,000 lives on the morning of 26

January 2001, and another earthquake at Bam in Iran took 50,000 lives on the

morning of 26 December 2003 [116,117].

Earthquakes are hazards whose danger can be lessened by building to

withstand their force, recognizing of early warning signs and having well

prepared emergency services. Even so, the huge waves, or tsunamis, caused by

earthquakes beneath the ocean can strike with little warning, as was the case in

Papua New Guinea in the evening 17 July 1998 [118]. There, a 7.1 Richter scale

earthquake thirty kilometres offshore produced a series of waves in rapid

succession, some up to fifteen metres high. These completely overwhelmed the

low lying coastal villages of Sissano, Arop, Warapu and others taking more than

2,200 lives and obliterating not only houses, but also stripping most vegetation

from the coastline. Tsunamis are much more powerful than the surface waves

generated by storms because they reach to the ocean floor and carry huge

volumes of water with them on fronts of hundreds of kilometres at up to 800

kilometres an hour over thousands of kilometres. Although tsunamis may be

scarcely noticed in the deep ocean, their effect as they pile up on a shoreline is

devastating.

Most tsunamis occur in the Pacific Ocean, ten of which took more than 4,000

lives from 1990 to 2000. Tragically, this familiarity with tsunamis proved no

preparation for the huge tsunami that killed some 300,000 people living in Indian

Ocean coastal areas on 26 December 2004 [119]. Jostling between the Indian and

Burma tectonic plates caused a 9.3 Richter scale earthquake that caused some

parts of the seafloor to drop by 2.5 metres and other parts to rise five metres over

an area of 25,000 square kilometres 200 kilometres west of Sumatra. This

generated a fast moving half metre high wave 100 kilometres wide that piled up

on the coast of the Indonesian province of Aceh to produce fifteen metre high

waves that took at least 230,000 lives with further heavy loss of life in India, Sri
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Lanka, Thailand, Myanmar (Burma) and the Maldives. So massive was the

tsunami that it killed many on the eastern side of the Indian Ocean in Somalia

and other East African nations. In addition to the huge loss of life and property

damage of many US$ billion, complete ecosystems were stripped away in low

lying areas such that restoration and re-establishment of livelihoods will take

decades to achieve. If an early warning ocean floor tsunami sensor system had

been in place in the Indian Ocean, similar to that in the Pacific Ocean, it is

probable that the loss of life would have been much less. Tragically, the tsunami

was followed on 28 March 2005 by a magnitude 8.7 Richter scale earthquake on

the seabed close to the December earthquake and a further 2,000 lives were lost

on the island of Nias [120].

On 29 October 1998, a weakening hurricane, Mitch, swept in from the

Caribbean to bring high winds and torrential rain to most of Honduras and large

parts of Nicaragua, El Salvador and Guatemala [121]. Entire villages were

obliterated by surging streams, rivers of mud and landslides to leave up to 24,000

people dead or missing and causing damage in excess of US$5 billion. Over 600

millimetres of rain fell in the Honduran mountains in a single day. This,

combined with the extensive land clearance for cattle grazing that accelerated

water runoff and destabilized the soil, made major flooding, huge soil erosion

and landslides inevitable. In the wake of Mitch, the sodden countryside was ideal

for the proliferation of water borne diseases such as cholera of which there were

more than 30,000 cases. Diseases transmitted by mosquitoes, that thrive under

such waterlogged conditions, resulted in more than 30,000 cases of malaria and

more than a thousand cases of dengue fever. This is a typical pattern of extreme

weather and land clearing combining to produce disasters large and small.

Extensive clearance of rainforest by farmers and loggers in Brazil, Indonesia and

Thailand, areas also subject to torrential rain, can be expected to cause losses of

life and homes similar to those experienced in Central America.

A very large extreme weather death toll arose when a cyclone struck

Bangladesh on the night of 29 April 1991 [122]. Winds in excess of 225

kilometres per hour whipped up seven metre waves in the Bay of Bengal and

spread devastation and flooding in coastal regions to kill more than 130,000 and

injure over 450,000. More than 850,000 houses were destroyed, 440,000 cattle

drowned and 63,000 hectares of crops were lost.
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1.13.  Unnatural Disasters

Humanity is quite capable of generating its own disasters that show signs of

becoming bigger and more deadly as the scale of technology grows. The worst

industrial accident to date occurred in India just after midnight on 3 December

1984 when forty tonnes of highly toxic methyl isocyanate escaped from the

Union Carbide pesticide plant in Bhopal [123]. The vaporized chemical

enveloped a wide area killing over 2,800 people and injuring some 200,000

others, many seriously and many permanently. This provides an example of

multiple aspects of human aspirations leading to unforeseen and tragic

consequences. Here the manufacture of pesticides to protect crops to feed a

burgeoning population of a developing nation seeking to industrialize, perhaps

without adequate safeguards to control a major chemical plant operated by a

large multinational company seeking to increase its global market share, resulted

in a chain of events leading to disaster.

However, developed nations are not immune to such disasters that may

present themselves in a variety of forms. Although seldom costly in human life,

an all too frequent accident is the spillage of huge quantities of oil from stricken

tankers into the ocean and usually onto coastlines with consequent great loss of

wildlife and the destruction of fisheries. One of the biggest such spills was that

from the super tanker Exxon Valdez that ran aground in Prince William Sound in

Alaska on 24 March 1989 spilling forty-two thousand cubic metres of crude oil

into the ocean and onto the surrounding coastline [124]. While no human lives

were lost through the spill, the large loss of fish, birds, marine mammals and

plankton constituted an extensive and long lasting damaging effect on the

ecology of Prince William Sound and the rich fishing industry that it supported.

In the early morning of 26 April 1986, the worst ever nuclear accident

occurred at Chernobyl in Ukraine [125]. The inappropriate operation of an

obsolete RBKN nuclear reactor resulted in a massive explosion, reactor core

meltdown and the spread of a large cloud of radioactive fission products over

most of Europe and Scandinavia within a few days. Within a few weeks,

radioactive fallout was detected as far afield as Japan and the United States. The

release of radioactivity was 200 times greater than that produced by the nuclear

weapons dropped on Hiroshima and Nagasaki combined [106].
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Although the immediate death toll from the explosion was small, several

thousand people died from radiation sickness and related diseases in the ten years

following the explosion according to some estimates. Many of these deaths

occurred among the large numbers of people drafted into the reactor site and

environs in an attempt to stop the release of huge amounts of radioactive material

that belched from the crippled reactor for ten days and to collect and bury

radioactive debris. More deaths also occurred among the populations of Ukraine,

Belarus and Russia closest to Chernobyl where millions were exposed to fallout.

A thirty kilometre radius zone around Chernobyl became so radioactive that the

135,000 people living in it were evacuated immediately and are unlikely to be

allowed to return in the foreseeable future. Since then many more have been

evacuated from other contaminated areas to bring the total to more than 200,000

evacuees.

Twenty major radioactive fission and decay products were in the vast

radioactive cloud emitted by the reactor. Among them were iodine-131 with a

half-life of eight days, cesium-134 and cesium-137 with half-lives of two and

thirty years, respectively, strontium-90 with a half-life of thirty years, and several

isotopes of plutonium with half-lives varying from thirteen to 24,3600 years.

Apart from the deaths from radiation sickness, the most obvious health effect of

this contamination was that the incidence of thyroid cancer in children in Gomel

in Belarus became much greater than normal. This was caused by radiation

damage from iodine-131 that accumulates in the thyroid gland. An increased rate

of sperm and foetal abnormalities in the Chernobyl region was also attributed to

the accident.

In the immediate aftermath of the accident, contaminated agricultural produce

in Austria, Belarus, Finland, Georgia, Germany, Hungary, Norway, Poland,

Russia, Sweden, Ukraine and the United Kingdom had to be destroyed, and

restrictions on agricultural produce still applied in 2000 even in some of the more

distant countries. Water from the Chernobyl area drains into the Pripyat, a

tributary of the Dnieper that flows into the Black Sea, and spreads the longer

lived radioactive contamination further afield.

These three accidents stemmed largely from humanity seeking to supply its

basic needs of sustenance and energy and to increase living standards. This

activity is unlikely to diminish in the twenty-first century and, given that very
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often such activities are carried out at the minimum safeguard level thought

necessary, it seems inevitable that similar accidents will occur in the future. The

effects of natural and unnatural disasters are placed in perspective in Fig. 1.13

that shows the size of areas affected and the time for the environment to recover

[126,127]. At first sight it seems a little odd that intensive agriculture should be

identified as an unnatural disaster. However, such agriculture can lead to loss of

soil fertility and soil loss through erosion, both of which result in reduced crop

yield and sometimes in crop failure, quite apart from loss of biodiversity. Often

intensive agriculture leads to further problems in the form of soil salinization

through excessive irrigation, and eutrophication of inland and coastal waters as a

result of fertilizer runoff. The magnitude of the nuclear accident shown in Fig.

1.13 is based on Chernobyl. The asteroid and comet impact magnitude shows an

envelope that incorporates the Tunguska impact of 1804 and larger impacts that

humanity would survive, but does not extend to the magnitude of the Yucàtan

impact of sixty-five million years ago that humanity would survive with great

difficulty [10,11].
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Fig. 1.13.  The approximate variation of the area affected and the time for environmental recovery
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1.14.  Challenged Earth

While Earth could be said to be challenged by humanity to continue to provide

the underpinnings of life, the reality is that it is humanity that faces many

challenges to maintain Earth as a beautiful and hospitable planet for the

generations to come. While inexorable geological and climate changes will occur

as Earth continues along its planetary evolution most such changes are likely to

be slow on the human timescale and therefore fairly readily adjusted to as long as

the Holocene epoch persists. The challenge is to ensure that events are not

precipitated that damage Earth's habitability to the point where humanity's

existence becomes marginal, possibly to the point of extinction. Should this

occur, Earth will still appear as a magnificent blue planet, but something

extraordinary will have been either much diminished or lost, humanity, the

highest known form of life, and with it much of its companion animal and plant

life. Fortunately, it is probable that humanity is sufficiently intelligent and

resilient to avoid such a catastrophe. Even so, some of the challenges are massive

as exemplified by those posed by the sheer size of the human population and its

growth as discussed in Chapter 2.

References

1. C. J. Allègre and S. H. Schneider, The evolution of Earth, Sci. Am., 1994, 271, Oct., 44.
2. S. Bowler, Formation of Earth, New Sci., Inside Science 96, 1996, Dec. 14, 1.
3. a) L. E. Orgel, The origin of life on Earth, Sci. Am., 1994, 271, Oct., 53. b) S. J. Gould, The

evolution of life on Earth, ibid., 63. c) M. J. Benton, Diversification and extinction in the
history of life, Science, 1995, 268, 52.

4. J. R. P. Angel and N. J. Woolf, Searching for life on other planets, Sci. Am., 1996, 274,
April, 46.

5. a) V. A. Szalai and G. W. Brudvig, How plants produce dioxygen, Am. Sci., 1998, 86, 542.
b) J. Copley, The story of O, Nature, 2001, 410, 862. c) G. C. Dismukes, Splitting water,
Science, 2001, 292, 447. d) J. F. Kasting, The rise of atmospheric oxygen, Science, 2001,
293, 819. e) J. F. Kasting and J. L. Siefert, Life and the evolution of Earth’s atmosphere,
Science, 2002, 296, 1066.

6. a) C. Sagan, The search for extraterrestrial life, Sci. Am., 1994, 271, Oct., 71. b) J. C. Tarter
and C. F. Chyba, Is there life elsewhere in the universe? Sci. Am., 1999, 281, Dec., 80. c) I.
Crawford, Where are they? Sci. Am. , 2000, 283, July, 29. d) J. L. Bada, State-of-the-art
instruments for detecting extraterrestrial life, Proc. Natl. Acad. Sci. USA, 2001, 98, 797. e)
C. F. Chyba and C. B. Phillips, Possible ecosystems and the search for life on Europa, ibid.,
801. f) N. R. Pace, The universal nature of biochemistry, ibid., 805. g) J. I. Lunine, The



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

Challenged Earth36

occurrence of Jovian planets and the habitability of planetary systems, ibid., 809. h) M.
Rees, Our greatest quest, New Sci., 2003, 12 July, 24.

7. a) N. Henbest, The dark side of the Earth, New Sci., 1989, 8 April, 42. b) C. N. H. Doll, J.-P.
Muller and C. D. Elvidge, Night-time imagery as a tool for global mapping of
socioeconomic parameters and greenhouse gas emissions, Ambio, 2000, 29, 157. c) M.
Murphy, Revealing the dark side of light, Chem. Indust., 2000, 20 Oct., 627.

8. C. Haub, How many people have ever lived on Earth? Popn. Today, 1995, Feb., 4.
9. a) D. H. Erwin, The mother of mass extinctions, Sci. Am., 1996, 263, July, 56. b) G. Vines,

Mass extinctions, New Sci., Inside Science 126, 1999, 11 Dec., 1. c) R. A. Kerr, Whiff of gas
points to mass extinction, Science, 2001, 291, 1469. d) L. Becker et al., Impact event at the
Permian-Triassic boundary: Evidence from extraterrestrial noble gases in fullerenes, ibid.,
1530. e) R. Dagani, Buckyballs mark mass extinction,  Chem. Eng. News, 2001, 79, 26 Feb.,
9. f) S. Simpson, Deeper impact, Sci. Am., 2001, 284, May, 13.

10. a) C. C. Swisher et al., Coeval 40Ar/39Ar Ages of 65 million years ago from Chicxulub crater
melt rock and Cretaceous-Tertiary boundary tektites, Science, 1992, 257, 954. b) T. Gehrels,
Collisions with comets and asteroids, Sci. Am., 1996, 274, March, 34. c) R. A. Kerr, Cores
document ancient catastrophe, Science, 1997, 275, 1265. d) C. R. Marshall, Mass extinction
probed, Science, 1998, 392, 17.

11. G. Keller et al., Chixulub impact predates the K-T boundary mass extinction, Proc. Natl.
Acad. Sci. USA, 2004, 101, 3753.

12. E. O. Wilson, The Diversity of Life, Norton, New York, USA, 1992.
13. a) R. M. May, How many species inhabit the Earth? Sci. Am., 1992, 267, Oct., 18. b) S. L.

Pimm et al., The future of biodiversity, Science, 1995, 269, 347. c) M. Brookes, The species
enigma, New Sci., Inside Science 111, 1998, 13 June, 1. d) V. Morell, The variety of life,
Natl. Geog., 1999, 195, Feb., 7. e) A. Purvis and A. Hector, Getting the measure of
biodiversity, Nature, 2000, 405, 212.

14. Editorial, Is six billion a reason to celebrate? Nature Med., 1999, 5, 1215.
15. a) A. C. Wilson and R. L. Cann, The recent African genesis of humans, Sci. Am., 1992, 266,

April, 22. b) A. G. Thorpe and M. H. Wolpoff, The multiregional evolution of humans, Sci.
Am., 1992, 266, April, 28. c) S. B. Hedge, A start for population genomics, Nature, 2000,
408, 652. d) L. Dayton, The man from down under, New Sci., 2001, 13 Jan., 6. e) C. Holden,
Oldest human DNA reveals Aussie oddity, Science, 2001, 291, 230. f) E. Pennisi, Skull
study targets Africa-only origins, ibid., 231. g) A. Gibbons, Modern men trace ancestry to
African migrants, ibid., 1051. h) Y. Ke et al., African origin of modern humans in East Asia:
a tale of 12,000 Y chromosomes, ibid., 1151. i) M. Balter, Anthropologists duel over
modern human origins, ibid., 1728. j) R. L. Cann, Tangled genetic routes, Nature 2002, 416,
32. k) A. R. Templeton, Out of Africa again and again, ibid., 45. l) M.-C. King and A. G.
Motulsky, Mapping human history, Science, 2002, 298, 2342.

16. a) W. C. Clark, Managing planet Earth, Sci. Am., 1989, 261, Sept., 19. b) J. Lubchenco,
Entering the century of the environment, Science, 1998, 279, 491.

17. a) P. M. Vitousek et al., Human domination of Earth's ecosystems, Science, 1997, 277, 494.
b) C. B. Field, Sharing the garden, Science, 2001, 294, 2490. c) S. Rojstaczer, S. M. Sterling
and N. J. Moore, Human appropriation of photosynthesis products, ibid., 2549.

18. P. R. Ehrlich and A. H. Ehrlich, The value of biodiversity, Ambio, 1992, 21, 219.



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

The Living Planet 37

19. a) E. O. Wilson, Threats to biodiversity, Sci. Am., 1989, 261, Sept., 60. b) R. Leakey and R.
Lewin, Sixth Extinction: Biodiversity and Its Survival, Weidenfield and Nicolson, London,
UK, 1996. c) M. Holdgate, The ecological significance of biological diversity, Ambio, 1996,
25, 409. d) T. F. Flannery, Debating extinction, Science, 1999, 283, 182. e) V. Morell, The
sixth extinction, Natl. Geog., 1999, 195, Feb., 43. f) F. S. Chapin et al., Consequences of
changing biodiversity, Nature, 2000 , 405, 234. g) K. Christen, Biodiversity at the
crossroads, Env. Sci. Technol., 2000, 34, 123 A. h) E. O. Edwards, Vanishing before our
eyes, Time, Special Edn., Earth Day  2000, April-May, 2000. i) B. A. Stein, A fragile
cornucopia. Assessing the status of U.S. biodiversity, Environment, 2001, 43, Sept., 13. j)
M. Jenkins, Prospects for biodiversity, Science, 2003, 302, 1175.

20. a) P. Bellwood, The Austronesian dispersal and the origin of languages, Sci. Am., 1991, 265,
July, 70, b) P. Kirch, On the Road of the Winds: An Archaeological History of the Pacific
Islands Before European Contact, University of California Press, Berkeley, USA, 2000. c)
A. Gibbons, The peopling of the Pacific, Science, 2001, 291, 1735.

21. a) Anon., The artificial Earth satellite, Nature, 1957, 180, 734. b) Staff of The Royal Aircraft
Establishment, Farnborough, Observations on the orbit of the first Russian earth satellite,
ibid., 937. c) F. L. Whipple and J. A. Hynek, Observation of Satellite 1, Sci. Am., 1957, 197,
Dec., 37.

22. a) Anon., The second artificial Earth satellite, Nature, 1957, 180, 931. b) H. S. W. Massey,
Sputnik II, New Sci., 1957, 7 Nov., 14. c) Anon., On to the Moon, Sci. Am., 1957, 197, Dec.,
58.

23. a) Anon., The first manned earth-satellite, 1961µ, Nature, 1961, 190, 307. b) Anon.,

Cosmonaut, Sci. Am., 1961, 204, May, 74. b) J. M. Logsdon and A. Dupas, Was the race to
the moon real? Sci. Am., 1994, 270, June, 216.

24. a) P. Stubbs, Bridgehead in space, New Sci., 1969, 17 July, 114. b) W. Hess, R. Kovach et
al., The exploration of the Moon, Sci. Am., 1969, 221, Oct., 55. c) D. H. Harland, Exploring
the Moon: The Apollo Expeditions, Springer, Berlin, Germany, 1999.

25. a) R. W. Kates, Sustaining life on the earth, Sci. Am., 1994, 271, Oct., 92. b) J. E. Cohen,
Population growth and Earth's human carrying capacity, Science, 1995, 269, 341. c) J.
Bongaarts, Population pressure and the world food supply system in the developing world,
Popn. Dev. Rev., 1996, 22, 483.

26. M. Wackernagel, L. Lewan and C. Borgström Hansson, Evaluating the use of natural capital
with the ecological footprint. Applications in Sweden and subregions, Ambio, 1999, 28, 604.

27. To preserve biodiversity it is recommended that twelve percent of land area be set aside by
the World Commission on Environment and Development, in Our Common Future, Oxford
University Press, Oxford, UK, 1987.

28. a) D. Schimel et al., Contribution of increasing CO2 and climate to carbon storage by
ecosystems in the United States, Science, 1999, 287, 2004. b) M. Battl et al., Global carbon
sinks and their variability inferred from atmospheric O2 and δ13C, Science, 2000, 287, 2467.
c) J. Grace and M. Rayment, Respiration in the balance, Nature, 2000, 404, 819. d) R.
Valentini et al., Respiration as the main determinant of carbon balance in European forests,
ibid., 861.

29. a) B. Moss, A land awash with nutrients - the problem of eutrofication, Chem. Indust., 1996,
3 June, 407. b) D. Malakoff, Death by suffocation in the Gulf of Mexico, Science, 1998,



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

Challenged Earth38

281, 190. c) S. W. Nixon, Enriching the sea to death, Sci. Am.  Quart., The Oceans, 1998, 9,
Fall, 48. d) M. Schmiedeskamp, Getting the nutrients out, ibid., 50.

30. a) M. Wackernagel et al., National natural capital accounting with ecological footprint
concept, Ecol. Econ., 1999, 29, 359. b) M. Wackernagel et al., Tracking the ecological
overshoot of the human economy, Proc. Natl. Acad. Sci. USA, 2002, 99, 9266.

31. M. L. Imhoff et al., Global patterns in human consumption of net primary production,
Nature, 2004, 429, 870.

32. a) N. Myers, Environmental services of biodiversity, Proc. Natl. Acad. Sci. USA, 1996, 93,
2764.

33. a) J. Avise, The real message of Biosphere 2, Cons. Biol., 1994, 8, 327. b) J. E. Cohen and
D. Tilman, Biosphere 2 and biodiversity: The lessons so far, Science, 1996, 274, 1150. c) G.
Walker, Secrets from another Earth, New Sci., 1996, 18 May, 31. d) J. Mervis, Bye, bye,
Biosphere 2, Science, 2003, 302, 2053.

34. a) V. Morell, Ozone destroying chlorine tops out, Science, 1996, 271, 32. b) S. A. Montzka
et al., Decline in the tropospheric abundance of halogen from halocarbons: implications for
stratospheric ozone depletion, Science, 1996, 272, 1318. c) D. J. Wuebbles and J. M. Calm,
An environmental rational for retention of endangering chemicals, Science, 1997, 278, 1090.

35. a) J. Houghton, Global Warming. The Complete Briefing, 2nd edn., Cambridge University
Press, Cambridge, UK, 1997. b) B. Hileman, Global climate change, Chem. Eng. News,
1997, 75, 17 Nov., 8. c) T. R. Karl, N. Nicholls and J. Gregory, The coming climate, Sci.
Am., 1997, 276, May, 54. d) T. R. Karl and K. E. Trenberth, The human impact on climate,
Sci. Am., 1999, 281, Dec., 62. e) B. Hileman, Case grows for climate change, Chem. Eng.
News, 1999, 77, 9 August, 16. f) D. Sarewitz and R. Pielke, Breaking the global-warming
gridlock, The Atlantic Monthly, 2000, July, 54.

36. a) D. Schneider, The rising seas, Sci. Am. Quart., The Oceans, 1998, 9, Fall, 28. b) M.
Mann, Lessons for a new millennium, Science, 2000, 289, 253. c) T. J. Crowley, Causes of
climate change over the past 1000 years, Science, 2000, 289, 270.

37. a) R. Repetto, Accounting for environmental assets, Sci. Am., 1992, 266, June, 64. b) R.
Repetto, Earth in the balance sheet: Incorporating natural resources in national income
accounts, Environment, 1992, 34, Sept., 12. c) D. Pearce et al., Debt and the environment,.
Sci. Am., 1995, 272, July, 28.

38. a) G. Daily, ed., Nature's Services: Societal Dependence on Natural Ecosystems, Island
Press, Washington, DC, USA, 1997. b) D. Pimentel et al., Economic and environmental
benefits of biodiversity, BioScience, 1997, 47, Dec., 747. c) N. E. Bockstael, et al., On
measuring economic values of nature, Env. Sci. Technol., 2000, 34, 1384. d) A. Balmford et
al., Economic reasons for conserving wild nature, Science, 2002, 297, 950.

39. R. Costanza et al., The value of the world's ecosystem services and natural capital, Nature,
1997, 387, 253.

40. a) S. L. Pimm, The value of everything, Nature, 1997, 387, 231. b) W. Roush, Putting a
price tag on nature's bounty, Science, 1997, 276, 1029. c) E. Masood and L. Garwin, Costing
the Earth: when ecology meets economics, Nature, 1998, 395, 426. d) D. Fullerton and R.
Stavins, How economists see the environment, Nature, 1998, 395, 433.

41. a) J. Gray, Protect and survive, New Sci., 1998, 15 August, 48. b) G. C. Daily et al., The
value of Nature and the nature of value, Science, 2000, 289, 395.



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

The Living Planet 39

42. a) G. Chichilnisky and G. Heal, Economic returns from the biosphere, Science, 1998, 391,
629. b) R. H. Platt, P. K. Barten and M. J. Pfeffer, A full clean glass? Managing New York
City's watersheds, Environment, 2000, 42, June, 8. c) L. J. Ehlers, M. J. Pfeffer and C. R.
O'Melia, Making watershed management work, Env. Sci. Technol., 2000, 34, 464 A.

43. S. Cole, The emergence of treatment wetlands, Env. Sci. Technol., 1998, 32, 18 A.
44. a) R. A. Frosch and N. E. Gallopoulos, Strategies for manufacturing, Sci. Am., 1989, 261,

Sept., 94. b) B. R. Allenby and D. J. Richards, eds., The Greening of Industrial Ecosystems,
National Academy Press, Washington, DC, USA, 1994. c) R. Ayers and U. Simonis, eds.,
Industrial Metabolism: Restructuring for Sustainable Development, United Nations
University Press, Florence, Italy, 1994. d) R. A. Frosch, Sci. Am., 1995, 273, Sept., 144. e)
M. Burke, Env. Sci. Technol., 1997, 31, 84 A.

45. a) R. A. Kerr, Acid rain control: Success on the cheap, Science, 1998, 282, 1024. b) D.
Munton, Dispelling the myths of the acid rain story, Environment, 1998, 40, July/Aug., 4. c)
A. Jenkins, End of the acid reign, Nature, 1999, 401, 537. d) D. Burtraw and E. Mansur,
Environmental effects of SO2 trading and banking, Env. Sci. Technol., 1999, 33, 3489.

46. a) J. T. Overpeck, The hole record, Nature, 2000, 403, 714. b) S. Huang, H. N. Pollack and
P.-Y. Shen, Temperature trends over the past five centuries reconstructed from borehole
temperatures, Nature, 2000, 403, 756.

47. a) J. Overpeck, Arctic environmental change of the last four centuries, Science, 1997, 278,
1251. b) P. D. Jones et al., High resolution paleoclimatic records for the last millennium:
interpretation, intergration and comparison with general circulation model control-run
temperatures, Holocene, 1998, 8, 455. c) M. E. Mann, R. S. Bradley and M. K. Hughes,
Global-scale temperature patterns and climate forcing over the past six centuries, Nature,
1998, 392, 779. d) P. Jones, It was the best of times, it was the worst of times, Science,
1998, 280, 544. e) K. R. Briffa and T. J. Osborn, Seeing the wood from the trees, Science,
1999, 284, 926. f) R. A. Kerr, Draft report affirms human influence, Science, 2000, 288,
589.

48. a) R. A. Kerr, Globe's "missing warming" found in the Ocean, Science, 2000, 287, 2126. b)
S. Levitus  et al., Warming of the world ocean, Science, 2000, 287, 2225. c) D. Dahle-
Jensen, The Greenland ice sheet reacts, Science, 2000, 289, 404.

49. a) J. D. Milliman, J. D. Broadus and F. Gable, Environmental and economic implications of
rising sea-level and subsiding deltas: the Nile and Bengal examples, Ambio, 1989, 18, 340.
b) J. Lewis, Sea-level rise: some implications for Tuvalu, ibid., 458.

50. C. N. Runnels, Environmental degradation in Ancient Greece, Sci. Am., 1995, 272, March,
72.

51. Aristotle, Meteorologica, Book 1, Chapter 14.
52. R. H. Grove, Origins of Western environmentalism, Sci. Am., 1992, 267, July, 22.
53. a) R. Carlson, Silent Spring, Houghton-Mifflin, Boston, USA, 1962. b) B. G. Loganathan

and K. Kannan, Global organochlorine contamination trends: an overview, Ambio, 1994, 23,
187. c) J. R. Krebs et al., The second silent spring, Nature, 1999, 400, 611.

54. D. Malakoff, Extinction on the high seas, Science, 1997, 277, 686.
55. a) P. A. Matson et al., Agricultural intensification and ecosystem properties, Science, 1997,

277, 504. b) L. W. Botsford, J. C. Castilla and C. H. Peterson, The management of fisheries
and marine ecosystems, ibid., 509. c) J. B. Hughes, G. C. Daily and P. R. Ehrlich,
Population diversity: its extent and extinction, Science, 1997, 278, 689.



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

Challenged Earth40

56. L. Hannah et al., A preliminary inventory of human disturbance of world ecosystems,
Ambio, 1994, 23, 246.

57. R. Gallagher and B. Carpenter, Human dominated ecosystems, Science, 1997, 277, 485.
58. Managing Planet Earth, Sci. Am., 1989, 261, Sept.
59. a) J. Terborgh, Why American songbirds are vanishing, Sci. Am., 1992, 266, May, 56. b) S.

K. Robinson et al., Regional forest fragmentation and the nesting success of migratory birds,
Science, 1995, 267, 198. c) R. A. Askins, Hostile landscapes and the decline of migratory
songbirds, Science, 1995, 267, 1956. d) L. Tangley, The case of the missing migrants,
Science, 1996, 274, 1299.

60. a) R. G. Prinn, The interactive atmosphere: global atmospheric-biospheric chemistry, Ambio,
1994, 23, 50. b) P. J. Crutzen, On the role of CH4 in atmospheric chemistry: sources, sinks
and possible reductions in anthropogenic sources, Ambio, 1995, 24, 52.

61. a) P. P. Tans and P. S. Baldwin, Climate change and carbon dioxide, Ambio, 1995, 24, 376.
b) C. D. Keeling et al., Interannual extremes in the rate of rise of atmospheric carbon
dioxide since 1980, Nature, 1995, 375, 666. c) J. T. Houghton and L. G. Meira Filho et al.,
eds., Climate Change 1995: The Science of Climate Change, IPCC, Cambridge University
Press, Cambridge, UK, 1996. d) J. T. Houghton et al., eds, Climate Change 2001: The
Scientific Basis, IPCC, Cambridge University Press, Cambridge, UK, 2001.

62. a) F. S. Rowland, Stratospheric ozone depletion by chlorofluorocarbons (Nobel Lecture),
Angew. Chem. Int. Edn., 1996, 35, 1786. b) G. Walker, The hole story, New Sci., 2000, 25
March, 24.

63. a) H. Whittaker and G. E. Likens, Primary production: the biosphere and man, Hum. Ecol.,
1973, 1, 357. b) E. O. Wilson, News and comment, Science, 1986, 234, 14.

64. a) W. B. Meyer and B. L. Turner, Human population growth and global land use/cover
change, Annu. Rev. Ecol. Syst., 1992, 23, 39. b) R. L. Naylor, Energy and resource
constraints on intensive agricultural production, Annu. Rev. Energy Environ., 1996, 21, 99.
c) R. L. Naylor, W. Falcon and E. Savaleta, Variability and growth in grain yields, 1950-94:
does the record point to greater instability? Popn.. Dev. Rev, 1997, 23, 41.

65. a) V. Smil, Global population and the nitrogen cycle, Sci. Am., 1997, 277, July, 58. b) V.
Smil, Detonator of the population explosion, Nature, 1999, 400, 415.

66. a) S. L. Postel, G. C. Daily and P. R. Ehrlich, Human appropriation of renewable fresh
water, Science, 1996, 271, 785. b) J. N. Abramovitz, Imperilled Waters, Impoverished
Future: The Decline of Freshwater Ecosystems, Worldwatch Institute, Washington, DC,
USA, 1996.

67. a) R. H. Pine, New mammals not so seldom, Nature, 1994, 368, 593. b) C. G. M. Paxton, A
cumulative species description curve for large open water marine animals, J. Marine Biol.
Assoc., 1998, 78, 1389.

68. J. Woodford, The Wollemi Pine, Text Publishing, Melbourne, Australia, 2000.
69. J. F. Grassle, Species diversity in deep-sea communities, Trends Ecol. Evol., 1989, 4, 12.
70. J. K. Fredrickson and T. C. Onstott, Microbes deep inside the Earth, Sci. Am., 1996, 275,

Oct., 42.
71. R. M. May, How many species? Phil. Trans. Roy. Soc. B, 1990, 330, 293.
72. J. A. McNeely et al., Conserving the World's Biological Diversity, International Union for

Conservation of Natural Resources, World Resources Institute, Conservation International
World Wildlife Fund-US and the World Bank, Gland, Switzerland, 1990.



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

The Living Planet 41

73. J. S. Olson, J. A. Watts and L. J. Allison, Carbon in Live Vegetation of Major World
Ecosystems, Oak Ridge National Laboratory Publication, Oak Ridge, USA, 1997.

74. G. L. Ajtay, P. Ketner and P. Duvigneaud, Terrestrial primary production and phytomass in
The Global Carbon Cycle, B. Bolin et al., eds, Wiley, Chichester, UK, 1979.

75. a) O. Tickell, We'll all go together when we go, New Sci., 1996, 2 March, 42. b) M. J.
Novacek and E. E. Cleland, The current biodiversity event: scenarios for mitigation and
recovery, Proc. Natl. Acad. Sci. USA, 2001, 98, 5466. c) D. S. Woodruff, Declines of
biomes and biotas and the future of evolution, ibid., 5471. d) N. Knowlton, The future of
coral reefs, ibid., 5419. e) S. L. Pimm et al., Can we defy nature's end? Science, 2001, 293,
2207.

76. a) F. Pearce, Incendiary policies, New Sci., 1997, 4 Oct., 4. b) D. Swinbanks, Forest fires
cause pollution crisis in Asia, Nature, 1997, 389, 321. c) R. Showstack, Scientists assess
impact of Indonesian fires, EOS, 1997, 4 Nov., 493. d) N. Mawdsley, Indonesia aflame, New
Sci., 1997, 25 Oct., 51. e) M. Brauer and J. Hisham-Hashim, Fires in Indonesia: Crisis and
reaction, Env. Sci. Technol., 1998, 33, 404 A. f) C. A. Legg and Y. Laumonier, Fires in
Indonesia, 1997: a remote sensing perspective, Ambio, 1999, 28, 479. g) M. S. Hamilton, M.
O. Miller and A. Whitehouse, Continuing fire threat in Southeast Asia, Env. Sci. Technol.,
2000, 34, 82 A. h) F. Siegert et al., Increased damage from fires in logged forests during
droughts caused by El Niño, Nature, 2001, 414, 437. i) P. Jepson et al., The end of
Indonesia's lowland forests? Science, 2001, 292, 859. j) D. Schimel and D. Baker, The
wildfire factor, Nature, 2002, 420, 29. k) S. E. Page et al., The amount of carbon released
from peat and forest fires in Indonesia during 1997, ibid., 61.

77. F. Pearce, Indonesia's inferno will make us all sweat, New Sci., 1997, 18 Oct., 22.
78. a) J.-P. Malingreau and C. J. Tucker, Large-scale deforestation in the southeastern Amazon

basin of Brazil, Ambio, 1988, 17, 49. b) W. F. Laurence et al., The future of the Brazilian
Amazon, Science, 2001, 291, 438.

79. F. Pearce, Scorched earth, New Sci., 1997, 11 Oct., 10.
80. a) F. Pearce, Playing with fire, New Sci., 1998, 21 March, 37. b) F. Pearce, Beyond hope,

ibid., 31 Oct., 24. c) J. G. Goldammer, Forests on fire, Science, 1999, 284, 1782. d) F.
Pearce, Logged out, New Sci., 2002, 2 March, 6.

81. E. Salati and P. B. Vose, Depletion of tropical rainforests, Ambio, 1983, 12, 67.
82. a) R. Adler, All dried up. Forest fires are upsetting the global weather machine, New Sci.,

1999, 16 October, 15. b) O. B. Toon, How pollution suppresses rain, Science, 2000, 287,
1763.

83. J. T. Carlton et al., Historical extinctions in the sea, Annu. Rev. Ecol. Syst., 1999, 30, 515.
84. a) D. W. Steadman, Prehistoric extinctions of Pacific island birds: biodiversity meets

zooarchaeology, Science, 1995, 267, 1123. b) J. Diamond, Blitzkrieg against the moas,
Science, 2000, 287, 2170. c) R. N. Holdaway and C. Jacomb, Rapid extinction of the moas
(Aves: Dinornithiformes): model, test and implication, Science, 2000, 287, 2250. d) L.
Deighton, Mass extinctions pinned on ice age hunters, Science, 2001, 292, 1819. e) J. Alroy,
A multispecies overkill simulation of the end-Pleistocene megafaunal mass extinction, ibid.,
2001, 292, 1893.

85. S. L. Pimm, Threatened species around the world, World Book Multimedia Encyclopaedia,
Millennium 2000 (http//www.worldbook.com/fun/wbla/earth/html/ed11.htm)



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

Challenged Earth42

86. a) World Resources Institute, World Resources 1996-1997, Oxford University Press, New
York, USA, 1996. b) F. Pearce, An unnatural disaster, New Sci., 1999, 6 Nov., 12.

87. a) N. Williams, Study finds 10% of tree species under threat, Science, 1998, 281, 1426. b) O.
Tickell, Trees on the verge of mass extinction, New Sci., 1998, 29 Aug., 11. c) J. Josephson,
Going, going, gone? Plant species extinction in the 21st century, Env. Sci. Technol., 2000,
34, 130 A.

88. L. R. Gerber, D. P. DeMaster and S. P. Roberts, Measuring success in conservation, Am.
Sci., 2000, 88, 317.

89. a) J. P. Cohn, Saving the California condor, BioScience, 1999, 49, Nov., 864. b) M. Kaplan,
Plight of the condor, New Sci., 2002, 5 Oct., 34.

90. J.-P. Malingreau and C. J. Tucker, Large-scale deforestation in the southeastern Amazon
basin of Brazil, Ambio, 1988, 17, 49.

91. a) V. H. Heywood and S. N. Stuart, Species extinction in tropical forests, in Tropical
Deforestation and Species Extinction, T. C. Whitmore and J. H. Taylor, eds., Chapman and
Hall, London, UK, 1992. b) N. C. A. Pitman and P. M. Jørgensen, Estimating the size of the
world’s threatened flora, Science, 2002, 298, 989.

92. R. M. May, J. H. Lawton and N. E. Stork, Assessing extinction rates, in Extinction Rates, J.
H. Lawton and R. M. May, eds., Oxford University Press, Oxford, UK, 1995.

93. N. Myers, Mass extinction and evolution, Science, 1997, 278, 587.
94. a) N. Myers and A. H. Knoll, The biotic crisis and the future of evolution, Proc. Natl. Acad.

Sci. USA, 2001, 98, 5389. b) D. Jablonski, Lessons from the past: evolutionary impacts of
mass extinctions, ibid., 5393. c) D. H. Erwin, Lessons from the past: biotic recoveries from
mass extinctions, ibid., 5399. d) M. L. Rosenzweig, Loss of speciation rate will impoverish
future diversity, ibid., 5404. e) D. Tilman and C. Lehman, Human-caused environmental
change: impacts on plant diversity and evolution, ibid., 5433. f) H. A. Mooney and E. E.
Cleland, The evolutionary impact of invasive species, ibid., 5446. g) D. Western, Human-
modified ecosystems and future evolution, ibid., 5458. h) P. Erlich, Intervening in evolution:
ethics and actions, ibid., 5477.

95. a) D. Erwin, Palaeontology: life's downs and ups, Nature, 2000, 404, 129. b) J. W. Kirchmer
and A. Weil, Delayed biological recovery from extinctions throughout the fossil record,
Nature, 2000, 404, 177.

96. a) R. Nowak, Uganda enlists locals in the battle to save the gorillas, Science, 1995, 267,
1761. b) J. Bohannon, An 11th-hour rescue for Great Apes? Science, 2002, 297, 2203.

97. a) J. Whitfield, Ape populations decimated by hunting and Ebola virus, Nature, 2003, 422,
551. b) P. D. Walsh et al., Catastrophic ape decline in western equatorial Africa, ibid., 611.

98. J. R. Spotila et al., Pacific leatherback turtle faces extinction, Nature, 2000, 405, 529.
99. a) N. Myers, Threatened biotas: hotspots in tropical forests, Environmentalist, 1988, 8, 178.

b) R. P. Cincotta, J. Wisnewski and R. Engelman, Human population in the biodiversity
hotspots, Nature, 2000, 404, 990. c) A. Balmford et al., Conservation conflicts across
Africa, Science, 2001, 291, 2616. d) B. Holmes, Should we seek to save Earth’s iconic
hotspots? New Sci., 2005, 5 Feb., 10.

100. a) United Nations, Report of the United Nations Conference on Environment and
Development, Rio de Janeiro, 3-14 June 1992, United Nations, New York, USA, 1992. b) L.
Glowka, F. Burhenne Guilmin and H, Synge, A Guide to the Convention on Biodiversity,
IUCN, Gland, Switzerland, 1994.



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

The Living Planet 43

101. N. Myers, Population and biodiversity, Ambio, 1995, 24, 56.
102. S. D. Tanksley and S. R. McCouch, Seed banks and molecular maps: unlocking genetic

potential from the wild, Science, 1997, 277, 1063.
103. a) R. Edwards, Tomorrow's bitter harvest, New Sci., 1996, 17 August, 14. b) R. Nelson, The

blight is back, Sci. Am., 1998, 278, June, 18.
104. a) L. D. Stein, End of the beginning, Nature, 2004, 431, 915. b) International Human

Genome Sequencing Consortium, Finishing the euchromic sequence of the human genome,
ibid., 931.

105. M. J. Reiss and R. Straughan, Improving Nature? The Science and Ethics of Genetic
Engineering, Cambridge University Press, Cambridge, UK, 1996.

106. a) F. Barnaby, The effects of a global nuclear war: the arsenals, Ambio, 1982, 11, 76. b) F.
Barnaby et al., Reference scenario: how a nuclear war might be fought, ibid., 94.

107. a) M. Day, Scourge of infection kills Third World's young, New Sci., 1996, 25 May, 6. b) C.
Holden, Ominous trends for infectious diseases, Science 1996, 272, 1269.

108. a) M. Balter, On World AIDS Day, a shadow looms over Southern Africa, Science, 1998,
282, 1790. b) K. Birmingham, UN acknowledges HIV/AIDS as a threat to world peace,
Nature Med., 2000, 6, 117.

109. AIDS Epidemic Update, December 2004, UNAIDS/WHO, Geneva, Switzerland., 2004.
110. a) F. Press and R. M. Hamilton, Mitigating natural disasters, Science, 1999, 284, 1927. b)

W. D. Iwan, et al., Mitigation emerges as major strategy for reducing losses caused by
natural disasters. Science, 1999, 284, 1943.

111. a) G. Brasseur and C. Granier, Mount Pinatubo aerosols, chlorfluorocarbons, and ozone
depletion, Science, 1992, 257, 1239. b) J. Horgan, Volcanic disruption, Sci. Am., 1992, 266,
March, 16. c) D. Schneider, A river (of mud) still runs through it, Sci. Am., 1995, 273, July,
17. d) M. R. Carroll, Volcanic sulphur in the balance, Nature, 1997, 389, 543. e) V. Kress,
Magma mixing as a source for Pinatubo sulphur, Nature, 1997, 389, 591. f) C. G. Newhall,
J. A. Power and R. S. Punongbayan, “To make grow”, Science, 2002, 295, 1241.

112. T. Simkin, L. Siebert and R. Blong, Volcanic fatalities - lessons from the historical record,
Science, 2001, 291, 255.

113. a) D. Normile, Quake builds case for strong codes, Science, 1995, 267, 444. b) U. Tsunogai
and H. Wakita, Precursory chemical changes in ground water: Kobe earthquake, Science,
1995, 269, 61. c) E. M. Noam and H. Sato, Kobe's lesson: dial 711 for "open" emergency
communications, Science, 1996, 274, 739.

114. Scientist of the U.S. Geological Survey and the Southern California Earthquake Center, The
magnitude 6.7 Northridge, California, Earthquake of 17 January 1994, Science, 1994, 266,
389.

115. a) T. Appenzeller, In Turkey, havoc from a falling-domino effect, Science, 1999, 285, 1334.
b) A. Barka, The 17 August 1999 Izmit earthquake, ibid., 1858. c) S. Leavy, Stress test, Sci.
Am., 1999, 281, Dec., 16.

116. R. Kerr, Tectonics, design combine for India disaster - more coming, Science, 2001, 291,
802.

117. H. K. Gupta et al., The deadliest intraplate earthquake, Science, 2001, 291, 2101. b) A.
Lawler, Science, Earthquake allows rare glimpse into Bam’s past – and future, 2004, 303,
1463.



CHALLENGED EARTH - An Overview of Humanity's Stewardship of Earth
© Imperial College Press
http://www.worldscibooks.com/environsci/p377.html

Challenged Earth44

118. a) F. I. Gonzalez, Tsunami, Sci Am., 1999, 280, May, 44. b) R. Koenig, Researchers target
deadly tsunamis, Science, 2001, 293, 1251.

119. a) Y. Bhattacharjee, In wake of disaster, scientists seek out clues to prevention, Science,
2005, 307, 22. b) E. Kintisch, U.S. Clamor grows for global network of ocean sensors, ibid.,
191. c) R.A. Kerr, Failure to gauge the quake crippled the warning effort, ibid., 201. d) E.
Kintisch, Global tsunami warning system takes shape, ibid., 331. e) R. Stone, A race to beat
the odds, ibid., 502. f) J. Hogan and E. Young, Will we be ready for the next one? New Sci.,
2005, 15 Jan., 12. g) F. Pearce and B. Holmes, The impact will last decades, ibid., 14. h) R.
Nowak, Reconstructing a most deadly wave, ibid., 16. i) K. Davis, Anatomy of a quake,
ibid., 17. j) J. McCloskey, S. S. Nalbant and S. Steacy, Earthquake risk from co-seismic
stress, Nature, 2005, 434, 291. k) K. Sieh, What happened and what’s next? Ibid., 573. l) S.
Stein and E. A. Okal, Speed and size of the Sumatra earthquake, ibid., 581. m) S. Ni, H.
Kanamori and D. Helmberger, Energy radiation from the Sumatra earthquake, ibid., 582. n)
M. Mukerjee, The scarred Earth, Sci. Am., 2005, 292, March, 8.

120. a) M. Hopkin, Indonesia spared a tsunami as disaster quake strikes, Nature, 2005, 434, 547.
b) R. A Kerr, Model shows islands muted tsumani after latest Indonesian earthquake,
Science, 2005, 308, 341

121. a) J. Copley, Recipe for disaster: Why a weakening hurricane wrought such havoc, New Sci.,
1998, 14 Nov., 5. b) P. R. Epstein, Climate and health, Science, 1999, 285, 347.

122. O. Sattaur, Counting the cost of catastrophe, New Sci., 1991, 29 June, 13.
123. a) A. Vaidyanathan, A sorry technological tale from India, New Sci., 1985, 21 Feb., 36. b) D.

MacKenzie, Design failings that caused disaster, New Sci., 1985 , 28 March, 3. c) A.
Rosencranz, Bhopal, transnational corporations, and hazardous technologies, Ambio, 1988,
17, 336. d) B. Allen, Bhopal: 15 years on, Green Chem., 2000, G56. e) C. Crabb, Revisiting
the Bhopal tragedy, Science, 2004, 306, 1679. f) J.-F. Tremblay, Bhopal today, Chem. Eng.
News, 2005, 83, 24 Jan., 28.

124. a) M. Barinaga, Shipwreck fouls the water, Nature 1989, 338, 451. b) L. Dayton, Scientists
converge on stricken sound in Alaska, New Sci., 1989, 8 April, 20. c) P. Coles, Fisheries
first to suffer, Nature, 1989, 338, 533. d) J. F. Piatt and C. J. Lensink, Exxon Valdez bird
toll, Nature, 1989, 342, 865. e) T. A. Birkland, In the wake of the Exxon Valdez,
Environment, 1998, 40, Sept., 7. f) F. Pearce, In the thick of it, New Sci., 2001, 5 May, 4.

125. a) V. Rich, An ill wind from Chernobyl, New Sci., 1991, 20 April, 20. b) M. Bojcun, The
legacy of Chernobyl, New Sci., 1991, 20 April, 24. c) R. Edwards, Chernobyl floods put
millions at risk, New Sci., 1996, 23 March, 4. d) M. Freemantle, Ten years after Chernobyl
consequences are still emerging, Chem. Eng. News, 1996, 74 , 29 April, 18. e) Y. M.
Shcherbak, Ten years of the Chornobyl era, Sci. Am., 1996, 274, April, 32. f) T. J. Smith et
al., Nature, Chernobyl's legacy in food and water, 2000, 405, 141. g) R. Stone, Living in the
shadow of Chornobyl, Science, 2001, 292, 420.

126. a) W. R. Jordan, M. E. Gilpin and J. D. Aber, Restoration Ecology, Cambridge University
Press, Cambridge, UK, 1987. b) A. P. Dobson, A. D. Bradshaw and A. J. M. Baker, Hopes
for the future: restoration ecology and conservation biology,  Science, 1997, 277, 515.

127. a) F. Pearce, Reap what you sow, New Sci., 2001, 21 April, 11. b) D. Tilman et al.,
Forecasting agriculturally driven global environmental change, Science, 2001, 292, 281.


