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1

The Journey in Space and Time

Icons are important to us: the cross, the scimitar, and the

hammer-and-sickle have dominated lives and history for

two millennia. For some the icon with greatest meaning is

that blue-and-white vision of the Earth first seen from

space by astronauts. That icon is undergoing subtle

changes as the white ice fades away, the green of forest and

grassland fades into the dun of desert, and the oceans lose

their blue-green hue and turn a purer, swimming-pool blue

as they, too, become desert. This is why at ninety years old

I will try to emulate the astronauts and fly into space to see

the Earth from above, before it vanishes. I want to catch a

glimpse of the Earth I have lived with all my life, even

though my most trusted physician, Douglas Chamberlain,

has advised me that the risk will be too great. I will go, de-

spite the warnings, to recapture that enthralling eureka

moment forty-four years ago when I was working at what
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was then the center of space research, the Jet Propulsion

Laboratory (JPL) in California, and saw with my mind’s

eye our planet as something possibly unique in the uni-

verse, something alive. Since then I have thought of the

word Earth as inadequate to describe the living planet that

we inhabit and are a part of. I am grateful to the author

William Golding for his suggestion that the name Gaia was

more appropriate. Not least among the joys of seeing our

live planet from high above will be the simple pleasure of

seeing with my own eyes how spherical it is. I had few

doubts that this was so, but as with many things in life as

well as in science, we have to take for granted that it is

round, even though when on the ground, our eyes tell us it

is flat.

Imagine my delighted amazement on hearing that my

wish to see the Earth from space would soon be fulfilled,

and I would see from the sky above New Mexico our

sphere of a world in all its glory. In an act of splendid gen-

erosity, Sir Richard Branson made the gift and had already

founded his own space line, Virgin Galactic, to make it

possible. His ultimate upgrade, the flight to space, will let

me escape for a few brief minutes the all-pervasive intro-

spection of twenty-first-century life and allow me to share

that transcendental feeling of astronauts that our home is

not the house or the street or the nation where we live, but

the Earth itself.

Is there any need to see Gaia, the only living planet in

the solar system? After all, despite the recent economic set-
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back, life continues to get better in most of the world; even

the poor in the developed world, although malnourished,

are sometimes well enough fed to be obese. There are so

many possibilities of entertainment that there is no reason

to be bored day or night. Perhaps we no longer need to see

the Earth in reality when we can see it so well on Google.

It does matter, and it matters more than any other thing:

we have to see it as it really is because our lives are wholly

dependent upon the living Earth. We could not survive for

an instant on a dead planet like Mars, and we need to un-

derstand the differences. If we fail to take our planet seri-

ously, we will be like children who take their homes for

granted and never doubt that breakfast starts the day; we

will not notice as we enjoy our daily lives that the cost of

our neglect could soon cause the greatest tragedy in the

memory of humankind. The Earth, in its but not our inter-

ests, may be forced to move to a hot epoch, one where it

can survive, although in a diminished and less habitable

state. If, as is likely, this happens, we will have been the

cause.

Do not be misled by lulls in climate change when global

temperature is constant for a few years or even, as I write

here in the United Kingdom in 2008, appears to drop. Hol-

idaymakers and farmers who have endured a miserably

cloudy, cool, wet July and August all ask me: Where is

global warming now? Further away in the Gulf of Mexico,

where for several years the surface water was unusually

warm, it is now cooler again, and the Arctic has also re-

THE JOURNEY IN SPACE AND TIME

3

0465015498-1.QXP:Perseus: 5.5 x 8.25  1/29/09  2:16 PM  Page 3



gained a little of the astounding losses of 2007 (although

ominously the ice continues to grow thinner). In the real

world, change is rarely smooth: it goes by fits and starts,

more like the halting progress of a traffic jam than the easy

motion of the open road. But however unlikely it some-

times seems, change really is happening, and the Earth

grows warmer year by year. It is ever more at risk of

changing to a barren state in which few of us can survive.

Scientists, especially Steve Schneider and Jim Hansen, rec-

ognized in the 1980s the possibility of dangerous climate

change as a result of our pollution of the air with excessive

carbon dioxide. This led the eminent Swedish climatologist

Bert Bolin to persuade the United Nations (UN) to form

the Intergovernmental Panel on Climate Change (IPCC)

with Sir John Houghton and Gylvan Meiro Filho as its first

co-chairs. The panel began gathering evidence about the

changing chemistry and physics of the atmosphere in 1990

and has issued reports in 1991, 1995, 2001, and 2007.

Through the efforts of this more than one-thousand-strong

panel of scientists of many different nations, we now know

enough about the Earth’s atmosphere to make intelligent

guesses about future climates. But so far these guesses have

been unable to match the observed changes in climate

closely enough for us to be confident about IPCC forecasts

decades into the future.

We are almost all of us now so urbanized that few living

in the cities of the northern hemisphere see the stars at

night. Air and light pollution have dimmed them so that

THE VANISHING FACE OF GAIA
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only the Moon and Venus are visible through the nighttime

glare. Our great-grandparents often saw the constellations

of stars and used Polaris to guide their way; on clear nights

they even saw the Milky Way—that faint white band that

crosses the sky and is a sideways view of our home galaxy.

Apart from a few sailors and farmers miles away from any

settlement, who still see the dark depths of the sky, we are

all lost in the hazy air of that mega-city and globalization

has made of the human world. In a similar way, scientists

have become urbanized and have only recently taken the

idea of a live Earth into their thinking. Most of them have

still to digest the idea of Gaia and make it part of their

practice.

We are trying to undo some of the harm we have done,

and as climate change worsens we will try harder, even

desperately, but until we see that the Earth is more than a

mere ball of rock we are unlikely to succeed. It is not sim-

ply too much carbon dioxide in the air or the loss of bio -

diversity as forests are cleared; the root cause is too many

people, their pets, and their livestock—more than the

Earth can carry. No voluntary human act can reduce our

numbers fast enough even to slow climate change. Merely

by existing, people and their dependent animals are re-

sponsible for more than ten times the greenhouse gas emis-

sions of all the airline travel in the world.

We do not seem to have the slightest understanding of

the seriousness of our plight. Instead, before our thoughts

were diverted by the global financial collapse, we seemed

THE JOURNEY IN SPACE AND TIME
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lost in an endless round of celebration and congratulation.

It was good to recognize the huge efforts of the IPCC and

Al Gore with the Nobel Peace Prize and to have a brave

ten thousand people make the long journey to Bali as a

salutation, but because they failed to see the Earth as alive

and responsive they ignored at our peril the extent of its

disapproval of all we do. As we hold our meetings and talk

of stewardship, Gaia still moves step by step toward the

hot state, one that will allow her to continue as the regula-

tor, but where few of us will be alive to meet and talk. Per-

haps we were celebrating because the once rather worrying

voice of the IPCC now spoke comfortably of consensus

and endorsed those mysterious concepts of sustainability

and energy that renewed itself. We even thought that this

way somehow we could save the planet and grow richer as

well, a more pleasing outcome than the uncomfortable

truth.

I am not a willing Cassandra and in the past have been

publicly skeptical about doom stories, but this time we do

have to take seriously the possibility that global heating

may all but eliminate people from the Earth. It may seem

that my pessimism is an extrapolation too far. I accept this:

a continuing series of volcanic eruptions as powerful as

Pinatubo in 1991 could reverse climate change, as might

one or more of the geoengineering schemes now being con-

sidered; and possibly our projections are flawed. But pes-

simism is justified by the difference between the forecasts

of the IPCC and what observers find in the real world of

THE VANISHING FACE OF GAIA
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September 2008. Just think, as I write this in 2008, more

than one thousand of the world’s best climate scientists

have worked for seventeen years to forecast future climates

and have failed to predict the climate of today. I have little

confidence in the smooth, rising curve of temperature that

modelers predict for the next ninety years. The Earth’s his-

tory and simple climate models based on the notion of a

live and responsive Earth suggest that sudden change and

surprise are more likely. My pessimism is shared by other

scientists and openly by the distinguished climate scientist

James Hansen, who finds as I do that the evidence now

coming from the Earth, together with the knowledge of its

history, is gravely disturbing. Most of all I am pessimistic

because business and governments both appear to be ac-

cepting uncritically a belief that climate change is easily

and profitably reversible.

Do not expect the climate to follow the smooth path of

slowly but sedately rising temperatures predicted by the

IPCC, where change slowly inches up and leaves plenty of

time for business as usual. The real Earth changes by fits

and starts with spells of constancy, even slight decline, be-

tween the jumps to greater heat. Climate change is not at

all like the smooth civil engineering of a major highway

that climbs uninterruptedly up a mountain pass, but more

like the mountain itself, a concatenation of slopes, valleys,

flat meadows, rock steps, and precipices. Perhaps some

time in the past the asset manager who cared for your pen-

sion fund showed you a growth curve for your investments

THE JOURNEY IN SPACE AND TIME
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that rose smoothly without a break from now until 2050;

but now you would be full of doubt about so smooth and

continuous a progress and would know that growth can be

interrupted by Northern Rocks and Lehman Brothers

strewn along the way and even fall into the chasm of a

global recession. Yet we are asked to believe that tempera-

ture will rise smoothly for another forty years, unless of

course we put the carbon dioxide in the atmosphere some-

where else. You may think that climate and economic fore-

casts have little in common, but they do: both systems are

complex and nonlinear and can change suddenly and un-

expectedly. Alan Greenspan, until recently the United

States economic guru, said in a BBC interview that for this

reason he refused to predict the course of the world econ-

omy; and the distinguished Cambridge economist, Sir

Partha Dasgupta warned that models of the economy

shared with those of the climate a similar, fickle unpre-

dictability. They made these wise disclaimers well before

the crash of 2008. We now know that the huge debts in-

curred by the first world were its cause. We have no notion

when our environmental indebtedness will bring even

greater ruin, only that it is likely to happen.

We seem to have forgotten that science is not wholly

based on theory and models: more tiresome and prosaic

confirmation by experiment and observation plays just as

important a part. Perhaps for social reasons, science has in

recent years changed its way of working. Observation in

the real world and small-scale experiments on the Earth

THE VANISHING FACE OF GAIA
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now take second place to expensive and ever-expanding

theoretical models. It may be administratively and politi-

cally convenient to work this way, but the consequences

could be disastrous. Our tank is near empty of data, and

we are running on theoretical vapor: this is especially true

of data about the oceans that make up more than 70 per-

cent of the Earth’s surface, and about the responses of

ecosystems to climate change—and, just as importantly,

the effect of change in the oceans and ecosystems on the

climate.

The ideas that stem from Gaia theory put us in our

proper place as part of the Earth system—not the owners,

managers, commissars, or people in charge. The Earth has

not evolved solely for our benefit, and any changes we

make to it are at our own risk. This way of thinking makes

clear that we have no special human rights; we are merely

one of the partner species in the great enterprise of Gaia.

We are creatures of Darwinian evolution, a transient

species with a limited lifespan, as were all our numerous

distant ancestors. But, unlike almost everything before we

emerged on the planet, we are also intelligent, social ani-

mals with the possibility of evolving to become a wiser and

more intelligent animal, one that might have a greater po-

tential as a partner for the rest of life on Earth. Our goal

now is to survive and to live in a way that gives evolution

beyond us the best chance. The philosopher John Gray has

discussed the extent to which we are still an emerging in-

telligence and still have far to go to match even our own

THE JOURNEY IN SPACE AND TIME
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estimation of ourselves. Do we really believe that we hu-

mans, wholly untrained as we are, have the intelligence or

capacity to manage the Earth?

We have become good at burying bad news, and maybe

this is why we do not like the reports brought back by

those brave and true scientists who go out into the

world—like Charles David Keeling and his son Ralph,

who for so long and so accurately monitored carbon diox-

ide on the peak of Mauna Loa, or Andrew Watson who

took wintertime measurements from a ship that bounced

on the cold and stormy seas off Greenland. There are a few

scientists like them who now make observations of temper-

ature and sea-level rise, and their measurements were re-

ported by Stefan Rahmstorf and his colleagues in May

2007 in Science. They found the sea level was rising 1.6

times as fast and the temperature 1.3 times as fast as the

IPCC had predicted in 2007. In September 2007 we were

devastated to discover that all but 40 percent of the ice

floating on the Arctic Ocean had melted. It is true that the

visible loss in 2008 was slightly less, but the remaining ice

had thinned by a record 1.5 feet. These changes are far

more rapid than the gloomiest of model forecasts and, as

we shall see, could have serious consequences.

Through Gaia theory I offer a view of our and the

Earth’s possible future as climate change develops. It dif-

fers from that of most climate scientists. The differences

come from procedure, not from a different factual basis.

Most of the climate-change models, for example, do not

THE VANISHING FACE OF GAIA
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yet include the physiological response of the ecosystems of

the land or oceans. In no way is this the consequence of a

battle between theories; it is that climate models stretch

our mental and computing capacities so much that it takes

a long time before new procedures can be included reli-

ably—it is somewhat like changing the transport system of

a city from buses to trams. In an ideal world all-inclusive

climate models might lessen or even remove the disagree-

ment, but we cannot afford to wait for perfected models:

we have to act now, so I offer predictions based on simple

models from Gaia theory and evidence from the Earth now

and in the past.

Professional climatology is based mainly on geophysics

and geochemistry and often assumes that the Earth is inert

and incapable of a physiological response to climate

change. What makes the ideas in this book different is

that they are based on a consistent theory of the Earth—

Gaia—which has proven itself by successful predictions

and is beginning to be accepted as the conventional wis-

dom of Earth and life science. Do not suppose that con-

ventional wisdom among scientists is similar to consensus

among politicians or lawyers. Science is about the truth

and should be wholly indifferent to fairness or political

expediency.

When I criticize the IPCC consensus, I am most of all

criticizing the lack of wisdom among managers and politi-

cians who forced (I suspect unwilling) scientists to present

the conclusions of different national and regional climate

THE JOURNEY IN SPACE AND TIME
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centers this way. Just before completing this book, I read

Steve Schneider’s deeply moving recent work, A Patient

from Hell, about his long and painful but successful battle

with cancer. Schneider is one of the world’s leading climate

scientists, and he recalls in the book his part in a session at

the UN in Geneva during the development of the IPCC

Working Group II report of 2001, describing how the

good science presented at the session was manipulated un-

til it satisfied all of the national representatives present.

The book makes clear that the words used to express the

consequences of global heating were blurred until they

were acceptable to representatives from the oil-producing

nations, who saw their national interests threatened by the

scientific truth. If this is what the UN means by consensus,

scientific truth cannot be expected to come from its delib-

erations, and we are misled about the dangers of global

heating. This may also be why national governments and

international agencies are reluctant to fund observation

and measurement but ready to fund models. Measure-

ments by scientists are much harder to contest. It is said

that truth is the first casualty of war, and it seems that this

is also true of climate change. If I am more right than the

consensus, it alters profoundly the best course of individ-

ual and political action. Simply cutting back fossil-fuel

burning, energy use, and the destruction of natural forests

will not be a sufficient answer to global heating, not least

because it seems that climate change can happen faster

than we can respond to it, and it may be irreversible.

THE VANISHING FACE OF GAIA
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 Consider this: the Kyoto Agreement was made more than

ten years ago, and it seems that we have done little more to

halt climate change since then other than offer almost

empty gestures. Because of the rapidity of the Earth’s

change, we will need to respond more like the inhabitants

of a city threatened by a flood. When they see the unstop-

pable rise of water, their only option is to escape to higher

ground; it is too late for them to do anything else, as it is

for us to try to save our familiar world.

The concept of a living Earth is not easy to grasp, even

as a metaphor. I will try to explain it later in this book but

for now ignore dissimilarities such as that the Earth does

not appear to reproduce. The evidence that the Earth be-

haves like a living system is now strong. It can either resist

climate change or enhance it, and unless we take this into

account we can neither understand nor forecast the Earth’s

behavior. Keep in mind that it is hubris to think that we

know how to save the Earth: our planet looks after itself.

All that we can do is try to save ourselves.

Those of us who still walk in what was once the coun-

tryside sense that something is wrong or missing when we

see a modern agribusiness farm, with its fields full of

monoculture crops, and we feel the same about dark,

gloomy forestry plantations of conifers sown in regi-

mented ranks close together to maximize the quantity and

quality of the timber and the foresters’ gain. A few of us

find it terribly wrong when some jewel of coastline or rural

scenery is debased by plantations of giant industrial-scale
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wind turbines. Yet if we go to untouched forest, desert, or

indeed any place on Earth where things still grow in dy-

namic coexistence, we find it beautiful but scary, a place

that alerts our sense of danger. The extrovert explorer in

his bush hat will say, “Nonsense, I have spent much of my

life in the wilderness and never felt threatened.” He forgets

that he also wears snake boots, and his kit carries water-

sterilizing tablets and anti-malarial pills. Make no mistake,

our instinctive fear of the wild is sound: wholly natural

places are as inimical to innocent city folk as is the land-

scape of an alien planet infested by monsters. Forms of life

from microorganisms to nematodes to invertebrates to

snakes, tigers, and, of course, other humans—all these liv-

ing things are potentially dangerous to us should we settle

near them. No wonder early man set aside his fields from

nature and gradually became a farmer, seeing all life other

than livestock, crop plants, hired help, and kinfolk as ma-

lign. Later we built cities—fortresses—to keep us safe from

wildlife and to overpower the countryside, making it serve

our needs for food, fuel, minerals, and building materials.

There is nothing unnatural about this evolution. Termites

and other social animals have done it in their way, too.

Where we differ from all that came before is that we es-

caped the causes of early death, predation, famine, and dis-

ease—the things that once frightened us. Now we have

multiplied and expanded our cities, and so filled them that

we overfill the Earth and make Malthus’s nightmare real,

despite our greatly increased capacity to sustain ourselves,

THE VANISHING FACE OF GAIA
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which he had not foreseen. The natural world outside our

farms and cities is not there as decoration but serves to

regulate the chemistry and climate of the Earth, and the

ecosystems are the organs of Gaia that enable her to main-

tain our habitable planet.

You think I exaggerate—but when did you last sit down

on warm, grassy bank in the sun and smell wild thyme, or

see the oxlip and a nodding violet? I bet it was a long time

ago, if ever. Shakespeare could do it when he lived in Lon-

don because such a grassy bank was only a walk away

from his home, and when I was a boy living in South Lon-

don eighty years ago the tram would take me to such a

bank in thirty minutes; now it is almost an impossibility.

The city and its agricultural hinterland is nearly every-

where, and it is so large.

Should this seem a somewhat parochial English percep-

tion of the changing Earth, it is a matter of geography, not

of tribal prejudice. As the climate crisis worsens, the entire

world will be affected, but in different ways. Sir John

Houghton reminded us in his book Global Warming, pub-

lished in 2004, that the greatest climate changes would be

seen in the polar regions. First the floating ice will melt,

and then the ice caps of Greenland and Antarctica will

erode; the consequences of these Arctic and Antarctic cli-

mate changes will be added heat and rising sea levels for

the whole Earth, and then we will all feel the change. Ex-

cept for those tropical places where mountains are close to

a warm ocean and bring rain, greater heat means drought
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and a fatal loss of food production. Hot weather brings

more rain, but it runs off in flash floods or evaporates so

quickly that it is far less use to growing plants than is the

gentle drizzle that falls on a cool land such as Ireland. For

the continental areas where most of us live in the northern

and southern hemispheres, the droughts of summer will in-

tensify. In the United States, memories of the 1930s Dust

Bowl will be revived. Australia has already suffered eleven

years of continuous drought; Europeans will recall the aw-

ful summer of 2003; and in China, Africa, and Southern

Asia famine is a familiar enemy. Like the foot of an ele-

phant on an anthill, global heating will crush life from the

continental plains.

What will it be like in a few years’ time? We saw that in

2007 the Earth passed a significant milestone when the

area of floating Arctic ice that melted in the summer was

about 3 million square kilometers greater than usual, an

area thirty times larger than England. Despite the heat ab-

sorbed, the global temperature did not rise; in fact it fell

slightly, perhaps because to melt ice it takes eighty-one

times as much heat as to raise the same quantity of water

one degree. This property of ice is called its “latent heat.”

You can see this yourself by making a near full cup of tea

with boiling water. It will be too hot even to sip. Adding

cold water to cool it quickly rarely works; but add a single

ice cube and it will be cool enough to drink in a few sec-

onds. In a few more years all that floating ice may go, and

then the sun will be free to heat the dark Arctic Ocean. No
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longer will it have the Sisyphean task of trying to melt

white, reflecting ice that rejects 80 percent of the sunlight it

receives so that to melt it consumes most of the radiant en-

ergy that would otherwise warm the ocean. Keep in mind

the fact that before the climate can return to its pre-indus-

trial state, all the melted ice has to be frozen again, and

this means repaying the latent-heat debt of the ice. The

American scientist Wally Broecker warns in his new book,

Fixing Climate, written with Robert Kunzig, of potentially

devastating global climate change consequent upon small

changes in the Arctic climate.

Some parts of the world may escape the worst. The

northern regions of Canada, Scandinavia, and Siberia,

where not inundated by the rising ocean, will remain hab-

itable, and so will oases on the continents, mostly in

mountain regions where rain or snow still fall. But the

more important exceptions to this planetwide distress will

be the island nations of Japan, Tasmania, New Zealand,

the British Isles, and numerous smaller islands. Even in the

tropics, global heating may not disable island communities

such as those on the Hawaiian Islands, Taiwan, or the

Philippines. The British Isles and New Zealand will be

among the least affected by global heating. Their temper-

ate oceanic position is likely to favor a climate able to sus-

tain abundant agriculture. They will be among the

lifeboats for humanity. For the nations that occupy the

continents, all may depend on their population density.

The United States and the Russian states are singularly
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 fortunate in having densities eight and thirty times less

than the UK, respectively, and both contain vast areas of

previously frozen territory in their northern regions. The

Indian subcontinent, China, and Southeast Asia, however,

are fully populated, and nations like Bangladesh are al-

ready threatened by rising sea level.

The human world of the lifeboat islands and continental

oases will be constrained by limited food, energy, and liv-

ing space. The ethics of a lifeboat world where the impera-

tive is survival are wholly different from those of the cozy

self-indulgence of the latter part of the twentieth century. I

cannot help wondering how we will manage—how those

of us who live on the more desirable parts of the Earth will

decide whom among the thirsty will be allowed to enter.

We in the UK have little land left to farm and feed our-

selves, but we and the refugees may in any case not be able

to do so because the majority of us are urban, caring little

for the world outside the city and not understanding that

all our lives depend upon it. The high-sounding and well-

meaning visions of the European Union of “saving the

planet” and developing sustainably by using only “nat-

ural” energy might have worked in 1800 when there were

only a billion of us, but now they are a wholly impractical

luxury we can ill afford. Indeed, in its way the environ-

mentalist ideology that now seems to inspire Northern Eu-

rope and the United States may be in the end as damaging

to the real environment as were the previous humanist ide-

ologies. If governments persist in forcing through impracti-
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cal and expensive renewable energy schemes, we will soon

discover that much of the countryside has become the site

for fields planted with biofuel crops, biogas generators,

and industrial-sized wind farms—all this when land is

wholly needed to grow food and more importantly to sus-

tain a habitable climate and chemical composition. Don’t

feel guilty about opting out of this nonsense: closer exami-

nation reveals it as an elaborate scam in the interests of a

few nations whose economies are enriched in the short

term by the sale of wind turbines, biofuel plants, and other

green-sounding energy equipment. Don’t for a moment be-

lieve the sales talk that these will save the planet. The sales-

men’s pitch refers to the world they know, the urban

world. The real Earth does not need saving. It can, will,

and always has saved itself, and it is now starting to do so

by changing to a state much less favorable for us and other

animals. What people mean by the plea is “save the planet

as we know it,” and that is now impossible.

I think it unlikely that serious harm can come from the

small-scale use of biofuels made from agricultural waste,

recycled cooking oil, or a modest harvest of ocean algae.

But planting crops of sugarcane, beetroot, maize, oilseed

rape, and other plants solely for fuel production is almost

certainly one of the most harmful acts of all. The trouble

with mankind is, as William James said, “Man can never

have enough without having too much.” Once biofuel is

used to keep our cars and trucks moving, we will try to

grow it globally, with appalling consequences. To give
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some idea of the scale already involved, consider the en-

ergy legislation enacted in 2007 in the United States, which

envisages some $170 billion for biofuel refineries and their

infrastructure. Brent Erikson, of the Biotechnology Indus-

try Organization (BIO) said, “We are at the point where

we were in the 1850s when kerosene was first distilled,”

and he went on to say that the new law requires the pro-

duction of 36 billion gallons of ethanol fuel from corn ker-

nels by 2022. It is clear from Mr. Erikson’s statements and

from what is now happening in Brazil and from the Euro-

pean intentions that biofuels are not some harmless cot-

tage industry; they are big business as usual. How long

before we become dependent upon biofuel to run our

trucks and cars?

Does America understand the threat of global heating?

Few would doubt that the United States is at present the

top nation for science and invention, and what better

proof than the computer that sits on all our desks and ful-

fills at the very least the work previously done by an audio

typist. The United States has played a major role in its evo-

lution. If this alone were not enough, we have the landings

on the Moon, the exploration of Mars, and the fleets of

amazingly intricate satellites from the Hubble telescope to

those that tell you exactly where you are anywhere in the

world. All this and much more is a tribute to American

know-how and its can-do attitude. Even Gaia theory was

discovered in the fertile environment of the Jet Propulsion

Laboratory in California, and the one biologist who under-
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stood it and developed it further was that eminent Ameri-

can scientist Lynn Margulis. Of course, advances in science

and technology emerged in Europe in the Middle Ages and

moved its center of excellence among the nations. In com-

puter technology and theory Babbage, Ada Lovelace, and

that most tragic of men Alan Turing all did the ground-

work in the UK. Turing was the one who with his group

built the first serious computing device and used it to de-

convolute the otherwise unbreakable code of our wartime

enemies. But that was then. Now America is at the center

of science.

I make this paean of praise to the United States of Amer-

ica because I am puzzled that, despite its scientific excel-

lence, this of all nations was among the slowest to perceive

the threat of global heating. I doubt that this unexpected

ignorance is connected with the fact that the per capita

American use of fossil fuel—one source of climate dam-

age—is greater than anywhere else. I see it as more the

consequence of most American scientists, in their straight-

forward successful and reductionist way, seeing the Earth

as something that they could improve or manage; they

seemed to see it as no more than a ball of rock moistened

by the oceans and sitting within a tenuous sphere of air.

They even seemed to see Mars as a planet to be developed

when the Earth is no longer habitable. They do not yet see

the Earth as a live planet that regulates itself.

They fail to see that because the Earth was colonized by

life at least three and a half billion years ago, its temperature
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and surface composition have been set by the preferences of

whatever organisms made up the biosphere. This was true

in the cold of the ice ages, it is true now, and will be true in

the heat of the hot age soon due. Of course the physics and

chemistry of the air are important in the  understanding of

climate, but the manager of climates is and has always been

Gaia, the Earth system of which the  biosphere is a part. The

disastrous mistake of  twentieth-century science was to as-

sume that all we need to know about the climate can come

from modeling the physics and chemistry of the air in ever

more powerful computers, and then assuming that the bios-

phere merely responds passively to change instead of realiz-

ing it was in the driving seat. Because we acknowledged the

leadership of America in science, most of the world took its

mistaken view as true. Almost too late, leading scientists

worldwide are realizing that real observations and measure-

ments falsify the twentieth-century view of the Earth as a

passive resource. It may be good enough for weather fore-

casts, but it is not good enough to foresee the climate

decades from now.

The quality of individual professional scientists in Amer-

ica is unmatched, and it is they who are accurately observ-

ing the global environment: the names of Ralph Keeling

and Susan Solomon come immediately to my mind, but

there are many others in the same rank in NASA, the Na-

tional Oceanic and Atmospheric Administration (NOAA),

and the university science departments. America also re-

deems itself though the powerful messages from Al Gore,
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Jim Hansen, and Steve Schneider. Their words make us all

aware how serious global heating is, but with the excep-

tion of E. O. Wilson, Schneider, Robert Charlson, and a

few other Earth scientists, the majority still shy away from

the difficult concept of a live Earth. Our proper responses

and actions to prevent, or more likely escape the worst,

still require that science embraces this concept and aban-

dons the sterile ideas of mainstream Earth and life science.

A change of view is emerging in the United States and may

reestablish its leadership in this vital part of science.

Perhaps scientists should be conscripted to serve as was

done in the Second World War, and by this I do not mean

for something resembling the Manhattan Project alone. In

the UK there was a tectonic shift in attitudes among scien-

tists during the war. I well recall being interviewed for my

first job as a new graduate in June 1941 at the National In-

stitute for Medical Research, then in Hampstead, North

London. The interviewer was the director of the Institute,

Sir Henry Dale; he was also president of the Royal Society

and a recipient of the Nobel Prize. He was a formidable in-

tellect and a kindly man with a very direct manner. Among

his first words to me were, “Put aside all thoughts of doing

science here—science is suspended for the duration of the

war; all I have to offer are ad hoc problems that need solv-

ing today or better yesterday.” He then added, “After the

war we will get back to real science, and it will have been

worth the wait.” Of course Sir Henry was wrong. The war

provided fertile ground for real science when the slow
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pedestrian peacetime research was put aside. I found

wartime science enthralling and stimulating and when

peace came was appalled by the return to the pursuit of

personal aggrandizement and the loss of the sense of won-

der that so mars modern science. Remember, penicillin was

first developed during the war and the whole concept of

antibiotics born. Remember also when you use your mi-

crowave that the magnetron at its heart was invented by

Boot and Randal in the 1940s to improve wartime radar.

Radar research led directly to radio astronomy and a new

enlightenment about the universe. In Germany, the pres-

sures for wartime invention led von Braun to develop the

rockets that were the basis of the space science that enables

us now to take Earth-orbiting satellites for granted and to

see planetary exploration by robot vehicles as an afford-

able luxury.

Politicians of the developed world acknowledge climate

change, but their policies still appear to be those of the

twentieth century, based on the advice of environmentalist

lobbyists and those of the business community who see

massive short-term gain from subsidized energy schemes.

They rarely seem to act on the recommendations of their

science advisors. At Bali, political leaders agreed to cut all

carbon emissions by 60 percent by 2050. What on Earth

made them think that they could make policy for a world

more than forty years ahead? Policies based on unjustifi-

able extrapolation and environmental dogmas are unlikely

to avert climate change, and we should not even try to
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 implement them. Instead our leaders should immediately

concentrate their minds on sustaining their own nations as

a viable habitat; they could be inspired to do this not just

out of selfish national interest but also as captains of the

lifeboats that their nations might become. Governments

are reluctant to support nuclear energy, even though it is

by far the most effective way to reduce the emission of car-

bon dioxide, but that is not the most important reason for

us to emulate France and make electricity from uranium.

What is important is that cities demand a constant and

economic supply of electricity, which until recently has

come from coal and gas, but these are now declining and

leave no alternative to nuclear energy. Huge flows of elec-

tricity will be demanded by the mega-cities that are start-

ing to emerge, and this can only be met in the near term by

a vigorous and rapid expansion of nuclear energy. In Eu-

rope this need is intensified by the fact that they have little

land on which to grow food, and intensive agriculture

needs abundant energy. As oil runs out, fuel for the mobile

machinery of construction, transport, and agriculture will

have to be made synthetically. This is not difficult to do

from coal or nuclear energy, but we need to start preparing

for it now. We may even have to consider the direct synthe-

sis of food from carbon dioxide, nitrogen, water, and tissue

culture.

There will be a flood of anti-nuclear energy disinforma-

tion from energy companies whose profitability is threat-

ened and even from nations who see their power and
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influence lessened. Do not believe such tales that the con-

struction of a new nuclear power source takes ten to fifteen

years. Construction takes the French less than five years,

and there is no reason why it should take longer—the de-

lays are caused by the excessive time spent in planning

agencies, courtrooms, and at public hearings. I hope that

the environmentalists and their attendant lawyers do not

continue their mistaken opposition to nuclear energy.

Most of it is irrational and based on an unsustainable con-

catenation of mistakes and misinformation that are ampli-

fied by the media. It would be good if journalists and

editors tempered their desire to tell a scary story with the

reality that without an ample supply of nuclear energy life

in many places may in one or two decades decline to a

state of poverty. By putting humanity first, and neglecting

Gaia, too many environmentalists have sown the seeds of

their own destruction and, if they persist, ours as well; they

could mitigate their error by dropping their delaying tac-

tics against nuclear energy. More importantly, they would

then be helping to power the lifeboat not, as now, sabotag-

ing its engine.

It is absurd to think that we can alter the Earth’s re-

sponse in our favor by using wind or solar voltaic energy

at its present stage of development. A wind farm of twenty

l mega-watt turbines requires more than ten thousand tons

of concrete. It would require two hundred of these wind

farms covering an area of one thousand square miles to

equal the constant power output of a single coal-fired or
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nuclear power station. Even more absurd, a full-sized nu-

clear or coal-fired power station would have to be built for

each of these monster wind farms to back up the turbines

for the 75 percent of time when the wind was either too

high or too low. As if this were not enough to damn wind

energy, the construction of a 1 giga-watt wind farm would

use a quantity of concrete, 2 million tons, sufficient to

build a town for one hundred thousand people living in

thirty thousand homes; making and using that quantity of

concrete would release about 1 million tons of carbon

dioxide into the air. For us to survive as a civilized nation,

our cities need that safe, secure, and constant supply of

electricity that only coal, gas, or nuclear can provide, and

only with nuclear can we be assured of a constant supply

of fuel. We have already seen how vulnerable gas supplies

are to the continued integrity of pipelines perhaps a thou-

sand miles long, and to the aggressive politics of autocrats.

You will soon discover the cost of alternative energy

schemes when your electricity bills and taxes rise to pay

for renewable energy you did not order. Your money will

provide easy profits to be taken from tax breaks or the

subsidy trough. These bills are imposed upon us so that

politicians can appear environmentally friendly and good

and some nations and industries grow richer. It does noth-

ing for the Earth.

The most frequent response from my environmentalist

friends to the grim message in my last book was: “You

can’t say things like that. It gives us nothing to hope for.”
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This was a good criticism, which helped to clear my mind

and let me understand why messengers are said to have a

short lifespan. I realized that I had said much about the im-

minent catastrophe but too little about how we could try

to ensure our continued presence on the Earth, giving our

descendants a chance in the hot world that soon may

come. We are the intelligent elite among animal life on

Earth and whatever our mistakes, Gaia needs us.

This may seem an odd statement after all that I have said

about the way twentieth-century humans became almost a

planetary disease organism. But it has taken Gaia 3.5 bil-

lion years to evolve an animal that can think and commu-

nicate its thoughts. If we become extinct, she has little

chance of evolving another. I will enlarge this thought later

in the book.

When I am warned that my pessimism discourages those

who would improve their carbon footprint or do good

works such as planting trees, I’m afraid I see such efforts

as at best romantic nonsense, or at worst hypocrisy. Agen-

cies now exist that allow air travelers to plant trees to off-

set the extra carbon dioxide their plane adds to the

overburdened air. How like the indulgences once sold by

the Catholic Church to wealthy sinners to offset the time

they might otherwise spend in purgatory. Thirty years ago

I foolishly planted twenty thousand trees, hoping to re-

store to nature the farmland I had bought. I now realize it

was a mistake: I should have left the land untouched and

let an ecosystem, a natural forest, emerge filled with bio -
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diverse and abundant life, in Gaia’s own time. Unlike a

mere plantation, such a forest could evolve, or die if it had

to, as the climate changed. Planting a tree does not make

an ecosystem any more than putting a liver in a jar fed

with blood and nutrients makes a man.

I hope that Tim Flannery’s fine book, The Weather Mak-

ers, and my last book, The Revenge of Gaia, achieved

some of their purpose. Both were intended as wake-up

calls like that once-heard cry of pub landlords, “Last or-

ders. Time, gentlemen, please!”—a warning that soon the

doors would close and we would be cast into the weather

outside. I hope that a sufficient number of us are now

aware that the lush and comfortable world that once we

knew is departing forever. But I fear that we still dream on

and, rather than waking, we weave the sound of the alarm

clock into our dreams.

Perhaps we are not aware of how fast the world is

changing because we are so adaptable. If the average tem-

perature in the UK in January is 45 ºF, it feels cold most of

the time, and the natives wrap up on frosty mornings or

when a bleak northwest wind blows. They mutter, where is

the global warming now? In the summer it averages 68 ºF

in July and they enjoy a week with maximum temperatures

of 86 ºF, but grumble if it falls to 59 ºF for as long. Yet

only twenty years ago, these winter and summer tempera-

tures would have registered as unseasonably warm. The

rainfall of the United Kingdom’s eastern counties has al-

ways been low, in the region of twenty inches per year, but
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they were always lush and green because it stayed cool

during the summer. By contrast, Arizona, which has a sim-

ilar rainfall, is almost entirely scrub and desert simply be-

cause it is so much hotter, and the rain that falls dries up or

runs off into channels before the plants can benefit. Our

most southeasterly county, Kent, is already growing short

of water, and Southern Europe is now almost a desert.

Adapting, as individual animals, is not so hard to do: when

a tribe moves from temperate to tropical regions it only

takes a few generations before individuals darken as selec-

tion eliminates the fair-skinned. So it is with all of us: our

world has changed forever, and we will have to adapt, and

to more than climate change. Even in my lifetime, the

world has shrunk from one that was vast enough to make

exploration an adventure and included many distant

places where no one had ever trod. Now it has become an

almost endless city embedded in an intensive but tame and

predictable agriculture. Soon it may revert to a great

wilderness again. To survive in this new world we need a

Gaian philosophy, and to prepare ourselves to fight a bar-

barian warlord out to seize our territory and us.

Apart from the occasional, disastrous hurricane, flood,

excessive heat wave, or wholly unexpected frost, the cli-

mate will change slowly and imperceptibly at first. People

in the cities like of Europe and North America will forget

that, even in days of wealth not so many years ago, air-

conditioning was almost never needed in the summer. In

the short term, nothing much is likely to happen with the
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climate that would stir a rebellion. What might do so are

the disastrous consequences of sea-level rise, leading to the

destruction of a major city or the failure of food or elec-

tricity supplies. These dangers will be aggravated by the

ever-growing flux of climate refugees. Our gravest dangers

are not from climate change itself, but indirectly from star-

vation, competition for space and resources, and war.

In a small way the plight of the British in 1940 resembles

the state of the civilized world now. At that time we had

had nearly a decade of the well-intentioned, but quite

wrong belief that peace was all that mattered. The follow-

ers of the peace lobbies of the 1930s resembled the envi-

ronmentalist movements now; their intentions were more

than good but wholly inappropriate for the war that was

about to start. The fundamental flaw of the environmen-

talist lobbies now is revealed in the name Greenpeace; by

conflating the humanism of peace movements with envi-

ronmentalism they unconsciously anthropomorphize Gaia.

It is time to wake up and realize that Gaia is no cozy

mother that nurtures humans and can be propitiated by

gestures such as carbon trading or sustainable develop-

ment. Gaia, even though we are a part of her, will always

dictate the terms of peace. Back in May 1940, we in the

UK woke to find facing us across the Channel a wholly

hostile continental force about to invade. We were alone

without an effective ally but fortunate to have a new

leader, Winston Churchill, whose moving words stirred the

whole nation from its lethargy: “I have nothing to offer
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but blood, toil, tears, and sweat.” We all need modern

Churchills to lead us from the clinging, flabby, consensual

thinking of the late twentieth century and to bind our na-

tions with a singleminded effort to wage a difficult war. We

need a leader who will stir us all but especially to stir those

young environmentalists who so bravely protested against

all forms of desecration of the countryside and wilderness.

Where are the “Earth First” battalions now?

What has most moved me during the writing of this

book is the thought that we humans are a vital part of

Gaia, not through what we are now, but through our po-

tential as a species to be the progenitors of a much better

animal. Like it or not we are now, its heart and mind, but

to continue to improve in this role we have to ensure our

survival as a civilized species and not revert into a cluster

of warring tribes that was a stage in our evolutionary his-

tory. I am stirred by the thought that the Earth system,

Gaia, has existed for more than a quarter the age of the

universe and it has taken this long for a species to evolve

that can think, communicate, and store its thoughts and

experiences. As part of Gaia, our presence begins to make

the planet sentient. We should be proud that we could be

part of this huge step, one that may help Gaia survive as

the sun continues its slow but ineluctable increase of heat

output, making the solar system an increasingly hostile fu-

ture environment. We have to do all that we can, and

Chapter 5 is about the ideas now circulating among scien-

tists and engineers that might reverse climate change. So
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far they are untried, uncertain, and conceivably dangerous,

somewhat like medicine and surgery in the nineteenth cen-

tury. If we can keep civilization alive through this century

perhaps there is a chance that our descendants will one day

serve Gaia and assist her in the fine-tuned self-regulation of

the climate and composition of our planet.

We have enjoyed twelve thousand years of climate peace

since the last shift from the glacial age to an interglacial

one. Before long, we may face planetwide devastation

worse even than unrestricted nuclear war between super-

powers. The climate war could kill nearly all of us and

leave the few survivors living a Stone Age existence. But in

several places in the world, including the UK, we have a

chance of surviving and even of living well. For that to be

possible we have to make our lifeboats seaworthy now.

Even if some natural event such as a series of large volca-

noes or a decrease of solar radiation reprieves us, it still

will have been better to spend our money and our efforts

making our countries self-sufficient in food and energy

and, if we are to become wholly urban, then in making

them cities that we are proud to live in.
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2

The Climate Forecast

In the last chapter I made some strong statements about

the future climate and its consequences for us all. You may

well ask with what authority I make them. Why should

you read—much less believe—a lone scientist, when the

consortium of most of the world’s climate professionals,

the IPCC, appear to express a much milder consensus on

climate change. My qualifications are listed in my auto -

biography, Homage to Gaia, but what makes my forecast

of future climate different is not simply a matter of dis-

agreement among scientists, although that is normal and

healthy enough; why I speak out so strongly and talk of

catastrophe is because I am a scientist influenced by evi-

dence coming from the Earth and viewed through Gaia

theory. I work independently, and I am not accountable to

some human agency—a religion, political party, or com-

mercial or government agency. Independence allows me to
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consider the health of the Earth without the constraint that

the welfare of humankind comes first. This way I see the

health of the Earth as primary, for we are utterly depen-

dent upon a healthy planet for survival. What inspired me

to write this book was hearing in the autumn of 2007 that

the IPCC had reached a consensus on future climate. I

know and respect the scientists of the IPCC, and several of

them are personal friends, but I was shocked to hear that

they had reached a consensus on a matter of science. I

know that such a word has no place in the lexicon of sci-

ence; it is a good and useful word, but it belongs to the

world of politics and the courtroom, where reaching a con-

sensus is a way of solving human differences. Scientists are

concerned with probabilities, never with certainties or con-

sensual agreement. (Lewis Wolpert’s book The Unnatural

Nature of Science is a fine introduction to these different

ways of thinking.) The IPCC is potentially the most effec-

tive link we have between climate science and human af-

fairs and policy: it was bad enough to see an honest

probabilistic set of model predictions presented as a con-

sensus, but when in addition I saw how greatly climate ob-

servations in the real world differed from the model

forecasts of the IPCC made a few years ago, I knew that I

had to speak out.

Moreover, it seemed that there was little understanding

of the great dangers we face. The recipients of the climate

forecasts, the news media, government departments, 

the  financial market—normally as skittish as blushing
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teenagers—and the insurance companies all seem relatively

unperturbed about climate change and continued with

business as usual until their world, the global economy, al-

most collapsed. Indeed the only noticeable change to nor-

mal life is the ever-growing urge to appear green, made

more difficult by the straitened circumstances brought on

by an incipient recession.

I wish that I had more confidence in our capacity to

forecast the climate of 2050. I remember too well the fore-

casts of the present day made in the 1960s. None of them

even glimpsed the climate changes that have already hap-

pened; indeed most thought an ice age more likely than

global heating. The best guesses at twenty-first-century life

shared the vision of that great prophet Herman Kahn, who

foresaw a benign hi-tech world with everyone living at the

standard of Scarsdale, the suburb he lived in near New

York, and if you look at the burgeoning middle class of In-

dia and China now, he was not far wrong. Kahn was good

at predicting the way the human world would go but

wholly ignorant about the Earth and the consequences of

the rapid growth of population, agriculture, and  energy-

intensive industry. As confident as Kahn, our politicians

now talk with conviction about a world in 2050 fit for 8

billion people living on Earth, which is four degrees hotter

with the temperature stabilized and emissions regulated. I

wonder if an Intergovernmental Panel on Economic

Change will be as sanguine about 2050? We deplore the

clever manipulators who “trash and cash” by short-selling
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a bank, but praise governments who provide subsidies for

the snake-oil remedies for climate ills and easy money for

the firms that sell them. We still seem to think that by mid-

century we will enjoy a well-run and comfortable world

under human management and stewardship. In the 1960s

we were wholly unaware that we inhabit a live planet

whose needs are in conflict with our own. It is too easy to

make guesses about the future when we all imagine that

life will be much the same as now but with a few interest-

ing or unpleasant details bolted on. That is why Kahn was

so successful. His clear message was this: carry on business

as usual and all will be well—just what we wanted to hear.

I see no significant change between his recommendations

and those of our politicians and their advisors now. They

hedge their bets with green-sounding invocations and aim

for sustainable development, but can this do more than the

prayers they offer in Parliament?

I am not a contrarian; instead I greatly respect the cli-

mate scientists of the IPCC and would prefer to accept as

true their conclusions about future climates. I do not enjoy

argument for its own sake, but I cannot ignore the large

differences that exist between their predictions and what is

observed.

In human affairs we know that “he who hesitates is

lost”; social scientists talk of “cognitive dissonance,” which

the composer of the phrase, Leon Festinger, defined as the

feeling of discomfort we feel when trying to hold two con-

tradictory ideas simultaneously and the urge to  reduce the
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dissonance by modifying or rejecting one of the ideas. It op-

erates when we choose between two almost equal objects

and having chosen, invest our choice with superlative ad-

vantage over the alternative so that we can happily reject it.

The decision process must be part of our genetic inheri-

tance; we need that certainty in human transactions. We

have to choose and then have faith in our choice; this ap-

plies to the jobs we take, how we vote, the purchases we

make, and the marriages to which we commit ourselves. It

applies also to a judge or jury, but it is worse than useless in

science. But scientists are human, and we never entirely es-

cape the pull of cognitive dissonance.

The range of forecasts by the different models of the

IPCC is so large that it is difficult to believe that they are

reliable enough to be used by governments to plan policy

for ameliorating climate change. It is a brave try at an ex-

ceedingly difficult scientific task, and probably we are ex-

pecting too much from them: it would be wrong to expect

the view of the panel to be truly authoritative. The main

reason for doubt is the fact that the forecasts do not agree

with high-quality evidence from the Earth obtained by sci-

entists whose job it is to measure and observe. This evi-

dence reveals the failure of the IPCC to forecast correctly

the course of climate change up to 2007, and I will present

it in detail shortly. Moreover, the long-term climate history

of the Earth reveals the existence of several stable but quite

different climate states, and present-day climate models do

not predict their existence. I trust the observations of the
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scientists who make measurements of the climate and,

equally, the all-seeing impersonal observations of the satel-

lites that tirelessly view the Earth from space and the auto-

mated ocean observers that continuously report the state

of the waters. But I have much less confidence in the mod-

els that forecast future climates. We should not expect cli-

mate models to be reliable—they have only recently

evolved from the short-term needs of weather forecasting

and are limited by a climate theory based almost wholly on

atmospheric physics, and even this is far from complete.

The science is good within its limitations, but a full under-

standing of the climate involves much more than atmos-

pheric physics alone. Discerning scientists at several of the

major climate centers are making serious efforts to build

climate models that are more comprehensive, but surely it

is unwise of governments to base policies looking more

than forty years into the future on forecasts made several

years ago by models acknowledged to be incomplete.

What is the evidence for thinking that the IPCC may be

underestimating the severity of climate change? In May

2007 a single-page paper was published in Science by a

group of authors, all prominent climate scientists (Rahm-

storf et al.). Figure 2.1 is taken from this paper to illustrate

their findings.

In the lower panel the broad gray zone indicates the

IPCC predictions of sea-level rise up until 2007, and the

upper solid line and set of connected points represents the

average and individual measurements of sea level from
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1970 until 2007. The measured sea level has risen 1.6

times faster than was predicted. Similar but lesser discrep-

ancies exist with the predictions of temperature, and these

are shown in the upper panel. The shaded zone is again the

IPCC’s range of predictions and the wandering line joining

the crosses (x) the observed global means temperature. The

discrepancy is not as great as that for sea level but still seri-

ous considering we are comparing the predictions with

what has actually happened.

To me the most important quantity is not the global

mean temperature, but how much extra heat the Earth has

absorbed from the sun. The global mean temperature is

like the current account balance, which inevitably varies

from day to day; the total heat absorbed is an indication of

the reserves.

Sea-level rise is the best available measure of the heat ab-

sorbed by the Earth because it comes from only two main

causes. The melting of glaciers on land and the expansion

of the ocean as it warms—in other words, sea level is a

thermometer that indicates the true global warming. Look

at Figure 2.1 again and note how the sea level progres-

sively rises but the mean global temperature fluctuates year

by year. Schneider tells me that a similar but more region-

ally discerning measure of the total heat absorbed is the

height of the atmosphere. Like the ocean, the air expands

as it warms.

The next contrary evidence comes from observations of

the area of the Arctic Ocean covered in summertime by

THE VANISHING FACE OF GAIA

42

0465015498-1.QXP:Perseus: 5.5 x 8.25  1/29/09  2:16 PM  Page 42



floating ice. In 1980 and previous years the area covered at

the end of September (when ice cover is least after a sum-

mer of melting) showed 10 million square kilometers of

ice, an area about as large as the United States. In 2007 it

had fallen to 4 million square kilometers. Figure 2.2 com-

pares the range of IPCC predictions with the observed de-

cline of floating ice. The discrepancy is huge and suggests

that if melting continues at this rate the summer Arctic

Ocean will be almost ice-free within fifteen years. The

IPCC prediction suggests that this is unlikely before 2050.
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The melting of floating ice does not significantly raise

sea level, as Archimedes could have advised had he been

asked, but it does make a difference to the quantity of heat

received by the Earth from the sun. White, snow-covered

ice reflects 80 percent of the sunlight back to space, but

dark seawater reflects only 20 percent of the sunlight that

strikes it. The extra heating of the Arctic basin if all the

floating ice melted would be 80 watts per m2, which aver-

aged over the whole Earth is an increase of one watt per

m2. This is a truly serious increase of the Earth’s heat load.

To put it in perspective, the extra heat that will be ab-

sorbed when the floating ice has gone is nearly 70 percent

of the heating caused by all of the carbon dioxide pollution

now present.

The third piece of evidence comes from an article by Jef-

frey Polovina in Geophysical Research Letters, published

in 2008. He and his co-workers reported satellite observa-

tions of the ocean areas of the Earth from space that

showed a progressive decline in the population of ocean al-

gae. The authors comment that the barren area of ocean

has increased by 15 percent in the past nine years and that

this is a consequence of global heating that has made the

surface waters warmer and less well mixed with nutrient-

rich waters below. Algal growth acts to cool the Earth by

several mechanisms, including the removal of carbon diox-

ide from the air, so that warming reveals yet another posi-

tive feedback on global heating. In a 1994 Nature paper,

the American scientist Lee Kump and I made a geophysio-
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logical model of this phenomenon and warned of its inher-

ent positive feedback on global heating. So far as I am

aware, this phenomenon is not yet included in their models

by climate professionals. But it is now an established fact

of observation and another prediction from Gaia theory

that has passed its test.

If we are failing to predict what has already happened,

how can we have confidence in predictions for forty or

ninety years from now? Yet political action and govern-

mental initiatives to combat climate change all seem to as-

sume that the IPCC is at least making reliable educated

guesses.

In addition to the discrepancies between modeling and

observations, Gaia theory predicts a different course of cli-

mate change consequent on carbon dioxide pollution. This

theory is acknowledged, but not yet used in practice by cli-

mate scientists, usually because they are not yet ready for

it; in some ways they are like students of mathematics who

realize the value of calculus but are not yet trained to use

it. As a consequence, climate scientists, even when they ac-

knowledge the Earth’s vitality, still act as if it were a dead

planet like Mars or Venus because such planets are so

much easier to model.

Professional scientists are usually specialists trained in a

specific discipline or groups of disciplines. Nearly all of cli-

mate science is in the territory of atmospheric physics.

These physicists sail huge climate models residing in pow-

erful computers, as large and unwieldy in many ways as
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the ironclad battleships of past centuries. Fortunately the

ships’ captains are brave meteorologists and have proven

themselves at one of science’s sharp ends: weather forecast-

ing. Few other scientists have their mistakes subject to so

discerning and public a post-mortem as weather forecast-

ers. You all know how impenetrable is the set of programs

running your desk computer or laptop. Just imagine what

a general circulation climate model must be like if it needs

a computer one thousand times more powerful than the

one on your desk.

It is as easy to be lost in the vast intricacies of computer

models as it is in a battleship. I once had the misfortune to

be lost in the bowels of a large warship and remember

with dismay the endless passageways, watertight doors,

and vertical ladders that linked the compartments of the

ship’s interior. These ships have become three-dimensional

mazes so intricate that it is rumored that dubious denizens

have made within them no-go areas for themselves. The

IPCC model fleet led by Admiral Pachauri sails forth on a

wholly alien sea. As is often the way in wars, their battle-

ships (being models of the climate war) are already out-

dated but not yet complete; the constructors are still

aboard and some of them mutter, “They really should have

built something quite different,” but there is little that they

or the admiral can do. The atmosphere, whose physics

they model, is not some simple gift of the Earth’s geologi-

cal past; it is, apart from about 1 percent of the so-called

rare or noble gases, entirely the product of living orga-
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nisms at the surface. Much worse, these organisms, and

that includes humans, are able to change their inputs and

outputs of gases without letting the admiral know. Today’s

allies, the microorganisms of the soil and ocean who help

to cool the climate, can become tomorrow’s enemies and

add carbon dioxide instead of removing it. Moreover, the

air normally, that is before we humans started changing it,

was kept dynamically at a constant composition and one

that sustained a habitable climate.

The background planetary science that should be the ba-

sis for professional climatology has been in a state of flux

and conflict for at least two hundred years. Many natural

philosophers from the nineteenth century and earlier real-

ized there was a link between life and the material Earth,

but even Erasmus Darwin, T. H. Huxley, and V. Vernadsky

did not go much further than anecdotal speculation.

Proper science, which is the building of testable hypothe-

ses, did not happen in this field until the twentieth century

when the recognition of links between life at the surface

and in the ocean led the great but insufficiently recognized

scientists G. E. Hutchinson, A. C. Redfield, and Lars Sillen

to research the biochemistry of the ocean and land surface.

And, quite naturally, they called their science biogeochem-

istry and established it as a separate discipline, one now

prominent in European science. It is important to note that

biogeochemistry, like biochemistry in medical science, is

not a systems science. It is not a physiology of the Earth,

and few biogeochemists would be happy to think of the
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Earth as in any way alive. For those unfamiliar with the

niceties of scientific naming, the last science in a compound

name of that kind is usually the leader, thus biochemists

and biogeochemists are chemists by training who are

working with life and its products, and biophysics is done

by physicists working on biological subjects.

Geophysiology, the discipline of Gaia theory, had its ori-

gins in the 1960s Gaia hypothesis. Geophysiology sees the

organisms of the Earth evolving by Darwinian natural se-

lection in an environment that is the product of their an-

cestors and not simply a consequence of the Earth’s

geological history. Thus the oxygen of the atmosphere is

almost wholly the product of photosynthetic organisms,

and without it there would be no animals or invertebrates,

nor would we burn fuels and so add carbon dioxide to the

air. I find it amazing that it took so long for biologists even

grudgingly to acknowledge that organisms adapted not to

the static world conveniently but wrongly described by

their geologist colleagues, but to a dynamic world built by

the organisms themselves.

Because of this convenient and very human separation of

Earth’s climate problem into the provinces of separated

specialties, hardly any scientist sees it as a whole topic in-

volving all the Earth, including humans, living organisms,

the ocean, atmosphere, and surface rocks. Most of all the

separation prevents them seeing the Earth as a dynamic in-

teractive system or, as I would put it, somehow alive. Sci-

entists, you see, would rather go on doing what they were
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trained to do as specialists—their business as usual—than

go back and take on the near impossible task of learning at

least two other major branches of science. It would not be

so bad were there more general practitioners to interpret

between them.

The eminent climate scientist James Hansen, head of

NASA’s Goddard Institute for Space Studies in New York,

has called for a far greater reduction in carbon dioxide

than recently proposed by the European Union (EU).

Hansen stated that the 550 parts per million (ppm) upper

limits proposed by Europe is far too high and that it

should be as low as 350 ppm if humanity wishes to keep a

planet similar to the one on which civilization developed.

His strong statements are based on recent observations

and on the Earth’s climate history and, although he does

not say it explicitly, I think he realizes that models based

on atmospheric physics alone are unable to predict the fu-

ture climate.

A simple model (illustrated in Figure 2.3) based on Gaia

theory confirms Hansen’s view and suggests a very differ-

ent climate progress to that of the IPCC.

The figure illustrates the predictions of temperature

change on a simple model planet. The planet is assumed

to orbit the sun at the same distance as the Earth and is in-

habited by two main ecosystems—algae in the oceans and

plants on the land. The change of temperature as carbon

dioxide abundance increases is determined in the model

by the equations linking plant and algal growth with
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FIGURE 2.3 Climate change on the model planet described
in the text as the carbon dioxide of its atmosphere is
progressively increased. The lower panel illustrates the
changes in ocean algae and land plant area and the carbon
dioxide abundance. The upper panel shows the global
temperature change in degrees Celsius and the sensitivity of
the model (the rate at which the temperature increases as
carbon dioxide is increased).
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 temperature and equations linking their presence with the

carbon dioxide and clouds in the atmosphere. Geophysics

as well as biology is equally important in the model. In

particular, ocean physics determines that warm surface

water separates and floats on the cooler waters below at

temperatures greater than about 54 ºF and so denies the

algae the nutrients needed for growth. On the land at tem-

peratures above about 75 ºF, rainwater evaporates rapidly

enough to leave the land dry in between rainstorms. These

two physical properties of bulk water set the upper tem-

perature limit to plant and algal growth in their local envi-

ronments. The model is a mix of highly nonlinear

differential equations, but the strong feedbacks both nega-

tive and positive that link the biosphere to the atmos-

pheric composition and climate constrain the evolution of

the model and entirely avoid excursions into chaos; even

so it is a dynamic not an equilibrium model. In this con-

text something dynamic is alive whereas something at

equilibrium is dead, like the difference between a living

person and a stone statue. Both can stand upright but the

person does so actively and would collapse if dead.

Although very simple, this kind of model is used by cli-

matologists to diagnose the behavior of larger climate

models, but the one shown is unusual in the extent to

which life on the planet is linked with the climate.

I made an experiment with this model world to see what

would happen if carbon dioxide were added as we are now

doing to Earth. I found that as the carbon dioxide was
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added, at first the global temperature changed only slightly

and this was because the system was in negative feedback

and resisted the perturbation, but as the carbon dioxide

abundance approached 400 ppm in the air, signs of insta-

bility appeared, shown by the amplification of small tem-

perature fluctuations. It is important to recognize that

dynamic self-regulating systems such as you, the Earth, or

me will, if sufficiently stressed, change from stabilizing

negative feedback to destabilizing positive feedback. When

this happens they become amplifiers of change. As ampli-

fiers they do not distinguish between heating and cooling

so that a small decrease of heating has a larger effect than

might be anticipated and can cause a noticeable drop in

temperature. Then suddenly, between 400 and 500 ppm of

carbon dioxide, a small increase of heat or carbon dioxide

causes a sudden nine-degree rise of temperature. After that

the model planet stabilizes again and resists further in-

creases of carbon dioxide. The Earth’s atmospheric green-

house is now well above 400 ppm (carbon dioxide is near

390 ppm but methane, nitrous oxide and the CFCs lift the

total effect to nearer that of 430 ppm carbon dioxide).

The experiment also included the sudden removal of all

the added carbon dioxide soon after the hot state had been

reached. Despite the carbon dioxide falling to 280 ppm the

model planet stayed in its hot state. If this model resembles

the real Earth, then it suggests that stabilization is only

possible on Gaia’s terms at five degrees hotter than now, or

at the previous stable climate about two hundred years ago
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in pre-industrial times, or the seven degrees cooler of a

glaciation.

This model experiment also raises the question of the va-

lidity of the constant called sensitivity, used in nearly all

large climate models, such as those of the IPCC. It is de-

fined as the rise of temperature when the carbon dioxide in

the air of the model is doubled. Mathematics allows sensi-

tivity to be a constant if the equations of the model are lin-

ear; the recondite term “nonlinear” implies that properties

such as temperature are not directly proportional to others,

such as carbon dioxide, but are linked in ways that change

with change. In the real world and in the simple model of

Figure 2.3 the connections between climate and growth are

usually quite nonlinear. This nonlinearity is the cause of the

transition from negative to positive feedback at the critical

point of a temperature jump; at this point sensitivity, as the

figure illustrates, is no longer constant but fluctuates. It is

constant only at steady-state dynamic equilibrium or in the

artificial equilibrium of a linear model.

Look closely at the upper panel of Figure 2.3 and note

how the sensitivity drops to a minimum just before the

temperature makes its jump to the stable hot state. The

same effect is seen although less markedly in the tempera-

ture. If it truly represents the Earth’s response to increasing

carbon dioxide, it is scary because it implies that before the

final jump to a desert world, the climate will briefly be-

come cooler again. This warns that a cold summer, or even

a series of them, is not proof that global heating has ended.
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These are some of the reasons that make me doubt the

wisdom of applying the consensus of the IPCC to policies

so far in the future. In addition to these reasons for doubt,

all based on direct evidence from the Earth, I would like to

focus tightly on another question important in climate

modeling and prediction. What is the effect on climate of

clouds and aerosols in the air?

Most of you reading this book have sat in the window

seat of an aircraft and looked down at the land below.

On a fine day when you look up from ground level you

often see a clear and cloudless blue sky but soon after

taking off if you look down you will see a white haze

slightly obscuring the land below. This is the all-pervasive

atmospheric aerosol that reflects sunlight back to space

and makes global warming less severe than it might oth-

erwise be. This haze comes mostly from pollution by

cars, industry, and farming, but some comes from the al-

gae in the ocean, and over the great oceans of the south-

ern hemisphere the gaseous products of ocean life and

dust blown from the deserts are the main source of the

haze. Clouds in the air, when they are near the ground,

reflect sunlight as do aerosols, but high-level clouds, for

example the cirrus that heralds an approaching depres-

sion or the contrails of jet aircraft, add to global warm-

ing. Lastly, the haze and the clouds affect each other.

Haze in humid air becomes cloud and the brightness of

clouds is increased by haze particles; clouds can also has-

ten the removal of haze from the air.
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In 2004 two IPCC contributors, Peter Cox and Meinrat

Andreae, raised the question: What happens to global

warming if this pollution haze suddenly disappears? Their

paper in Nature warned that if the haze disappeared,

global heating would intensify, and dangerous change

could be the consequence.

In 2008, a group led by Peter Stott, from the Hadley

Centre (part of the Meteorological Office), examined this

phenomenon in a careful and well-drawn paper in the jour-

nal Tellus: “global dimming,” they revealed, is complex,

even as a purely geophysical problem. According to their

calculations the sudden removal of haze could lead to ei-

ther a modest or a severe increase of heating. I now begin

to see why my wise friend Robert Charlson is so loath to

commit himself on pollution aerosols and climate change.

Even so, there was little doubt among any of these distin-

guished climate scientists that the present pollution haze

reduces global heating, or that its sudden removal could

have serious consequences.

I suspect that we worry less about global heating than

about a global economic crash, and forget that we could

make both events happen together if we implemented an

immediate, global 60 percent reduction of emissions.

This would cause a rapid fall in fossil fuel consumption,

and most of the particles that make the atmospheric

aerosol would within weeks fall from the air. This would

greatly simplify prediction and we could at last be fairly

sure that global temperature would rise; the removal of
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the pollution aerosol would leave the gaseous greenhouse

unobstructed and free at last to devastate what was left of

the comfortable interglacial Earth. Yes, if we imple-

mented in full the recommendations made at Bali within

a year, far from stabilizing the climate, it could grow hot-

ter not cooler. This is why I said in The Revenge of Gaia,

“We live in a fool’s climate and are damned whatever 

we do.”

As if this were not enough, the American scientist Pro-

fessor V. Ramanathan has recently drawn attention to the

huge output of smoke and other aerosols from the fast-

growing industries of Asia. The smoke cloud from China

now stretches across the Pacific Ocean to North America,

and the sunsets in California have a rosy tinge redolent of

a similar light scattering by the stratospheric haze from the

volcano Pinatubo that erupted in 1991. The same light

scattering is occurring over the Indian Ocean as India ex-

pands its industry.

These are new aerosol additions to the atmosphere: the

smoke clouds from North America and Europe have

moved similar distances for several decades across the At-

lantic Ocean and into Asia. In addition to this, global

smog from industry, smoke from burning forests in Africa,

South America, and from wildfires in the boreal forests of

Canada and Siberia are all adding their ingredients to the

witches’ brew that the atmosphere has become.

Ramanathan has alerted us to the fact that these new

pollution clouds are considerably darker than their prede-
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cessors from the United States and Europe. They contain

soot that absorbs sunlight, whereas the lighter aerosols

mainly reflect sunlight. This makes the assessment of their

effect on climate even more difficult.

The atmospheric physics of the connection between

aerosols and climate is at the edge of comprehensibility,

and it is inevitably further confused by the feedbacks from

other parts of the system. Clouds in the air are affected by

life at the surface: airborne particles made by bacteria in-

duce water droplets in clouds to freeze at temperatures as

high as 36 ºF; otherwise super-cooled water droplets can

cool to -40 ºF before they freeze. When they do freeze, the

heat released lifts the clouds and brings rain and thunder.

In so very many different ways, living things affect the cli-

mate as well as being affected by it: forests evapotranspire

huge volumes of water vapor (evapotranspiration is an ac-

tive physiological process by which ground water is

pumped to the leaves); and ocean algae make gases that

become the nuclei of cloud droplets. All that we have now

are uncertain numbers attached to the numerous separated

parts of the system and guidance from Gaia theory: we are

like a nineteenth-century physician trying to give a sensible

prognosis to a patient with diabetes. We can only make

vague generalizations about the future, and were it not for

the large and unquestioned greenhouse-heating effect of

carbon dioxide, methane, and other gases we would in-

deed be in the dark. A splendid account of our understand-

ing so far of this complex science is in Robert Charlson’s
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chapter of the book Earth System Science, published in

2001. To me, the message from aerosol and cloud research

is that the global heating already experienced would be

more severe without their presence, and therefore we need

to commit climate funding for monitoring and research.

Climatologists sometimes think that the temperature of

the leaves of a forest canopy can be calculated simply from

knowledge of the albedo, that is the proportion of sunlight

reflected back, of the forest. We forget that trees are alive

and can regulate their leaf temperature physiologically. Ac-

cording to Ian Woodward in a recent Nature paper, the

leaf temperature of trees in sunlight is self-regulated at

close to 70 ºF; this temperature appears to be optimal for

photosynthesis and is independent of the tree’s geographic

location, occurring in Arctic as well as in tropical regions.

The leaf temperature is regulated by evapotranspiration. I

have observed in the southern English summer that dark

conifer tree leaves maintain a surface temperature more

than seventy-two degrees cooler than an inert surface of

the same color. On the scale of a forest as large as Amazo-

nia or the boreal forests of Siberia, this has a huge effect on

regional climate. Richard Betts and his colleagues at the

Hadley Centre have pioneered the investigation into leaf

temperature and its effects on both climate and the carbon

cycle. As the leaves stay close to their optimal temperature

physiologically the absorbed radiant energy of sunlight is

mainly transformed into the latent heat of evaporation. It

takes nearly six hundred calories to evaporate a gram of
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water, and meteorologists call the warmth stored this way

“insensible heat.” What some atmospheric physicists seem

unaware of is the link between climate and the physiology

of the ecosystem of the forest. When the strong feedbacks

implicit in this link are included, especially the way a vast

forest can melt away like the floating polar ice, it affects

global as well as local climate. Feedbacks on the large re-

gional scale may lead to punctuations of the kind illus-

trated in Figure 2.3.

Another illustration of the way that models are not of

the real world concerns the water vapor in the air. On a

cold morning at dawn we often see mist—fine water

droplets floating like a grounded cloud in low places. The

air where there is mist is close to fully saturated with wa-

ter, 100 percent relative humidity. As the sun rises and

warms the air, the mist fades and by early afternoon un-

der a cloudless sky the relative humidity may be as low as

30 to 40 percent. Large climate models have to assume

that relative humidity is conserved, otherwise they be-

come unstable. But in the real world relative humidity

can be a truly important climate variable. The size of

aerosol particles directly and rapidly changes with a

change of relative humidity, and so does their reflectance

of sunlight and consequently the amount of heat that

reaches the Earth.

The average surface temperature of the whole Earth is

well constrained: the sun’s output of heat is remarkably

constant over the timescale of a hundred years and varies
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no more than 0.2 percent, which is equivalent to a temper-

ature variation of about half a degree. Just now, at the

end of a long solar sunspot minimum, the sun’s heat

should be near its nadir. The Earth’s orbit and its inclina-

tion to the plane of the solar system will also change little

in the next hundred years. But as we now know, quite

small changes in the composition of the air or the nature

of the land surfaces can have large effects. If the Earth

ever did become a white reflecting snowball its surface

temperature would be -11 ºF, exceptionally cold com-

pared with now; but it has also existed for long periods in

the past with even the Polar Regions tropical in tempera-

ture. Only fourteen thousand years ago we were in an ice

age where glaciation at times extended as far south as the

Alps in Europe and what is now St. Louis in North Amer-

ica. It seems that the Earth can exist for long periods at a

wide range of different climate states. The hot and cool

stable states are well-founded facts of history, and we can

explain them with a fair degree of confidence. What we

do not know much about are the details of the move, say,

from an ice age to an interglacial like now. This move

seems to have been started by a small increase in heat re-

ceived from the sun caused by a small alteration of the

Earth’s inclination and orbit, but there must have been

substantial amplification through positive feedback to

make it happen quickly. It is the similarity between the

sudden changes then and what we are now doing that

makes present-day forecasting so fallible.
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Climate models based on atmospheric physics have their

own peculiar dogma: almost all of them forecast a smooth,

steady rise in temperature as carbon dioxide abundance in-

creases. They seem to assume that nothing in the next

thirty years will alter the course of global warming because

our changes to the Earth’s land surface and emissions so

far have committed the system to warm about four degrees

and its response time is slow. This is the basis of the IPCC

recommendation to reduce emissions by 60 percent by

2050 to avoid “dangerous” climate change. The IPCC is

right to think that it will take thousands of years to undo

the harm that we have done and that in our terms there is

no going back. They are also right about carbon dioxide

emissions: the response time of the Earth to carbon dioxide

change is one hundred years. But it is wrong to think that

nothing can happen rapidly in climate change. Aerosols in

the atmosphere, snow and ice albedo, ecosystem response,

and of course human response—any of these can cause a

perceptible climate change within months. If the many ap-

parently separate positive and negative feedbacks on cli-

mate synchronize coherently then the whole Earth system

could heat or cool rapidly by as much as six degrees. I find

it extraordinary that, given the depth of our ignorance, sci-

entists are willing to put their names to predictions of cli-

mates up to fifty years from now and let them become the

basis of policy. Surely they are not predictions, just specu-

lations to assuage the fear of the dark clouds that loom on

the climate horizon.
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It is not mere speculation to challenge the idea that noth-

ing can happen in the next thirty years that will change the

course of climate change. In a way the Earth has done the

experiment for us, for when the volcano Pinatubo erupted

in 1991 it injected enough aerosols into the upper atmos-

phere to cool the climate significantly for the three years

that followed the eruption. It would be quite wrong to

imagine that we can refine and improve those vast battle-

ship models until they provide a clear and accurate view of

the future climate. Even if we could, large volcanic erup-

tions are as yet unpredictable and could upset the forecast

by injecting a vast cloud of cooling particles into the upper

atmosphere. So could the use of geoengineering to achieve

under more control the consequences of these volcanoes.

Numerous other natural events, admittedly less likely, such

as the impact of an object more than 1 kilometer in diame-

ter falling from space, or a repeat of the Maunder mini-

mum when the sun’s radiation declined a fraction of a

percent for one hundred years, human disasters such as a

pandemic or a technological catastrophe of the kind pre-

dicted in Lord Rees’s book Our Final Century—all of these

and others unknown may affect the climate and make dis-

tant prediction formidably difficult.

In addition to these uncertainties climate forecasters are

obliged to model atmospheric physics when they should be

modeling Gaia, or at least the whole Earth system of which

the climate is one property. Administrators of science often

imagine that a team composed of first-rate biologists,
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chemists, and atmospheric physicists all working together,

as in the IPCC, will solve the climate problem. In practice

this may be no more likely to succeed than it would have

been to seek the cause and cure for typhoid fever in Victo-

rian times by analyzing the fluctuating body temperature

of the victims and then asking a team of biologists,

chemists, and physicists for the answer.

At this point I feel that a more general observation about

climate change is needed. If we stand back and consider all

the other perturbations possible to our self-regulating

Earth, we see that the presence of 7 billion people aiming

for first-world comforts is too much. It is clearly incompat-

ible with the homeostasis of climate but also with chem-

istry, biological diversity and the economy of the system.

Instability in any of these other properties of the Earth is

potentially as disturbing as climate change and interacts

with it. The acidification of the oceans by excess carbon

dioxide is a single example of this multiplex pathology

caused by an excess of affluent humans.

By assuming that the climate is mainly a physical property

of the Earth’s surface environment we leave out the impor-

tant consideration of living organisms, including humans

and their dependent species of crops and livestock, as an in-

tegral and interactive part of the climate system. This is the

fundamental error of most computer climate models. It is an

understandable error because the geophysics of the climate

alone is beyond our present capacity, so that it seems absurd

to consider including the even more complex biosphere as
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well. Naturally, science thinks that it has reduced the prob-

lem by subdividing it, and that presumably is why we have

the mainly biological Millennium Assessment Ecosystem

Commission, separate from the IPCC.

It would be wrong of me to suggest that climate modelers

ignore the importance of the contribution of life on Earth

to climate change. Climate modelers at the Hadley Centre

and the University of East Anglia in the UK, at the National

Center for Atmospheric Research and other labs in the

United States, and at Potsdam in Germany have all made or

are making comprehensive dynamic climate models that do

include the biota. I am familiar with the substantial contri-

butions of Peter Cox, Chris Jones, and Richard Betts of the

Hadley Centre, of Tim Lenton, Andrew Watson, and Peter

Liss of the University of East Anglia, and of John Shellnhu-

ber, Wernher Von Bloh, and Stefan Rahmstorf of the Pots-

dam Institute for Climate Impact Research. But I think they

would all agree that their work is far from complete. Then

there are the climatologists Ann Henderson-Sellers, Kendal

McGuffie, and Robert Dickinson, who have tirelessly and

often against strong opposition extended the competence of

climate modeling by recognizing the need to include the

biota in a dynamic role. For those interested in the arcane

topic of climate research, the book  A Climate Modeling

Primer by McGuffie and Henderson-Sellers is wonderfully

rewarding.

We have not learnt from history. Before we became con-

cerned with climate change, scientists and world govern-
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ments were deeply concerned with the depletion of

stratospheric ozone by CFCs. During that crisis there was

near total acceptance of model predictions. Scientists were

so convinced of the truth of their models that they rejected

observations by Earth-orbiting satellites that saw the hole

in the ozone layer over Antarctica. It took human ob-

servers—Joseph Farman, Brian Gardiner, and Jonathan

Shanklin of the British Antarctic Survey—to convince sci-

entists that there really was massive ozone depletion and

that the models were wrong. (They were in Antarctica at

the time and were viewing the ozone layer with a Dobson

spectrophotometer.) The reliance on models continues,

and as I described earlier in this chapter, the vast hole that

appeared in 2007 in the floating ice of the North Polar

Ocean was not predicted to occur when it did. According

to model predictions the meltdown was not expected be-

fore 2050. The real Earth responds to our actions in a

way very different from that forecast by well-behaved

models. These models also suggest a smooth rise of tem-

perature as the abundance of carbon dioxide increases,

and hint that temperatures can be lowered again by

merely reducing the abundance of carbon dioxide. It

seems that governments find forecasts like this easier to

follow and more comfortable than the vacillating fluctua-

tions of real observations. Large models have an authority

from which policies can be drafted, conclusions drawn,

and grand pronouncements made at places such as Kyoto

and Bali. But despite the dedication of climate scientists
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equipped with the latest  computer hard- and software,

models are like ideologies, and possess a similar certainty,

so that it is easy to forget that they are about abstract not

real worlds. The modelers, except when corralled into

consensus, express their forecasts properly in probabilistic

terms.

A last reason for my disquiet about forecasts based on

models arises because I earn my living and fund my re-

search on the Earth as an independent scientist by selling

inventions and advice. I have lived this way for nearly

forty-five years and realize that it resembles the lifestyle of

an old-time medical practitioner whose practice was in a

small but prosperous town. This independent role has

made me an observer, not just of the atmosphere, ocean,

and land surfaces but also of many of the human divisions

of power and knowledge. These have included leading en-

ergy and chemical companies and governmental agencies

in Europe, the United States, and Japan. I have also

worked at many universities, including the United Nations

University in Tokyo, and the intelligence agencies that have

their own power to reveal the unexpected. For most of the

time I was not much more than a wasp that had flown in

through an open window, large enough to be noticed but

not greatly affecting the conduct of business. Toward the

end of the last century I was president of the Marine Bio-

logical Association (MBA) at a time when its laboratory in

Plymouth was struggling for a degree of independence. For

a few years I joined with my colleagues there in battle with
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a government that seemed driven, not always wisely, to

control and centralize. (If you are curious to know more

about this side of my life it is in my autobiography, Hom-

age to Gaia.)

This third component of my knowledge base has taught

me that, above all, humans hate any conspicuous change

in their daily way of life and view of the future. As

Bertrand Russell put it, “The average man would rather

face death or torture than think.” The overwhelming wish

to continue with business as usual applies far beyond the

marketplace and may be a consequence of the cognitive

dissonance I wrote about earlier. Business as usual is unfor-

tunately how most of science is done, even though we

know that it has no place in science’s probabilistic world.

For practical and administrative reasons we cannot sud-

denly change the direction of research of a large and ex-

pensive laboratory built around a costly assembly of

instruments, computers, and specialized staff; this may be

part of the reason why our forecasts do not agree well with

expectations drawn from the history of the Earth.

These then are my reasons for thinking that climate fore-

casts decades ahead are at present too unreliable for plan-

ning detailed action. The task of the IPCC has barely

started, and their failure to account for even the current

climate suggests they might need a new scientific approach,

perhaps one that models the Earth as a single physiological

system, not as a consensus model cooked from a biodi-

verse stew of scientific disciplines. Of course we should do
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our best to cut back damaging land use such as forest

clearance anywhere and the farming of biofuels and cau-

tiously prepare to reduce emissions. Until we know for cer-

tain how to cure global heating, our greatest efforts should

go into adaptation, to preparing those parts of the Earth

least likely to be affected by adverse climate change as the

safe havens for a civilized humanity. In choosing havens

safe from serious climate change, we will need the guid-

ance of the IPCC and perhaps they should be tasked to do

this. Most importantly, we have to stop pretending that

there is any possible way back to that lush, comfortable,

and beautiful Earth we left behind sometime in the twenti-

eth century. The further we go along the path of business

as usual, the more we are lost.

The most important question in climate change is this:

How much and how fast is the Earth heating? I repeat that

there is a trustworthy indicator of the Earth’s heat balance,

and that is the sea level. Its rise is a general and reliable in-

dicator that cuts through arguments as to whether some

glaciers are melting and others advancing and whether ex-

tra snowfall balances extra meltwater. The sea level rises

for two reasons only: from ice on land that melts and from

the expansion of the ocean as it warms. It is like the liquid

in a thermometer: as the Earth warms, the sea level rises. It

is true that the level could suddenly increase if a large gla-

cier in Greenland or Antarctica slipped into the sea, but

this is most unlikely to happen unnoticed, and its effect is

easily discounted.
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I sense the onset in science of a battle between those who

live by theory and those of us who go out on to the Earth

to observe and measure. The observers are the Cinderellas

of science and always have been. Darwin did not travel the

Earth to prove a theory. He was a supreme observer and-

naturalist: the theory was developed later, some of it after

he had died. The ocean is truly an aqua incognita and vi-

tally important for the climate because it stores most of the

extra heat of global warming. It is right to build theories of

the ocean, even though we know so little about it, but

quite wrong to use them to make policies. First they must

be tested by long-term observation and measurement, and

that I think should be our first priority.
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3

Consequences and Survival

When someone discovers, too late, that they suffer a serious

and probably incurable disease and that they may have no

more than six months to live, their first response is shock

and then, in denial, they angrily try any cure on offer, or go

to practitioners of alternative medicine. Finally, if wise, they

reach a state of calm acceptance. They know that death

need not be feared and that no one escapes it. If the disease

is cancer that wonderful organization, the hospice move-

ment, founded by that true saint, Dame Cicely Saunders, of-

ten makes the end more seemly than the beginning.

Scientists, who recognize the truth about the Earth’s condi-

tion, advise their governments of its deadly seriousness in

the manner of a physician. We are now seeing the responses.

First was denial at all levels, then the desperate search for a

cure. Just as we as individuals try alternative medicine, our

governments have many offers from alternative business
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and their lobbies of sustainable ways to “save the planet,”

and from some green hospice there may come the anodyne

of hope.

Should you doubt that this grim prospect is real, let me

remind you of the forces now taking the Earth to the hot-

house. These include the increasing abundance of green-

house gases from industry and agriculture—gases from

natural ecosystems damaged by global heating in the Arc-

tic and the tropics. The vast ocean ecosystems that used to

pump down carbon dioxide can no longer do so because

the ocean turns to desert as it warms and grows more

acidic; then there is the extra absorption of the sun’s radi-

ant heat as white reflecting snow melts and is replaced by

dark ground or ocean. Each separate increase adds heat,

and together they amplify the warming that we cause. The

power of this combination and the inability of the Earth

now to resist it is what forces me to see the efforts made to

stabilize carbon dioxide and temperature as no better than

planetary alternative medicine.

So far as I am aware, no one at Bali or earlier UN meet-

ings was directly concerned about Gaia or considered the

response of the living Earth to what we are doing to it. In

fact, as the Earth warms and long before the dateline of

2050, the output of greenhouse gases and the albedo

changes caused by the Earth itself may exceed the total

warming effect from all the extra gases we have added. The

assumption that the climate can be stabilized by a reduction

in emissions at a carbon dioxide abundance of 550 ppm
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FIGURE 3.1 The forecast of heating for the northern
hemisphere for the coming century, according to the model
predictions quoted by Peter Stott in his 2006 article on the
unusually hot European summer of 2003. The line shown
was hand-drawn and should not be taken as more accurate
than a blackboard sketch.
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and a global temperature four degrees higher than normal

has no secure foundation in science. Instead the Earth sys-

tem could already be committed to irreversible change,

even if we implement in full the recommended 60 percent

reduction of emissions.

It is surprising that politicians could have been so un-

wise as to agree on policies many decades ahead. Perhaps

there were voices from scientists who warned of the ab-

surdity of such planning, but if so they do not seem to have

been heard. Even if we cut emissions by 60 percent to 12

gigatons a year, it wouldn’t be enough. I have mentioned

several times before that breathing is a potent source of

carbon dioxide, but did you know that the exhalations of

breath and other gaseous emissions by the nearly 7 billion

people on Earth, their pets, and their livestock are respon-

sible for 23 percent of all greenhouse gas emissions? If you

add on the fossil fuel burnt in the total activity of growing,

gathering, selling, and serving food, all of this adds up to

about half of all carbon dioxide emissions. Think of farm

machinery, the transport of food from the farms, and the

transport of fertilizer, pesticides, and the fuel used in their

manufacture; the road building and maintenance; super-

market operation and the packaging industry; to say noth-

ing of the energy used in cooking, refrigerating, and

serving food. As if this were not enough, think of how

farmland fails to serve Gaia as the forests it replaced did.

If, just by living with our pets and livestock, we are respon-

sible for nearly half the emissions of carbon dioxide, I do
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not see how the 60 percent reduction can be achieved

without a great loss of life. Like it or not, we are the prob-

lem—and as a part of the Earth system, not as something

separate from and above it. When world leaders ask us to

follow them to the inviting green pastures ahead, they

should first check that it really is grass on solid ground and

not moss covering a quagmire.

The only near certain conclusion we can draw from the

changing climate and people’s response to it is that there is

little time left in which to act. Therefore my plea is that

adaptation is made at least equal in importance to policy-

driven attempts to reduce emissions. We cannot continue

to assume that because there is no way gently to reduce

our numbers it is sufficient merely to improve our carbon

footprints. Too many also think only of the profit to be

made from carbon trading. It is not the carbon footprint

alone that harms the Earth; the people’s footprint is larger

and more deadly.

We already face the adverse consequences of a total ac-

cumulation of greenhouse gases amounting to more than

430 ppm of carbon dioxide equivalent—the loss of land-

based ecosystems, the desertification of the land and ocean

surfaces, and the loss of polar ice; these act together in pos-

itive feedback and probably commit the Earth to irre-

versible heating. There may be no alternative but the direct

use of the global cooling techniques discussed in Chapter 5

on geoengineering, including an attempt to massively de-

carbonize the atmosphere by burying charcoal. Whether or
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not these efforts succeed in cooling the Earth to its previ-

ous self-regulating interglacial state, we have to prepare

for failure by adaptation.

The crux of it is that there are far too many of us living

as we do—Paul and Ann Ehrlich said so forty years ago in

their book The Population Bomb. But we did not listen.

They tended to exaggerate, but their insight about the dan-

gers of overpopulation was right. In theory, we could eat

less and save energy, but in practice we never will, unless

made to do so. The consequences of our overgrowth and

its emissions are only slightly different from those caused

by the photosynthesizers (single-cell plants) who also grew

and multiplied 2 billion or so years ago, and so changed

their world that whole ranges of anaerobic ecosystems

were condemned to an underground existence. Their pol-

lution was oxygen, a poisonous, carcinogenic, and fire-

raising gas that life, including us, has evolved to benefit

from. Like the photosynthesizers, we could not have

avoided reaching our current overpopulated and unsus-

tainable state. We are what we are, and there is little that

we could have done to avoid what now seem adverse

changes; we should not feel guilty about it.

If our leaders were all great and powerful, they could

ban the keeping of pets and livestock, make a vegetarian

diet compulsory, and fund a huge program of food synthe-

sis by the chemical and biochemical industries—doing this

might limit the loss of life to pets and livestock only. It is

encouraging that the chairman of the IPCC, Dr. Pachauri,
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has recommended a vegetarian diet as a way to go. Almost

certainly it will never happen this way, and people will

continue with farming, business, and government as usual.

Changes in lifestyle, agriculture, and eating habits are not

a popular political option, and governments are more

likely to take the easy way of using tax and subsidy to

drive farms, industry, and the public in whatever direction

their political ideology favors. We often forget that an in-

dustrialist’s duty is to his company’s shareholders, not to

the community or the government, and certainly not to the

planet. Industrialists are not greedier or more insensitive

than the rest of us, but tax and subsidy distort their ability

to make a profit, and so they will usually chose inefficient

but profitable sources of energy and agricultural products

over long-term sensible and efficient but less profitable

choices. This is why industry will back renewables, carbon

trading, and biofuels, which are neither efficient nor sensi-

ble, but are immediately profitable. Nuclear energy is prof-

itable, even without subsidy, but as with the purchase of a

house through a mortgage, the profit is deferred. In the

present economic climate distorted by subsidy, nuclear is

less attractive to industry.

Meanwhile climate change progresses remorselessly, now

driven by feedbacks from the Earth as well as our increases

in emissions and land use. There is no tipping point; we are

sliding down a bumpy slope that grows ever steeper to the

future hot world. Even in the survival havens where climate

change is gentle enough to allow the continued growth of
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food there will be disasters and difficulties. Thus in the

more fertile parts of the world unaffected by heat and

drought, including the Netherlands, the UK, and Ireland,

rising sea level and storms may lead to catastrophic inunda-

tions. Much of London is likely to be flooded and the un-

derground transport system disabled. The Netherlands may

be made uninhabitable. Even temporary flooding with salt

water greatly lowers the productivity of farmland. The

coastal cities of the United States have New Orleans, inun-

dated during the 2005 hurricane, as a reminder that all

cities now at or near sea level are at risk. When considering

food and energy supplies, we have to keep in mind that the

immediate needs of human consumers is only one part of

the problem. We need also to sustain the infrastructure of

the cities, the housing, health, and other services, including

schools, waste disposal, and transport. Too easily forgotten

is Gaia’s need: we have to leave enough natural ecosystems

on land and in the ocean for planetary self-regulation.

Climate change is fickle. Events in early 2008 have made

many in Europe and the United States doubt that global

heating was proceeding on schedule or was our prime

cause for concern. The climate did not yet seem bad

enough for urgent action, and our minds were filled with

fears of a recession or depression of the monetary climate.

Indeed a planetary physician who was looking at the bed-

side chart of our supposedly ailing planet would note that

despite global heating, which is confirmed by the persistent

rise of sea level during the past ten years, the average
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global temperature has not changed appreciably over the

same period; some good climate scientists even think that

there may have been a small fall in temperature during the

present century. It is true there have been scary symptoms

such as the extraordinary melt of Arctic ice in the summer

of 2007, but despite these worries the Earth’s fever did not

seem to be worsening. Moreover, 2008 was turning out to

be a cool, wet summer in northwestern Europe and parts

of the United States, not at all what was expected of global

heating. This apparent remission of the Earth’s illness was

reflected in Nigel Lawson’s thoughtful brief An Appeal to

Reason. His book reads like a breath of fresh air coming

from an open window in an overheated conference room.

Most climate-change deniers fail to hide a vested interest in

the status quo and are unconvincing or even boring. But

here is a book denying global heating written with passion

but still a proper detachment, as if the author were the de-

fense counsel for the deniers of climate change.

I think that he is right to criticize the hype that goes with

the public response to global heating. But I wholly disagree

with his denial and think there is only the smallest possibil-

ity that the world will not grow hotter as I have described

in Chapter 2. For now it is useful to compare the Earth

with an iced drink. You will have noticed that the drink

stays cold until the last of the ice melts, and so to some ex-

tent is it with the Earth. A great deal of the heat of global

heating has gone into warming that huge lump of water,

the ocean, and into melting ice. This may be one of several
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reasons why it has not warmed more, but once the ice has

melted and the mixing of the ocean waters has reached a

dynamic equilibrium, global heating will proceed even

faster than before. Lawson’s book forces us to think about

the Earth and what we are doing to it in the larger context.

I applaud his astringency and his disapproval of the trendy

populism that now attaches to anything and everything

seen as green.

Human nature, the behavior that comes from the intelli-

gence that evolution has given us, impairs our chances. We

are like highflying raptors—hawks and eagles that evolved

to catch their prey from the skies and do it exceedingly

well. But what would be the fate of eagles if all their prey

moved to live underground? They are not adapted to fly in

tunnels or caves, and their fine eyesight would not be use-

ful in the dark. We are perfectly evolved to live as hunter-

gatherers. The wings of our brains are fine-tuned by

evolution to survive in the world of 1 million years ago,

but we are as ill equipped to survive on the twenty-first-

century Earth that we have made, as is a hawk in a cave.

Our intelligence is not something transcendental but a

property that evolved to fit us into our niche, like the

tough beak of a woodpecker evolved to fit it into its world

where the food supply is tree-bark bugs.

Our contemporary industrial civilization is hopelessly

unfitted to survive on an overpopulated and  under-

resourced planet, deluded by the thought that clever inven-

tions and progress will provide the shoehorn that fits us
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into our imaginary niche. I think it is better if we accept

and understand how poor the chance of our personal

 survival is, but take hope from the fact that our species is

unusually tough, has survived seven major climate catastro-

phes in the last million years, and is unlikely to go extinct in

the coming climate catastrophe. Geneticists, interested in

the evolution of humans, have observed that at one time in

the last million years we passed through a genetic bottle-

neck in which our ancestors might have been as few as two

thousand. Gaia, fortunately, is much tougher and as a liv-

ing planet has survived for more than a quarter the age of

the cosmos.

A specific example of an evolved mental attribute once

favorable for survival but now a serious handicap was

given by Michael Shermer in his column in the Scientific

American of August 2008. He took a recent medical con-

troversy to explain why thinking anecdotally comes natu-

rally but thinking scientifically does not. The controversy

is about whether or not autism is connected with the ad-

ministration of vaccines to children. On one side are some

parents who notice that shortly after vaccination autistic

symptoms appear; on the other are scientists who find no

causal link between vaccination, or the preservatives in the

vaccine, and the symptoms of autism. The anecdotal asso-

ciations, especially when they are amplified as a story by

the media, are so powerful that they cause people to ignore

contrary scientific evidence. Shermer goes on to say that

the reason for this cognitive disconnect is that we evolved
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brains that pay attention to anecdotes because false posi-

tives (believing that there is a connection between A and B

when there is not) are usually harmless, whereas false neg-

atives (believing that there is no connection between A and

B when there is) may take you out of the gene pool. Our

brains are belief engines that employ associative learning

to seek and find patterns. Superstition and belief in magic

are millions of years old, whereas science, with its clever

ways of circumventing false positives, is only a few hun-

dred years old.

How very similar is the autism vaccine connection to the

anecdotal belief that there are clusters of leukemia victims

in the populace around nuclear power stations. I know as

a scientist that this is nonsense, but try convincing a

woman who lost a relative who happened to live in the

vicinity of a nuclear installation that the likelihood is van-

ishingly small. This is why it is so easy to persuade the

gullible multitude that the harmless mobile phone you use,

or the nearby power cable, is a danger.

If our present world is wholly unsustainable, how do we

retreat from it sustainably? To answer this question, it is

useful to think of a nuclear submarine as a microcosm of

the Earth. It has to exist beneath the waves for periods as

long as half a year and always sustain an environment

healthy for the submariners. The energy comes from stable

and reliable nuclear reactors. The reactor in the submarine

is so well shielded that submariners are exposed to less ra-

diation than anyone else alive. At 100 meters deep no cos-
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mic or Earthly radiation penetrates; but for us on the sur-

face, in addition to the cosmic radiation and the natural

radioactive elements in the soil and walls of our buildings,

our reactor, the sun, is unshielded except for the thin layer

of air that separates us from space. We soon discover how

poorly we are protected when we sit in the summer sun too

long and suffer a radiation burn. The air of the submarine

is as well regulated, as is the atmosphere we breathe at the

surface, and the water supply recycled and reliable. In the

manual of the officer who does the regulation is a warning

never to allow the oxygen abundance to rise above 21 per-

cent—this is not in the interests of the sailors’ health alone

but because the fire risk nearly doubles for every extra per-

cent of oxygen in the air, and fire in a submarine is deadly.

The carbon dioxide also needs regulating for the crew con-

tinuously exhales it, and too much would make breathing

difficult. Just imagine how catastrophic it would be for

submariners if fossil-fuel energy were used inside the sub-

marine. Like the submariners, we enjoy constant and reli-

able energy from our great nuclear reactor in the sky, and

Gaia regulates the air and water supply for us. No one

would doubt that the submarine is limited as to the popu-

lation it could sustain so why should we imagine that the

Earth has an unlimited capacity for people?

Our troubles now are eerily similar to those of the unfor-

tunate crew of a sunken submarine too deep for rescue but

on which there are a few escape capsules in which some

can float up safely to the ocean surface. How like the
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Earth, now so overpopulated that only a small portion will

reach the remaining habitable land. I think that is how we

are, but bad as it is it gives the chance for our species to

survive.

The greatest harms global heating causes are not the

dramatic surprises of unprecedented weather events such

as violent storms and floods of rainwater or almost un-

bearable heat. Harm comes from prolonged and unremit-

ting drought. According to the forecasts (IPCC report from

Working Group II, 2007) many parts of the world will ex-

perience such a lack of water by 2030. Saharan conditions

will extend into southern Europe, as they are experienced

in Australia and Africa. Heavy rain will fall, but when it is

hotter than the mid-70s Fahrenheit it does little good. In-

creasing heat and forest ecosystem destruction to provide

farmland will continue and hasten the conversion of rain-

forest to scrub and desert. Provided there is ample energy,

the heat can be withstood personally using air-condition-

ing technology; indeed, conditions in cities of the hot re-

gions are unlikely to be much worse than those in

Baghdad, Alice Springs, or Phoenix now. Death comes

from drought when neither food from crop plants nor wa-

ter is available.

When we look at projected future climates, we see that

much of the continental areas will become barren because

of drought. This will have appalling consequences for the

already overcrowded nations like China, India, and parts

of Africa. Life on Earth is wholly dependent on water, and
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three-quarters of the bulk of nearly all life forms is water.

Without its abundant supply food crops will not grow, and

to irrigate all the land now naturally watered by rain is an

impossible task. There will be much smaller areas where

this is done and these, too, like the older civilizations along

the Nile and the Euphrates, will be havens.

Emphatically this does not mean there is nothing we can

do. We do not have to sit and wait for rescue like those un-

fortunates who remained, as instructed, in their offices in

the Twin Towers on September 11, 2001. We can move

where it is safe. Of course we will procrastinate and con-

tinue to deny global heating and try to fool ourselves that

there is no urgent need to move, but the increasing rate at

which polar ice melts, ocean level rises, and the climate

zones migrate warns us that the Earth system is already

moving and so soon must we. Moreover the observed pos-

itive feedback on heating makes it unlikely to slow or stop

before the next stable state is reached. Through geoengi-

neering we may ameliorate some of the early consequences

of heating, but I greatly doubt that we have the wisdom or

intelligence to reverse it. Like the skier who accidentally

starts an avalanche, there is little we can do to stop its de-

structive course.

So are all our efforts to become carbon neutral, to put

on sandals and a hair shirt and follow the green puritans,

pointless? Can we go back to business as usual for a while

and be happy while it lasts? We could—but not for long.

Apart from a lucky break of a natural or a geoengineered
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kind, in a few decades the Earth could cease to be the habi-

tat of 7 billion humans; it will save itself as it dispatches all

but a few of those who now live in what will become the

barren regions. Those who leave for the cooler, still fertile

regions have a better chance of surviving, and if enough of

us are saved this way it could benefit Gaia as well. It seems

that enough of us could survive to carry on our species,

but there is an overriding need that reduces the carrying

capacity of the Earth even further and that is the require-

ments of Gaia herself. There is much more to survival than

human needs alone. To sustain the climate and composi-

tion of the Earth, Gaia needs the ecosystems, the forests

and other vegetation on land, and the algae of the oceans

to sustain life. Otherwise, our planet would move inex-

orably to the intolerably hot and utterly barren equilib-

rium state, something that eventually would be an average

between Mars and Venus.

What is certain is that it is our duty to survive. Our great-

est efforts therefore should go to learning how to live as

well as is feasible on the soon-to-be-diminished hot Earth.

We in Britain live on one of the safe havens where life can

continue in the heat age. In certain ways the British are like

the passengers aboard a ship that has diverted to take on

board refugees escaping from some drought-stricken land.

To the refugees we are their lifeboat, but the captain and of-

ficers of the ship have to decide how many we can take—

who can be allowed to board and who must remain and

take their chances? Fairness suggests a lottery, but common
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sense rules out so simple a selection. The sick, the lame, and

the old would have to stay behind and take their chances

along with passengers who felt called to help them. On

ships it used to be women and children first, but some men

would be needed—what would be the right ratio of the

sexes? I suspect that it would not be far from equal, for that

is the proportion that natural selection has chosen.

There is no simple number for the carrying capacity of

the Earth for people. It depends on the way the people live.

Are they at one extreme vegans, or at the other carnivores?

Do they farm and so displace natural ecosystems? Are they

industrialized, and what is the impact of their industries?

In addition to these human properties the Earth itself is not

a constant. The number it can carry varies with its state. If

mainly desert, the number will be small; if well watered

and rich in nutrients, it can be as many per square mile as

in Bangladesh. Were we hunters, carnivorous top preda-

tors, it is unlikely that even a fertile Earth could carry more

than 10 million of us. As gatherers, especially if vegan, it

could be 100 million or more. With science and technology

present, the numbers are imponderable, and we have

proved that 7 billion is possible for a short period. But

how many will be in balance on an Earth 7 degrees hotter

than now? It might be as little as 100 million if the carry-

ing capacity of the land surface of a hot Earth falls to 10

percent of what we have now. All that we can usefully say

about the carrying capacity of the Earth for humans is that

it changes rapidly.
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One natural thing in our favor is that more than 70 per-

cent of the Earth is ocean and that proportion will grow as

the sea level rises, otherwise the Earth would heat even

faster; but unfortunately a warm ocean is much less pro-

ductive than a cool one. We must concentrate on the en-

couragement of ocean ecosystems mainly with planetary

climate regulation in mind, although some food and fuel

would be by-products. Looking again at the world two or

three decades ahead, we see that the largest areas of land

possible for habitation are in the north and south temper-

ate and Arctic regions—Patagonia and southern Chile,

Canada, Siberia, Alaska, Northern Europe including Scan-

dinavia and the western oceanic coasts—in addition to is-

lands such as the British Isles, New Zealand, Tasmania,

and many smaller ones dotted across the oceans. We do

not yet know whether they will be too dry and hot for crop

growth: the geological record of the last hot period 55 mil-

lion years ago suggests that the Arctic basin was tropical in

temperature and that vegetation was abundant. The rest of

the continents will not be wholly barren: there will be

oases and river courses still watered well enough for plants

to grow.

Any attempt by the surviving civilization to continue to

farm land that should remain as natural forest, or to burn

fossil fuel, could lead to disaster, but the temptation would

be great for the Arctic is the site of vast quantities of oil,

gas, and coal. If we used these as we use them now, we

might become our own executioners and cause the death
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of Gaia as well. The Earth would then be left hot and bar-

ren with no life other than a few thermophiles: too sparse a

biosphere for a self-regulating planet.

For the present I am assuming that global temperature

will rise during this century at least as severely as the mid

range of the IPCC predicts, and that its direct physical con-

sequence, sea level rise, will proceed as it has been doing

since 1990, nearly twice as fast as predicted. Nothing is

certain; and I have to allow that none of this may happen.

Instead, one or more of the several proposals to geoengi-

neer the Earth and stop global heating might work, or

some natural event such as a series of giant volcanic erup-

tions might intervene, or the models that predict the cli-

mate are even more wrong than I thought they were. The

best contradiction of all would be to discover that the idea

described by Johannes Lehmann in Nature in 2007 al-

lowed us to take a massive quantity of carbon dioxide

from the air by making charcoal and then burying it in the

soil. I have described it more fully in Chapter 5, and I do

think it has a chance of halting global heating. But having

said this, and knowing our obstinate desire to continue

with business as usual, I doubt that if it is tried it will be

done to a sufficient extent to realize its promise. Our good

intentions are too often forgotten like the unread promises

we acknowledge with the click of a mouse at the end of a

long and unreadable legal statement that appears on the

screen with every computer application we buy. I will write

on, assuming that you have clicked the button and agreed.
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To understand a little of what lies before us I shall focus

on the islands where I live because they provide a history

and an example of human response to a threat that, al-

though far less severe than global heating, was sufficient to

make survival an imperative. For these islands this was the

Second World War in 1939, and it was certainly enough of

a threat to stir the response now needed. Let me tell you

how I personally experienced the onset of it when I was

twenty years old.

The path ran along the edge of fields recently harvested

for their crop of grain; it went between Chelsfield and Or-

pington, some fourteen miles southeast of London’s center.

As I walked, in September 1939, the London suburbs al-

ready encroached upon the countryside. The fields had a

tired look, as if they were about to give up the game and

retire for good beneath a permanent crop of semi-detached

houses planted by their new owners, the developers. But

my angst about the ruin of rural Kent was rudely disturbed

when suddenly and to my amazement the air filled with the

sound of air-raid sirens. I walked on, wondering if soon

the sky would fill with bombers, but instead the sirens

sounded the all-clear. And so the Second World War

started with a false alarm; indeed in terms of war nothing

much happened on mainland Britain for another nine

months. There seems to be a close parallel between the

events and the feelings we had then and those now. I was

not quite that archetype, the man in the street or on the

Clapham omnibus, but was close enough: a young man on
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a footpath, fairly sure that real war would soon begin,

even though there were still deniers, among them experts

and politicians.

Seventy years later events in far places, such as the melt-

ing of the Arctic ice, the collapse of glaciers in Antarctica,

the droughts and famines across Africa, and the occasional

extra-fierce tropical storm give me now that same anxiety

that the war in Spain and the incursion into Bohemia gave

in the 1930s. I somehow sense that it will be our turn

soon, but I continue my business and pleasure as usual and

perhaps put a solar heating unit on the roof, just as we dug

air-raid shelters in our gardens back then. In 1938 my fa-

ther, although retired and in his late sixties, dug an impres-

sive shelter that went forty feet below the garden with a

concrete chamber under the house and entrances on both

sides of the house. He started digging in 1938 and finished

the job before the war began. How odd that when war

threatens, individuals instinctively prepare for the worst,

often with futile acts, while our elected representatives and

the civil servants who help them prepare instead for the

previous war by building battleships and constructing

fortresses like the Maginot Line.

Gaia, like God, helps those who help themselves. It was

not enough in 1939 to dig personal air-raid shelters, nor is

it now enough to genuflect with small environmentally

friendly gestures; nor to put windmills and solar panels on

the roof to supplement the electricity supply; nor to hold

meetings before that great religious symbol of spin, the
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 giant white wind turbine and sing hymns about salvation

for the planet. Not only must we survive but also we must

stay civilized and not degenerate into mob rule where gang

leaders promote themselves as warlords. For this we have

to take effective local action now. Most of all, we have to

secure our supplies of food and clothing, and if we con-

tinue city life, energy. These islands, although among the

few areas of the world least threatened by global heating,

are at the same time among the least well supplied with

food and energy. We in Britain have grown so used to an

ample supply of food from abroad that we forget that in

the Second World War, when food imports were scarce, we

nearly starved. We have indigenous sources of fuel, but

they are fast declining. The land available for agriculture

competes with housing and industry, and unless we act

soon more of it may be disabled as the numbers inhabiting

our small nation steadily increase.

The United States and Canada are less threatened by the

consequences of climate change than are most of the

world’s nations. This is because they are comparatively un-

der populated, having only 12 percent of Europe’s popula-

tion density, have almost unlimited indigenous supplies of

energy, if solar thermal energy can be included. Then there

are the cool lands to the North into which many can move

should the South become uninhabitable.

Just as in the 1940s the richer inhabitants of the world

had to give up on a massive scale the comfortable lifestyle

of peacetime, so soon they may feel rich with only a quar-
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ter of what they consume now. If they do it right and with

enthusiasm it will not seem a depressing phase of denial

but instead, as in the 1940s, a chance to redeem them-

selves. For the young, life will be full of opportunities to

serve, to create, and they will have a purpose for living. It

will be much tougher for the old but far from dull. What-

ever happens, it will be quite a change from the banalities

of city life now.

I have recalled my memories of the UK nearly seventy

years ago. Other participants in the Second World War,

such as Germany and Russia, would not provide evidence

as benign, because for them the cycle of victories and de-

feats profoundly affected the extent to which they were in

control of their fate. The occupied nations of Europe cer-

tainly endured stress and privation, but they were in no

way their own masters and do not make a good compari-

son between then and now. The United States was of

course deeply involved, but the shortages and incidents on

the mainland were smaller and of shorter duration. Proba-

bly the closest in experience to the UK was Japan, and it

would be interesting to have a similar comparison of life

now and in their war.

So let us try to imagine what life might be like for an or-

dinary family living in the town of Albany, about one hun-

dred and fifty miles from New York, in 2030. Assume that

the models of the IPCC predict the course of events as

shown in Figure 3.1 on page 73, but allow that they may

underestimate. The forecast global temperature rise is
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three degrees and the sea-level rise, four and a half inches.

Our family will hardly notice any change, especially since

they have had twenty years in which to adapt. In war there

are long quiescent spells then sudden violence and panic,

and so it may be with climate change. The Hudson may

have flooded seriously on a few occasions from excessive

rainfall, but so far the sea will not yet have reclaimed the

valley as a tidal creek. The most noticed things would be

the dullness and shortages and the expense of food and en-

ergy. If America has failed to abandon its love affair with

renewable energy and has failed to provide adequate sup-

plies of nuclear and solar thermal energy, electricity will be

ruinously costly and brown—and blackouts will be en-

demic. The family will complain but somehow make do.

But much of the rest of the world, including the Midwest,

will be changing to scrub and desert and drought and

famine will be taking over the once-fertile Earth. Summer

heat will have grown unbearable, despite the widespread

use of air-conditioning. World food production will be

falling as drought and heat make growth ever more diffi-

cult. Elaborate schemes to irrigate using the desalination of

seawater will alleviate some of the loss, but at a huge price

in energy. The flow of climate refugees will continue with

many settling in huge encampments possibly near the eth-

nically similar communities of earlier immigrants.

Assume that this is approximately a true picture of the

course of events if we let them just happen. But what if at

some time in the next few years we realized as we did in
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the 1940s that democracy had temporarily to be sus-

pended and we had to accept a disciplined regime that saw

our nation as a legitimate but limited safe haven for civi-

lization. It could be forced upon us by a weather event like

a series of hurricanes as severe as Katrina. Perhaps this

would be enough to bring to the fore a leader whose rheto-

ric would fire the nation to make the effort needed to

adapt properly to change instead of just patching its prob-

lems in an incoherent way. Orderly survival requires an

unusual degree of human understanding and leadership

and may require, as in war, the suspension of democratic

government for the duration of the survival emergency.

Good leadership is vital, and perhaps President Obama

will rise to fill this role and inspire leaders of other nations

to do the same.

I suspect that effective action to sustain surviving com-

munities come from internal national coherence and rare

leadership, not from international good intentions. With

luck the same will apply elsewhere in the world. There will

be time enough for internationalism during the stability of

the long hot age. We have no option but to make the best of

national cohesion and accept that war and warlords are

part of it. For island havens an effective defense force will

be as important as our own immune systems. Like it or not

we may have to increase the size of and spending on our

armed forces. Perhaps the next generation of scientists and

engineers will be competent and serve the Earth as general

practitioners serve us in medicine. In wartime old dogs
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were quite quickly taught new tricks. The first truly great

environmental disasters will usurp the political agenda and

displace many false ideas hampering change. As in war

there could be the rapid application of new technology to

climate and survival problems. I hope that it will work, but

I do not think humans as a species are yet clever enough to

handle the coming environmental crisis, and I fear they will

spend their efforts trying to combat global heating instead

of trying to adapt and survive in the new hot world. So let

us prove Garrett Hardin wrong when gloomily he said in

1968 that our condition is truly tragic; for in tragedy there

is no escape. We can prove him wrong by surviving.

Because I am old, I often think of Gaia as if she were an

old lady of about my age. I can already hear Pecksniffian

colleagues complaining, “You are doing it again—anthro-

pomorphizing the Earth, talking of it as alive.” But I say to

them, “If it is not alive then how can it die?” And die she

will when the sun’s heat becomes more than can be with-

stood. Those of us who have thought about it see her life-

span extending no more than 500 million years from now.

It sounds a lot, but since she is now 3.5 billion years old

she has already lived nearly 88 percent of her life. If I can

reach one hundred then, intriguingly, at eighty-nine as I

write, I am now the same relative age as Gaia.

The end for me could easily be the catastrophic conse-

quences of a disease like influenza that meant no more

than a few days off work when I was young. So it is with

Gaia: for her, cosmic missiles in the form of asteroids or
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comets continuously threaten. The last to hit was 65 mil-

lion years ago and did devastating damage. Should one of

these hit as she approaches 4 billion years old, that and the

extra heat from the sun may be more than she can stand,

and the great system that has kept mainstream life on

Earth for more than a quarter the age of the universe will

end. Of course, like my corpse when I die, cells and bacte-

ria will live on for a while, but the dead planet will be un-

able to sustain an environment fit for life.

I am glad that I have no notion of my own end; so with

Gaia all that can be said now is that elderly planets like

elderly people are liable to die from maladies that the

young and vigorous can shrug off. Our obligation as an in-

telligent species is to survive; and if we can evolve to be-

come an integrated intelligence within Gaia, then together

we could survive longer.
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4

Energy and Food Sources

Two important changes in our future energy supplies

emerged after I started writing this book in 2008. What has

changed is the public perception of nuclear energy and the

recognition that solar thermal energy is the most promising

of the “renewable” energy options. It even seems possible

that by using both of these we can significantly reduce our

dependence on fossil fuels, although the greater part of the

energy we use will still be drawn by burning fossil fuel for

at least a decade from now. This is inevitable for practical

and economic reasons because it takes at least a decade,

even with willing support, to replace an energy source on a

global scale, and there is unlikely to be a noticeable decline

in fossil fuel use before these two alternatives are well es-

tablished. Not only do power stations take time to replace,

but also long-distance high-power transmission cables need

to be installed for solar thermal energy coming into Europe
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from southern Spain or the Sahara. In the United States,

where there are large areas of sunlit desert in the southern

states, solar thermal energy is even more promising. Some

features of fossil fuel use are also difficult to replace, for ex-

ample liquid and low-pressure gaseous fuels deliver huge

energy flows in a very short time. When you draw ten gal-

lons of fuel into the tank of your car, the sixty seconds it

takes the energy flow is equivalent to the full output of a 25

megawatt power station. No conceivable battery or super-

capacitor could be charged this rapidly, nor can we yet en-

visage a battery-powered long-distance passenger aircraft.

It is true that liquid fuel can be synthesized from carbon

dioxide using nuclear or solar electricity, but this must wait

until the energy sources themselves are well established.

When comparing energy sources it is usually assumed

that the energy is used for electricity production. This ig-

nores the sizeable use of fossil-fuel energy by industry and

for warmth in winter. At present the major energy sources

are: fossil-fuel combustion, nuclear energy, and energy

from flowing water. None of the fashionable “renewable

energy” sources have yet made a significant impact on sup-

plies, and of these only solar energy has a chance of deliv-

ering in time to offset climate change. Wave and tide

energy have considerable promise but are unlikely to de-

liver in the next two decades. In some regions, such as the

Midwestern plains of the United States, wind power might

become a minor but significant source, as it might in places

where the trade winds blow constantly.
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At present the intermittency of supply hampers wind en-

ergy, but this would be less of an objection if the power

were used for making fresh water from the sea, for irriga-

tion, and for pumping water from inundated land. In Eu-

rope there is a rush to large offshore wind energy

installations: it is difficult to see how these could ever pro-

duce electricity reliably and economically. I suspect that

the rush to wind energy is driven more by ideologically

based subsidies than by good sense, and if the imminent

economic recession is prolonged they will be an unwanted

burden. On our small, overcrowded islands wind energy is

not a sensible choice at all because of the huge spaces

needed to gather even a small, fluctuating quantity of elec-

tricity; every acre of land may soon be needed for food

production and for recreation. For the developing world

simple solar voltaic cells can gather sunlight by day, store it

as electricity in a rechargeable battery, and provide power

for lighting and communications: such low-cost installa-

tions enrich the lives of those who live in tropical lands.

Tidal energy is well proven but limited to suitable loca-

tions, such as the Severn Estuary in the UK and the Bay of

Fundy in Eastern Canada. 

In theory it is easy to improve our use of energy by the

avoidance of waste. In practice this is hard to do in times of

plenty, and there is not yet the will to do it. A great deal

could be done to lessen the burning of fossil fuel for energy

by simple technological improvement, and I hope that our

present diminished economy will encourage it. Why, for
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 example, has it taken so long for manufacturers of light

sources to move from the exceedingly inefficient hot fila-

ment lamps to light emitting diodes (LEDs), or for car man-

ufacturers to switch from fuel-hungry monsters to small

but adequate cars that are three or more times less fuel-de-

vouring. It is easy to blame the manufacturers, but we who

buy and use their products share at least half of the blame.

As always, Europe and North America assume that the

problem and its solution lies with them alone, but in reality

the developing world and the new consumers of India,

China, and soon South America are beginning to dominate

the production and use of energy. In a similar and equally

deluded way we assume that the human presence on the

Earth is all that matters, yet when considering energy and

our use of it we must never forget that the natural flux of

energy and those essential gases oxygen and carbon dioxide

from the biosphere is nearly twenty times larger than all of

our emissions, and it changes as the world warms.

We are bemused by carbon, and when we talk and think

about our abuse of the Earth we concentrate almost exclu-

sively on greenhouse-gas emissions from transport and in-

dustry and from domestic heating and air-conditioning.

We try to convince ourselves that if we sufficiently im-

proved our carbon footprint all would be well again and

business as usual could continue. In reality increasing

numbers of people increases the population of livestock

and of the area of land we use for ourselves. True enough,
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the world total of domestic and industrial emissions of 30

gigatons of carbon dioxide annually is far too great, but so

are the consequences of too many people competing for

land with the natural forests of the world.

SOLAR ENERGY

The sun delivers 1.35 kilowatts of energy to every square

meter of the Earth it shines upon directly. An area of desert

land in the southwest of the United States of 10,000 square

kilometers (3,600 square miles) receives enough sunlight

and heat to power steam generators that could supply all

the electricity needs of the United States. A similar idea has

been considered by the EU, using the Sahara or even south-

ern Spain as a location for solar thermal power stations.

It is important to distinguish between the two main

methods of converting solar radiant energy to electricity—

solar voltaic and solar thermal. Sunlight can be directly

converted to electricity by solar voltaic cells—semiconduc-

tors that absorb light and deliver an electric current to

wires connected to the cell. This is a practical way of pro-

viding electricity to space vehicles and satellites and is well

established. The material usually used is silicon, either as

the expensive single crystalline form of the element or as

the cheaper but less efficient amorphous silicon. The con-

version efficiency for the production of electricity from

sunlight varies between 10 and 20 percent. In recent years
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more efficient alternatives to silicon have been tried. They

are usually based on some exotic and rare elements, espe-

cially gallium, indium, selenium, tellurium, arsenic, and

cadmium. The highest efficiency reached is nearly 30 per-

cent, but only under laboratory conditions. Most recently

semiconductors based on polymeric carbon compounds

have been tried. So far solar voltaic cells are not serious

candidates in economic terms for large baseload installa-

tions. But they have promise of further development and

are of immense value in small-scale uses, such as for charg-

ing the batteries of portable devices.

With solar thermal energy, sunlight falling uninterrupt-

edly on permanent desert is gathered as heat radiation

and used to generate electricity. In one method, first de-

veloped in Australia, an array of long, flat mirrors with

grooved surfaces is focused on to a long pipe suspended

above them that serves as the boiler and super-heater. The

steam made is used directly to drive conventional steam

turbines. The absence of solar energy at night is offset by

the use of steam accumulators—a nineteenth-century in-

vention—which can store enough energy to keep the tur-

bines running for hours after the sun goes down. (The

details of these solar-energy power stations were de-

scribed in the Scientific American in 2008.) Recent tech-

nological developments in cables capable of carrying

huge quantities of electricity over thousands of miles

mean that power stations can be sited at greater distances

from their customers. As an example, the energy output

THE VANISHING FACE OF GAIA

104

0465015498-2.QXP:Perseus: 5.5 x 8.25  1/29/09  11:57 AM  Page 104



of two nuclear power stations now flows from France to

the UK along cables that lie on the floor of the English

Channel. These cables can operate at near a million volt

potential and use direct current instead of the alternating

current carried by the pylons of present-day supplies. The

new main cables cost about $1 million per mile, not a

great deal in the context of supplying energy on a conti-

nental scale. Unlike many renewable energy proposals,

this energy source is not visionary. Its main components

already exist and have been tried—prototype solar ther-

mal plants are running in Arizona and the calculations

look good; let us hope that this is the next practical large-

scale energy source that we can use. Much depends on

how soon it could be implemented: if it takes twenty

years or more, it could be too late. Meanwhile declining

fossil-fuel energy and emerging nuclear fission energy can

fill the gap.

NUCLEAR ENERGY

We should regard nuclear energy as something that could

be provided in five years and could see us through the

troubled times ahead when the climate changes and there

are shortages of food and fuel and major demographic

changes. It is too easy to forget that the promising new

alternative energy sources, such as solar thermal, are not

yet available. The principle objection to an immediate

construction of nuclear power supplies is inappropriate
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legislation put in place by previous administrations and

unreasoning fear.

There are now more than 442 nuclear power stations in

the world and together they produce 17 percent of all the

electricity used, compared with 2 percent from renewables,

most of which are hydroelectricity. The safety record, their

cost, and the local acceptability of these fission-powered

stations make them the most desirable of all energy

sources. So why in the first world do we still persist in the

falsehood that they are uniquely dangerous?

I think we fail to welcome nuclear energy as the one

good and reliable power source because we have been

grievously misled by a concatenation of lies. Falsehood has

built on falsehood and is mindlessly repeated by the media

until belief in the essential evil of all things nuclear is part

of an instinctive response. Here are some of these untruths

and their refutations:

Nuclear energy emits large quantities of carbon dioxide

and is therefore as polluting as burning fossil fuel. This is

nonsense: a nuclear power station while running emits no

carbon dioxide at all. A small amount is emitted by the

transport that delivers the fuel and takes away waste, and

this is listed in Table 4.1 that lists the emissions of carbon

dioxide in pounds of weight per Megawatt hour of elec-

tricity.

Nuclear is hardly dirty compared with the rest, and the

figure given includes all emissions over its entire operation,

taking into account mining and processing the ore and
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 decommissioning and waste disposal. The figure for wind

does not include the large (825 pounds per Mwhr) output

of carbon dioxide from the back-up power station needed

when the wind is too high or too low.

It is often said that nuclear waste is uniquely deadly and

will persist for millions of years and poison the global en-

vironment. All pollution by chemical elements persists.

Lead pollution from a mine, smelter, or the factory where

it is made into things for commerce lasts forever; and the
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same is true of mercury, arsenic, cadmium, and thallium:

these toxic elements are permanently with us. What is re-

markable about nuclear waste is that it fades away. In six

hundred years the high-level waste from a nuclear power

station is no more radioactive or dangerous than the ura-

nium ore from which it originated. Far more importantly,

there is hardly any nuclear waste to worry about. The

yearly output of waste from a 1,000 MW nuclear power

station is enough to fill a medium-sized car. 

Compare the small and easily buried quantity of nuclear

waste with the mile-high mountain, twelve miles in base

circumference, of solidified carbon dioxide that the world

makes every year. The nuclear waste is a minor burial

problem, but the carbon dioxide waste will kill us all if we

go on emitting it.

Opponents of nuclear say there is a shortage of uranium.

This is utter nonsense. Uranium is not a rare element, and

even if it cost as much as gold this would barely affect the

price of electricity produced in a modern power station. 

Another falsehood is the claim that the emissions from

nuclear installations are a threat to life and health. Nuclear

radiation is a natural and normal part of our environment:

we and all life evolved with it. The emissions we inhale

from all of the world’s nuclear industry are several hun-

dred times less than that of the radon gas we breathe every

day of our lives. Radon comes from the rocks and soil and

is natural.
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These errors would be harmless were they not continu-

ously propagated and amplified by all branches of the me-

dia. Much of it is unconscious. Here is an example from a

piece by a favorite columnist of mine, Matthew Parris,

writing in an English magazine recently. He had this to

say: “Nuclear Power. A method of generating electricity

that, like road traffic accidents (which killed three thou-

sand in Britain last year), poses an appreciable risk to life

and limb; but instead of doing so through small, frequent

accidents, threatens big but rare dollops of danger. There

have been none recently; the issue has faded in the public

mind.” The juxtaposition of three thousand deaths per

year from road traffic accidents with nuclear accidents,

unintentionally suggests comparability. The truth is that

deaths from accidents having a nuclear cause in the UK

nuclear industry in 2007 were zero and in the fifty years

of its operation here also zero. True, there was a nasty ac-

cident at Chernobyl in the Ukraine twenty years ago that

killed a total of seventy-five, mostly brave firemen and res-

cue workers. Then there was the expensive industrial acci-

dent at the Three Mile Island power station where no one

was even hurt but which frightened the whole nation. In

fifty years in the whole worldwide nuclear industry no

more than one hundred have died. Compare this with the

tens of thousands who died in the coal and oil industries

and the hundreds of thousands who died in making re-

newable energy or from the consequences of using it. Yes,
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hydroelectricity is “renewable,” but who notices how

dangerous it is until a dam bursts?

Few engage in propaganda merely as a hobby, so who

benefits from it? The media does to some extent but gener-

ally, I repeat, innocently. The main benefactors of  anti-

nuclear propaganda are much more sinister, but let’s

consider the media first.

As a scientist who lately became a writer, I realize just

how difficult it must be to write a good column weekly for a

year. Most of us could manage it for a few weeks, but a year

demands an intelligent imagination and stamina that few

possess. The column writer must be the pampered aristocrat

of the media compared with the lumpen mass of writers

who deliver the flow of news. I have often wondered about

the life expectancy of journalists; those I met seemed to

work under conditions that implied an unusually stressful

life. I could not conceive a harder task than having to inter-

view the hostile and unwilling and then type up the experi-

ence to a deadline while obeying political and editorial

constraints; small wonder that even good journalists rate an

entertaining, easy-to-tell a story higher than dull and unin-

spiring truth. Good stories require a cast of demons and an-

gels; in war, whether cold or hot, figures like Stalin or Hitler

can easily be cast as arch-demons, and we can play the role

of angels. In the looming global environmental war, the

truth is that we all are the demons, and this is not an accept-

able role for us; still less is it acceptable to story writers. We

have had to invent new angels and demons.
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The environmentalist lobbies and political parties owe

their existence to the unending flow of good stories about

environmental disasters. Silent Spring was a globally effec-

tive scare story that is often said to have started the mod-

ern environmentalist movement. So, on a local scale, was

the 1970s television series The Good Life, where we the

viewers could identify with the angelic good efforts of an

ordinary couple to be “green.” The baddies were the usual

suspects: oil polluting the sea and killing birds; coal that

had to be dug by overworked and underpaid miners—both

the products of malign multinational companies moved by

nothing other than profit. We always forgot or ignored

that for most of the time the coal industry was national-

ized so we were the owners of this polluting industry as

well as the users who generated the pollution. In the 1970s

and early 1980s it was the black carbon fuel that was seen

as evil, not the invisible product carbon dioxide. We also

ignored the dangers of carbon dioxide then because the

minds of scientists were fully occupied by the threat to

stratospheric ozone posed by the CFCs.

At this time nuclear energy was cheaply, safely, and se-

curely making 30 percent of the electricity we used in

Britain and doing it quietly in the background. It took a

medium-sized industrial accident in a Soviet nuclear power

station at Chernobyl in the Ukraine to trigger the mon-

strous anti-nuclear energy story that has haunted the

world ever since. The accident, a steam explosion, hap-

pened in an unstable reactor that was undergoing an
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 unwise and improperly planned experiment. The com-

pletely sad event was a sequence of false steps that could

only have happened under the corrupt statist politics of the

Soviet Union. The seventy-five people killed were almost

all either plant workers or those called in by the state to

clean up the mess. It was a trivial event compared with the

industrial disaster in the city of Bhopal in India where, in

the early hours of the morning of December 3, 1984, an

accident at a pesticide plant released forty tons of methyl

isocyanate gas into the night air. The cloud drifted over the

town and killed thirty-eight hundred people instantly and

many times more in the weeks that followed. The Bhopal

disaster is usually cited as the world’s worst industrial dis-

aster, but how often do the media mention it compared

with the much lesser disaster at Chernobyl?

At Chernobyl the smoke from the burning reactor min-

gled with the air mass moving westward toward Europe.

Radioactivity can be measured with instruments of ex-

traordinary sensitivity, so it was not surprising that the

cloud was detected as far away as the UK. Had the wind

blown to the east we probably would never have put the

word Chernobyl in our vocabularies; as it was, the media

amplified the story until governments fearful of accusa-

tions of inactivity did incredibly foolish things. The Swedes

performed a massive cull of reindeer and we in the UK

banned the sale of lamb from the hills of Wales and Scot-

land. The ban and the cull were justified on the grounds

that the meat was dangerously contaminated when, in fact,
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it was only a few times more radioactive than meat is natu-

rally, and insignificantly dangerous to health. The Italians

closed their nuclear power stations, and the Germans pro-

posed to do the same. Even the BBC for years after

solemnly announced that there would be tens if not hun-

dreds of thousands of radiation deaths across Europe. Re-

peated investigations by teams of physicians from United

Nations agencies have failed to find any evidence to sup-

port these gloomy predictions. Radiation scientists who

could have challenged this nonsense chose to keep quiet.

When considering the consequences of Chernobyl, it is

useful to recall that the radiation exposure to all of us who

were alive in 1962 from nuclear bomb tests were one hun-

dred times greater, and despite this we now live longer

than ever.

Let me give you another example of the false fears spread

by anecdotal evidence. My wife Sandy and I live in a remote

part of England and our telephone wire crosses farmers’

fields on poles for six kilometers; often in storms it is dam-

aged and we can no longer communicate or send e-mails

this way. In practice, our BlackBerry mobile telephone keeps

us always in touch. What madness it would be for us to re-

ject the chance to communicate because we feared cancer

from the microwave radiation of mobile telephones. But this

is what more than half of us do nationally by rejecting nu-

clear energy on the same insubstantial grounds.

I am not alone in concern over the reticence of scientists

to reject the falsity of these anti-nuclear allegations and
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their unwillingness to engage in the larger cause, our sur-

vival. In a remarkable essay entitled “Scientific reticence

and sea level rise,” published in Environmental Research

Letters in 2007, James Hansen made the same comment

that reticence among scientists was inhibiting them from

warning of the threat of potentially large sea-level rise. We

scientists are too introspective and seem to have reached a

state where sometimes a neat theory supported by com-

puter calculations trumps observation and experiment. We

seem less inclined to test our ideas in the real world, and

we no longer seek the judgment of nature, preferring the

judgment of our peers. Like our theological forebears, we

are starting to produce truth in a virtual world instead of

discovering it.

It is usual for people everywhere to have a love-hate rela-

tionship with their natural environment. We want to enjoy

the products of industry and also enjoy the natural environ-

ment but ignore the unfortunate consequences of our invis-

ible and insensible emission of greenhouse gases. Those of

us who live in the United States are not different in this re-

spect. From such pioneers as Henry David Thoreau and es-

pecially Aldo Leopold, Americans have recognized the need

and value of the wilderness and at the same time the dan-

gers of unbridled industrial progress. Environmentalism

has been divided from the beginning into two main con-

cerns: one for wildlife and the countryside, the other for the

health and quality of life in the urban environment. Rachel

Carson, through her book Silent Spring published in 1962,
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was the first to link harm to wild birds with harm to urban

humans, by singling out the malign effects of the excessive

application of chemical pesticides. She was the first to make

us fully aware that the products of our industries were

reaching an apparent abundance that threatened life on a

global scale. Her science was excellent, but the conclusions

drawn by the media and by environmental lobbies hugely

exaggerated the dangers.  As I will explain in Chapter 8, the

pesticide DDT was banned because it was claimed without

proof to be a human carcinogen. Yet it was in use as a mos-

quito-killing agent to control malaria and had been saving

2 million lives a year, mostly in Africa. The confusion over

dangers from chemicals was intensified as instruments

grew ever more sensitive until it was easy to show that

measureable quantities of pesticide chemicals were every-

where on Earth. The same was true of the detection of nu-

clear radiation and radioactivity. Our fear of nuclear

energy has the same false basis as the fear of chemicals,

and as an instrument inventor I am partly to blame. Nu-

clear energy also had the misfortune to be associated with

nuclear weapons. 

The confusion over the environmental consequences of

our emissions coupled with false anecdotal evidence about

the harm they did led to a panicky urban environmental-

ism, where toxic chemicals permeated every house and

yard and led to the belief that everything nuclear, including

the use of nuclear energy to make electricity, was bad, un-

healthy, and sinful. It became easy for the media to use it in
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their stories. No political party anywhere in the world has

the courage fully to endorse nuclear energy as the greenest,

cheapest, safest, and most secure source of electricity.

So who benefits from the anti-nuclear propaganda? Nor-

mally the media can smell a rat better than a hungry terrier

can, and I was slightly surprised that they did not wonder

more about the murder of the Russian dissident Litvinenko

in 2007 in London. He was cruelly poisoned by a few hun-

dred nanograms of the radioactive element polonium 210.

It is an element of the sulphur family of the periodic table

which is readily incorporated into the simple biochemicals

that feed the cells of our bodies so that when swallowed it

soon finds its way to every cell of the body. The poisonous

dose of polonium was carefully chosen. It was enough to

cause about seven polonium atoms to disintegrate in every

cell of the victim during the few days of life left to him.

Polonium emits helium atoms traveling at a fraction of the

speed of light, and they plough through the vital structures

of a cell so that one or two of them is usually sufficient to

kill a cell. An evil way to kill someone: a slow, unstop-

pable, tortured death. There is ample evidence that the

agents of the murder were Russian and the container of the

radioactive element was leaky enough to leave a trail from

the airliner that brought the assassin to London to the ho-

tel where the poison was added to a cup of the victim’s tea.

What an opportunity was missed by some imaginative

journalist or thriller writer to have set a scene somewhere

in Moscow with a cast of professionals from security agen-
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cies or energy corporations. The meeting would have in-

cluded the assassin, toxicologists, and managerial bureau-

crats. Someone says, “You realize, do you, that a poisonous

dose of polonium 210 will cost about ten million dollars?

Why not use ricin—we know that that’s a reliable poison

and a lot less visible to the media; moreover, it will cost less

than a dollar.”

Another bureaucrat adds, “Yes, and to make the polo-

nium we have to seek time on a reactor, which is already

fully occupied with other important tasks.”

At which a senior manager intervenes. “Gentlemen,” he

says, “the purpose of this action is not merely to punish a

traitor—and that alone needs visibility and media amplifi-

cation—but more importantly to keep the West frightened

of all things nuclear. Our future as a world power depends

on our ability to make them wholly dependent on us for

their supply of oil and gas; their use of nuclear energy

would free them of this dependency and we could lose our

ability to make the world go the way we wish. Ten million

dollars is nothing in that cause.”

This scene is no more than a figment of my imagination,

but it could have made a good story at the time. Moreover

it grows more credible as we move into the twenty-first

century, when political power and business opportunity

will more and more be linked to energy supply. It would be

naïve to expect energy companies to stand aside and see

their profitability hampered by inexpensive nuclear energy,

and the same must be true for the thwarting of national
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 aspirations. The cash flow of nuclear industry is tiny com-

pared with that of oil, gas, or coal companies, and the

money available for advertising the advantages of nuclear

is proportionately less.

Fear of nuclear has become so deeply entrenched that if

an engineer in a Japanese nuclear power station drops a

wrench on his foot and needs first aid it is given headline

exposure in our newspapers as a “Serious accident in Japa-

nese nuclear power station.” The death of a hundred or

more Chinese miners in an underground coal mine explo-

sion rates not more than a small paragraph in the depths

of the same paper.

What I have just written is no exaggeration. In July 2007

an earthquake in Japan shook a nuclear power station

enough to cause its automatic shutdown; the quake was of

sufficient severity—over six on the Richter scale—to cause

significant structural damage in an average town. The only

“nuclear” consequence was the fall of a barrel from a

stack of low-level waste that allowed the leak of about

90,000 becquerels of radioactivity. This made headline

front-page news in Australia, where it was said that the

leak posed a radiation threat to the Sea of Japan. The truth

is that 90,000 becquerels is just twice the amount of natu-

ral radioactivity, mostly in the form of potassium, which

you and I carry in our bodies. In other words, if we accept

this hysterical conclusion, two swimmers in the Sea of Ja-

pan would make a radiation threat. 
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FOSSIL  FUELS

This book is not the place to list comprehensive statistics

of fuel reserves and production. With modest effort and

discernment they are available on the Internet, but I will

include some comments on the fuels now in use and on our

food prospects for the coming century.

There are huge reserves of coal, oil, and natural gas still

left, and in addition there are even larger reserves of less

efficient fuels such as tar sands, shale, and peat. The catch

is this natural fuel is renewed very slowly, at one-hun-

dredth the pace we burn it. It is not the amount that we

have burnt but the rapidity with which we are doing it that

matters. However if in your car you used petrol or diesel

fuel made from atmospheric carbon dioxide using nuclear

energy or solar thermal energy you would be doing some-

thing good for the planet. It is not the fuel that is damaging

but the balance sheet of its production and use. It all de-

pends on population, as my friend and mentor Chris Rap-

ley, director of the Science Museum, often reminds me. If

there were only 100 million of us on the Earth we could do

almost anything we liked without harm. At 7 billion I

doubt if anything sustainable is possible or will signifi-

cantly reduce fossil-fuel combustion; by significantly I

mean enough to halt global heating. Seven billion living as

we do, and aspire to do, is too many for a planet that tried

to self-regulate its climate.
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If we could collect all of the carbon dioxide emitted

from the burning of fossil fuel before it reached the air, we

might be able to bury it deep underground in spaces from

which it could not escape. Attempts to do this are under

way around the world, but these must surely fail to stop

global heating because their total effect can never be large

enough. More details of these and other schemes for resist-

ing climate change are in Chapter 5.

Crude oil was first exploited commercially in Pennsylva-

nia in the United States in 1850. Soon after its discovery it

was realized that the distilled product of the crude material

was more saleable. Petroleum made its first mark on the

world as kerosene, or as it is called in the United Kingdom,

paraffin. It was used worldwide mainly for lamps and

cooking stoves. In some parts of the world, especially

Africa, it is still so used. In the 1920s and ’30s, I was often

sent to remote farms for school holidays. Quite often the

cooking was done on a paraffin stove and the food tainted

by the malodorous fuel. When travel by jet aircraft became

commonplace, the smell of paraffin became more familiar.

One unremarked advance in petroleum chemistry has been

the removal of most of the intensely odorous components

of paraffin and diesel fuel so that now the smell is almost

bearable.

By the end of the nineteenth century the distillation of

crude oil had developed hugely. The products were light

gases; volatile liquids (for example petrol/gasoline), less-

volatile liquids (paraffin and diesel fuel), heavier fractions
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that were the fuel oils for ships and furnaces, the almost

nonvolatile lubricating oil fraction, and finally what was

left of the distillation process was tar or asphalt. I have

spent some of my life in or close to oil refineries in the UK

and the United States. For me there was always an element

of awestruck fascination in a visit to one of these orderly

entanglements of pipes amid the deafening roar of the re-

fineries operation in the background. At first I visited as a

pioneer of gas chromatography and showed their chemists

how to separate and identify the huge range of hydro -

carbons that go to make up a fuel like petrol. Something of

great interest to them, since the quality of the fuel—its oc-

tane value—depended on its composition. In turn I learnt

that running a refinery was rather like piloting a plane that

almost never lands. The crude oil arriving in tankers from

distant places has to be pumped to quite limited storage

tanks from which it then flows continuously to be distilled.

The seven or more separate streams from the distillation

column also flow continuously through a series of further

refinements until, without stopping, they enter the product

storage area. Liquid fuel is somewhat like electricity: once

made, it has to flow until burnt or used. The possibility of

a long strike of tanker drivers was a permanent anxiety for

refinery pilots; the unplanned stopping of a refinery was

somewhat like landing a plane on a motorway.

All fossil fuel is biological in origin, and this is even true

of natural gas, which is one of the main energy providers

for much of the world. Not long ago it was considered the
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cleanest, most efficient, and least polluting of all fossil fu-

els, and much of Europe’s reduction of carbon dioxide

emissions comes from its use of readily available natural

gas. The molecule of methane contains four hydrogen

atoms for its one carbon atom, so when burnt roughly half

the energy comes from the hydrogen content whose com-

bustion product is water. The carbon, of course, gives car-

bon dioxide, but only half as much as coal or oil for the

same amount of energy.

Not only this, methane can be burnt directly in thermo-

dynamically efficient gas turbine systems from which the

waste heat can be used for town heating. Woking, in Sur-

rey, has one of the lowest pollution figures of any town in

the UK largely through the use of combined heat and

power generation. If the world had stayed as it was in

1960, conversion to methane burning might have been

enough by itself to meet the need to halt climate change.

We have become so profligate in energy use that pressure

on the world’s reserves of methane has led to price rises

that still further taint the once pristine quality of the

gaseous fuel. It is rarely mentioned that if methane leaks

into the air before it is burnt, it has a greenhouse effect

about twenty times greater than carbon dioxide.

Coal is the truly dirty fuel. From the marital discord

caused by a miner who leaves his carbon footprint on his

wife’s new carpet to the London disaster of 1952 when

more than five thousand died from coal-smoke poisoning

in one night, it has always had this reputation. Countless
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numbers still die and are made ill by coal smoke world-

wide, especially in China and Mongolia. Yet it is not the

coal itself that kills but the inefficient way we burn it in

open fires. London’s air, apart from traffic pollution, is

now almost clean to breathe, although 33 percent of all the

electricity we use still comes from burning coal. In 2008

Sandy and I were invited to have breakfast at a London

hotel with James Rogers of Duke Energy, and Mary, his

wife. My friend Stewart Brand had made the introduction

and thought that we would both benefit from the meeting:

he was right. I found Jim Rogers, a leading figure in the

huge American coal industry, to be as concerned with our

future as I was, and wonderfully practical. We shared the

opinion that there was neither the time nor the resources

to bury the carbon dioxide effluent of coal-fired power sta-

tions on a global scale. It was invaluable to hear from him

how huge the usage of coal worldwide as the prime energy

source was. Whether or not we can reverse the climate

change now happening depends on how fast we can do it.

The meeting confirmed my view that globally there is very

little chance of going back to the world of one hundred

years ago.

RENEWABLE ENERGY

Renewable energy is usually defined as energy generated

from natural resources—such as wind, sunlight, flowing

water, tides, geothermal heat, biofuels, and the burning of
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biomass—which are naturally renewed. It sounds good for

both humans and the Earth, and many people truly believe

its full use could “save the planet.”

Renewable energy is something that comes from Gaia,

whereas fossil fuel and nuclear energy are human made

and therefore dirty. This is wholly untrue and a myth that

goes back at least to Jean-Jacques Rousseau. We imagine

that somehow we can all live naturally and that natural en-

ergy and organic food are fundamentally different and bet-

ter in quality than what is manufactured. It may seem that

blowing wind and flowing water are more natural than a

nuclear reactor, but they are not: there were natural nu-

clear reactors in what is now Gabon in Africa that kept

warm the microorganisms that made them 2 billion years

ago. Also the turbines that extract renewable energy from

the wind or water flow have to be manufactured: they

wear out and need renewing, and so do the steel tower and

the blades that rotate. All the energy we use, except nu-

clear, is second- or thirdhand solar energy, and the term

“renewable energy” makes no sense in our present world.

So what makes it so attractive even to hardheaded busi-

nessmen? They are attracted by the subsidies offered by

governments driven by the pressure of a fashionable and

trendy environmentalist ideology. The same persuasive

force makes them penalize what is perceived as ungreen:

coal, oil, and nuclear energy.

Can energy be distinguished as renewable or not accord-

ing to its source? No, it cannot. The first law of thermo -
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dynamics, one of the three great laws of the universe,

states “energy is always conserved,” but there is nothing

even in the fine print about it being renewable. In this uni-

verse, energy cannot be renewed: all that you can do is

take it, use it, and be grateful.

The word “conserved” is easier to understand. Think of

a pint glass of cold water: if you add to it a single teaspoon

of boiling water and mix it in, the glass of water will be-

come barely perceptibly warmer. But the total heat energy

of the water in the glass will have been raised by exactly

the amount of heat energy in the spoon of boiling water.

Energy was therefore conserved. Interestingly, if you had

an instrument maker build you a tiny engine, the difference

in temperature between that spoon of boiling water and

the glass of cold water could have been used to drive a tiny

dynamo and make electricity. But however you used the

electricity, the energy would still have been conserved.

The adjective “renewable” is used as a human value

judgment: it has no basis in science. But because we are not

gods and goddesses who can produce energy or matter

from nothing, we have to obey the laws of the universe,

and surprisingly this implies that anything we make is nat-

ural. A four-wheel-drive SUV and the fuel in its tank are as

natural as a termite nest. Without life on Earth neither of

them could exist, nor could the car be driven; we too easily

forget the fuel is useless without oxygen. SUVs and the fuel

in their tanks are not intrinsically good or bad, although

what is done with them can be. So what is all the fuss
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about? The fuss is that that there are so many of us that we

burn fuel more than one hundred times faster than the

Earth can renew it.

WIND ENERGY

Like nuclear, wind energy is one of the more contentious

and vexatious of energy sources. Used sensibly, in locations

where the fickle nature of the wind is no drawback, it is a

valuable local resource, but Europe’s massive use of wind

as a supplement to baseload electricity will probably be re-

membered as one of the great follies of the twenty-first

century—an example of impressive engineering misused by

ideology and as inappropriate as passenger transport by

hydrogen-filled airships. There are regions in the United

States and Canada where wind farms could make sense.

These are regions such as the panhandle on the  Texas–

Oklahoma border that have a favorable meteorology, a

lack of other sources of energy, and an opportunity to use

a friendly tax regime.

I must declare a special personal dislike of large wind

turbines onshore. My home is in the county of Devon in

southwest England, which is one of the last areas of Britain

to retain the small-scale, checkerboard pattern of fields en-

closed by hedgerows that have made our countryside so

admired around the world. The South-West Coast Path

goes 630 miles from Minehead in Somerset to Poole in

Dorset, and passes along the Devon coast north and south.
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This coast includes some of the most magnificent scenery

of Europe, and part of it has rightly been chosen as a

World Heritage Site by UNESCO. I chose to live here be-

cause I treasure this, one of the few remaining areas of

countryside largely unaffected by urban influence or indus-

trial farming, and see it as an example of how people and

the land can live together in a seemly way. To make this

county the site of an industrial-scale source of electricity

from wind energy is to me as philistine as placing a sewage

farm in London’s Hyde Park or New York’s Central Park,

yet this is the intention of our government, albeit under

heavy pressure from the European Union.

Were these wind farms truly efficient and capable of re-

solving our power needs, I might be persuaded to grit my

teeth and endure their ugly intrusion, but in fact they are

almost useless as a source of energy. It would take one

thousand square miles of countryside to provide enough

land for a 1 gigawatt wind-energy source. The wind blows

only 25 percent of the time at the right speed to generate a

useful quantity of electricity; therefore this monster would

need the back-up of a near full-sized fossil-fuel power sta-

tion to supply electricity whenever the wind blew too

much or too little.

In addition to the negative propaganda directed at nu-

clear energy, there are almost as many untruths propagated

about the favorable qualities of wind energy. Take for ex-

ample the British intention to build the world’s largest

wind farm in the Thames Estuary, which would have 341
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turbines occupying an area of 230 square kilometers. It is

claimed to be a 1 gigawatt project and therefore equal in

output to a typical nuclear power plant. In the hype at-

tending it is the claim that it will provide enough electricity

for one-third of London’s homes and save the emission of

1.9 million tons of carbon dioxide. It sounds good until

you realize that a full-sized, presumably coal-burning

power station, emitting copious amounts of carbon diox-

ide, will have to be built to back it up when the wind does

not blow. Its real averaged output would be only 400 MW

of fluctuating electricity. If it were steady, which it is not, it

would be enough for 830,000 homes each consuming

4,200 kWh yearly. I am glad the oil company Shell had the

wisdom despite subsidies to pull out of this flawed project.

To survive on these islands with a population perhaps as

large as 100 million requires a constant and reliable source

of electricity from indigenous fuel. It would be madness to

attempt it without nuclear energy. It is sad that so many of

the environmentalist movement and their intellectual fol-

lowers still oppose nuclear on grounds as insubstantial as a

fear of hellfire and Satan.

Let us compare the energy sources now proposed. The

footprint of coal and nuclear power stations are compara-

ble and a 1 gigawatt station occupies about 30 acres, or

approximately six soccer pitches. Similar output gas-fired

power stations occupy only about 15 acres. But solar

power stations would require 5 square miles of desert at
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latitudes as low as 30 degrees (so far distant from Britain).

Wind energy requires 1,000 square miles for a 1 gigawatt

onshore installation. The only entirely nonpolluting source

is solar thermal; wind and solar voltaic are in practice pol-

luting because they would need back-up from fossil fuel

when not producing. The disposal of the small quantity of

nuclear waste I have considered as pollution even though it

has no climatic significance.

Now that extravagance is no longer in fashion there is

no excuse to maintain subsidies for any energy source.

There is considerable choice, and inefficient sources such

as wind in the UK should be abandoned in favor of nuclear
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energy. In Europe and the United States the promise of so-

lar thermal energy increases the options.

Climate change may force us to develop new sources of

food and energy; we need to react promptly and know the

time it takes to establish something new on a global scale.

The time will be determined by engineers and inventors,

and their ability can be summed up in that phrase used by

patent lawyers, “reducing to practice.” It sounds easy but

is the crucial process that turns an inventor’s rough sketch

on the back of an envelope into something that might be

handy to have in your kitchen. Good engineers, through a

long series of small steps, can turn an amateurish idea into

polished practical utility. This way the first steam engines

were slowly improved until they became the reliable and

crucial part of nineteenth- and early twentieth-century in-

dustrial civilization.

The gestation period from a seminal idea to globally

marketable product is far longer than we usually think—

indeed it is on average about forty years. It takes that long

to improve the first rough working model into something

that affects nearly everyone. The first suggestion of televi-

sion came sometime close to 1900, but it was not until the

1950s and ’60s that television sets entered homes world-

wide. The Wright brothers flew their first plane in 1900,

but it was another forty years before we could begin to use

the atmosphere as an alternative medium through which to

travel. Those in love with technology who believe all the

words written by imaginative science writers find it hard to
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believe that, despite Moore’s Law by which computer

chips double their speed every one and a half years, it still

took forty years from the first working electronic comput-

ers in the Second World War to the widespread use of com-

puters in the home.

It will probably take at least ten years to make real on a

global scale abundant energy from solar thermal energy or

tidal energy, but from the expensive daily advertisements

of energy companies you might imagine that cheap and

abundant environmentally friendly energy was on sale

now. It is not: the attraction of these green energy schemes

is simply the feedback of a portion of the subsidy, not that

they are inherently good or could compete in the market-

place on their merits alone. It is only rarely that encourage-

ment by subsidy is efficient. Subsidizing air travel in the

1920s would not have made it competitive with rail travel

or passenger ships. Air transport had to await a full under-

standing of aerodynamics and the development of jet en-

gines before it truly took off with all of us on board.

It is equally foolish to imagine that a wartime approach,

such as the Manhattan Project, would rapidly speed up

progress. In practice this kind of approach may work well

for the development of an existing possibility, but it can hin-

der new invention. Babbage in the nineteenth century was a

genius to do as well as he did in designing a mechanical

computer, but no amount of subsidy then would have accel-

erated those essential steps, the invention of the transistor

and later of integrated circuits, which led to your own
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 personal computer. Rushing invention is only rarely success-

ful. Even the Manhattan Project had to build on the pre-war

discoveries of Hahn, Meitner, Pierls, and other scientists; its

end product was a bomb, albeit a very powerful one, and it

still took forty years from the discovery of the neutron by

Chadwick in 1932 before nuclear energy became a practical

source of energy supply on a global scale. It was not until

the 1970s that electricity from nuclear fission was a signifi-

cant part of the supply to every home in the UK.

The novelist C. P. Snow described the disagreement in

Britain between humanists and scientists in his book The

Two Cultures. From about 1980 the humanists have been

victorious, and the credibility and character of scientists

and engineers has been downgraded. Much of the failure

to prepare for and counter global heating comes from the

inability of otherwise able politicians and civil servants,

who are only rarely scientists, to understand the message

from good scientists and engineers, and distinguish be-

tween genuine and alternative science. Too often the stri-

dent over-optimistic cries of entrepreneurs or trade lobbies

trump sound and practical advice. Global heating is al-

ready here and we cannot afford to wait any longer. We

need to start preparing our defenses now.

FOOD AND LIVING SPACE

As the Earth heats, dries, and loses land to the ocean, 7 bil-

lion people will be squeezed into an ever decreasing area of
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fertile land. There will be island havens and areas that re-

main productive of food on the continents, but only where

there is an abundant supply of water. If, for example,

Britain is to become the haven for Europeans escaping

global heat, we would need a secure supply of food and

energy, sufficient to keep as many as 100 million well fed.

Just as important, we need housing for them and cities

with a full infrastructure for shops, schools, hospitals, and

workplaces. People everywhere have been amazingly care-

less about land use and fooled by globalization’s cornu-

copia of food that they seem to think will go on forever.

Rising food prices, like the first gusts of a great storm, her-

ald the famine soon due. Now that the days of plenty are

ending, how can we use the acreage that remains to grow

the food we need?

The yield from modern agribusiness farms is far greater

than that from the traditional farms I know and love—and

for some time it seems that they are the only way to sustain

a sufficient supply of food.

As agribusiness and urban sprawl takes up land, it will

be hard for those with a love for the wilderness and the

gentler countryside we once enjoyed, but there must be

sensible give as well as take. Cities need parks, and the na-

tion needs national parks. We are lucky to have long

stretches of national trails through superb scenery and

well-established footpaths along them. These areas are no

place for growing food, or for that matter for energy

farms. Intensive growth in greenhouses and transparent
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plastic tunnels is already happening, and as imports from

abroad decline our need will increase for market garden-

ing, growing vegetables and fruit. I wonder if we will still

have cattle and sheep—a very inefficient way of producing

food—or whether waste-eating poultry and pigs will pro-

vide our meat.

My dream is that we will discover how to synthesize all

the food we need from carbon dioxide, nitrogen, water,

and a few minerals. Given abundant energy, it is not diffi-

cult to synthesize simple amino acids and sugars, which

are the normal food of living cells, from air and water. This

could then be the feedstock of bulk animal or vegetable tis-

sue that could be harvested as food. Perhaps a biopsy

sample of the leg muscle of a single Aberdeen Angus bull

would in this way provide steaks for a multitude. (Some-

thing similar to this kind of synthesized food already exists

in a commercial form. It is a cultured myco-protein pro-

duce that supermarkets sell under the brand name

“Quorn.”) Then the footprint of food production would

shrink until whole swathes of land could return to Gaia.

Maybe we could redeem technology and return this way to

the natural world that was there before we began to use

fire. Massive crop failure in future adverse climates would

give food synthesis an immediately vital role. But like other

technological dreams we do not have the time to do it now.

On small island havens like New Zealand, Hawai’i, Ja-

pan, Taiwan, and the British Isles, the first need would be

housing for the millions of climate refugees and making
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sure that there was an area of land sufficient to feed them.

My inclination would be for the compact cities envisaged

in Lord Rogers’s book Cities for a Small Planet. High-den-

sity living is not only possible, but it is far better than sub-

urban and exurban sprawl. New towns of this kind would

set free land instead of, as now, competing with it. In such

tight cities nearly everything needed could be no more than

a walk away. Pedestrianized areas in towns and cities are

already showing the way to go. As an addicted walker, I

dream of city centers in Boston, San Francisco, Osaka,

London, Paris, or Florence without wheeled vehicles of

any kind. A great surprise in the Second World War was

the discovery that the output of food per acre was four

times greater in gardens and on allotments than it was on

farms. For many people growing food on a small personal

scale is a fulfilling part-time occupation.

More than 50 percent of the world’s inhabitants now

live in cities, and in the wealthier nations more than 90

percent are urban dwellers. The trend is for more and

more to leave the country for a new life in the city. I sus-

pect that a well-run city uses less food and energy than a

civilization of villages and isolated farms; certainly less

than the distributed exurban communities that surround

most of the developed world’s towns today. We could al-

most assume that in the first world we are all the denizens

of cities, and as such wholly dependent on regular sup-

plies of food, water, raw materials, and energy. Few in city

houses or apartments ever go to the well for water or dig
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up potatoes to eat. Almost like a super organism, the city

grows and lays down, like the roots of a tree, its network

of water, gas, and sewer pipes and its electricity and com-

munication cables. We only notice their existence when

something goes wrong—a bad smell from the drains,

cloudy water from the tap, or intermittent electric light

and heat. To keep these supplies constant requires a pow-

erful system of regulation, which almost always uses elec-

tricity. The sewers once carried their effluent using gravity

alone to power the flow, but as the city grew pumps be-

came necessary. These pumps and pumps for drinking wa-

ter, with their control valves to regulate pressure, are all

operated electrically from control stations. The under-

ground and overground trains are electrically powered, as

are the fuel pumps that fill the cars and lorries. Apart-

ments and office buildings all have lifts and lighting

dependent on the constant availability of electricity, and

so do the mobile and landline phones that enable our

ceaseless chatter. As well as all this there are the television

and radio systems; and we play games, write letters, and

perform so many of the practical functions of modern life

using personal computers—whoever heard of a gas or

steam PC?

Such is the city dweller’s total dependence on a constant,

unvarying supply of electricity. Without it a city dies, and

quickly—as you would without oxygen. The individuals in

a city deprived of electricity live on a little while in frantic

but aimless activity, just as do the cells of a newly dead
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body; within a week all that was alive is dead. The corpses

are slowly repossessed by the natural world.

Have you ever thought what would happen to a major

city if there were no electricity for a week? This is what

could happen if we put faith in environmentally friendly en-

ergy to run our lives. Imagine that wind turbines entirely re-

placed our aging nuclear power stations, that we had taken

the message to heart and closed the last coal-fired power

station to “save the planet” and run our cities on wind and

Russian gas. Sustaining a city requires constant and reliable

supplies of energy. Enduring only intermittent supplies is

not an option. This was well illustrated a few years ago on

UK television by a BBC Horizon program about the conse-

quences of the failure of London’s electricity supply. It

showed as a drama what would happen to the city and its

people if electricity were cut off for one week. The imag-

ined cause was a disaster in Europe that disabled the supply

of gas through pipelines beneath the North Sea, coinciding

with a cold anticyclonic spell of weather that made wind

power useless. I knew before the program that urban life

was greatly dependent upon electricity, but I did not know

how many of our daily activities could not proceed with-

out it. The program revealed the vulnerability of sewerage

and water supply systems, and how both depend on elec-

tricity for their operation; so do traffic lights, the pumps

that supply fuels in petrol stations, and supermarkets, es-

pecially their refrigerators. Street and home lighting, eleva-

tors in high-rise buildings, hospitals, and policing—indeed
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almost everything is dependent on electricity. The program

showed how in the course of one week London degener-

ated into the condition of a camp filled with starving

refugees. This was fiction, but from discussion with col-

leagues in the energy and power transmission industries I

have little doubt that it was near the truth.

If the Earth does move to or near the hot state, more

than seven degrees hotter than now, only a limited area of

land will be available for the natural ecosystems to share

with us. It would probably be unwise of us to take more

than 30 percent of this area for ourselves, and to allow for

expansion and mistakes means that it would probably be

better to aim at no more than 10 percent. Failure to keep

the natural ecosystems of the land would leave the Earth’s

self-regulation entirely to the ocean ecosystems, which are,

in a hot world, partially disabled by the formation of a

warm top layer deprived of nutrients. A high-tech, com-

pact civilization would have these advantages: food syn-

thesis would lessen its impact on the planet, and the

widespread desert of this calorific planet would be an am-

ple provider of solar electricity. Such a civilization gives us

the chance to cease being a burden on Gaian regulation

and time to learn how to complement it. A high standard

of living with women empowered and well educated

would perhaps provide an automatic curb to population

growth. If this were global in extent, disruption by war

might be less likely.
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5

Geoengineering

There are signs that we can treat global heating by engi-

neering or other means. We have proved that our unsched-

uled and unintended experiment of adding large quantities

of carbon dioxide to the air by burning carbon fuel heated

the planet, and we now know that it was a mistake. Does

this mean that we can cure global heating by adding some

other gas or material that does the opposite and cools? Sci-

entists, including me, think that we may have little option

but to try; but surely it is much better to try as a planned

experiment than as a panic response to, for example, the

simultaneous flooding of several coastal cities.

If geoengineering is defined as purposeful human activity

that significantly alters the state of the Earth, we became

geoengineers soon after our species started using fire for

cooking, land clearance, and smelting bronze and iron.

There was nothing “unnatural” in this; other organisms
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have been massively changing the Earth since life began

three and a half billion years ago. Without oxygen from

photosynthesizers, for example, there would be no fires.

Organisms change their world locally for purely selfish

reasons; if the advantage conferred by the “engineering” is

sufficiently favorable it allows them, their progeny, and

their environment to expand until dominant on a plane-

tary scale. Our use of fires as a biocide to clear land of nat-

ural forests and replace them with farmland was our

second act of geoengineering. Third was industry for the

last two hundred years. Together these acts have led us and

the Earth to evolve to its current state. As a consequence,

most of us are now urban and our environment is an arti-

fact of engineering. During this long engineering appren-

ticeship we changed the Earth, but until quite recently, like

the photosynthesizers, we were unaware that we were do-

ing it; still less of the adverse consequences.

It might seem that the fourth assessment report of the

IPCC, by more than a thousand of the world’s most able

climate scientists, who have worked on it since 1991,

would provide us with most of what we need to know to

ameliorate adverse climate change. Unfortunately it does

not, and many climate scientists would acknowledge that

their conclusions so far are tentative. The gaps that exist in

knowledge about the state of the ocean, about that part of

the Earth’s surface that is ice, the cryosphere, and even the

clouds and aerosols of the atmosphere make prediction un-

real. The response of the biosphere to climate and compo-
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sitional change is even less well understood. We may soon

need geoengineering applied empirically because careful

observation and measurement show that even today some

parts of climate change, for example sea-level rise, are hap-

pening faster than the gloomiest of the forecasts.

GEOENGINEERING TECHNIQUES

Geoengineering methods fall into three main categories:

physical means of amelioration such as the manipulation

of the planetary albedo (the amount of sunlight reflected

back to space); physiological geoengineering that includes

tree planting, the fertilization of ocean algal ecosystems

with iron, the direct synthesis of food from inorganic raw

materials, and the production of biofuels; and, finally, ac-

tive or Gaian geoengineering that involves the use of the

Earth’s ecosystem to power the process, or to change the

nature of climate feedback from positive to negative. In

connection with this idea I will also briefly describe the

proposal that oceans be fertilized to encourage algal

growth by mixing into the surface waters nutrient-rich wa-

ter from below the depth that separates the warm surface

water from the colder water below.

The most talked-about procedure for changing the

Earth’s heat balance by reflecting solar radiation back to

space is the introduction of an aerosol of sulphuric acid

droplets into the stratosphere. The Russian climatologist

Budyko first suggested this in the 1970s, and the pros and
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cons of it have been discussed since by distinguished scien-

tists including Robert Dickinson, Paul Crutzen, Robert

Charlson, and Meinrat Andreae and Ken Caldeira. Sul-

phur dioxide oxidizes rapidly in the stratosphere, and the

end product is sulphuric acid in the form of tiny droplets.

These droplets are small enough to float in the stratos-

pheric air like smoke and take three years to settle out. The

strongest argument in favor is the fact that the volcano

Pinatubo injected 20 million tons of sulphur dioxide into

the stratosphere. Atmospheric global warming appeared to

halt for the next three years. Apart from the severe local

damage sustained in the Philippines when the volcano

erupted, there do not seem to have been environmental

changes significant enough to rule out the use of sulphur

compounds for geoengineering. Many environmental sci-

entists oppose the idea on the grounds that it would en-

courage business as usual and the continued emissions of

carbon dioxide. Moreover, while the air temperature might

be cooler, the increased carbon dioxide in the air would

continue to damage ocean ecosystems through ocean acid-

ification. I agree with this analysis but think that ameliora-

tion of this kind should be regarded as equivalent to

dialysis as a treatment for kidney failure. It is valuable as a

way to buy time, to survive until something better is avail-

able. Who would refuse dialysis if death were the alterna-

tive? It might be thought that the millions of tons of

sulphuric acid aerosol would add significantly to the acid-

ity of the ocean. This is the least of our worries because the
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quantity of sulphuric acid from the aerosol is tiny com-

pared with the acidification from carbon dioxide, which

when dissolved in the sea exists as carbonic acid.

Proposals for the introduction of sulphur into the strato-

sphere have inspired some ingenious inventions. Release

from commercial aircraft when they are flying at suitable

stratospheric altitudes would be the easiest, and chartered

flight-refueling tankers could be modified for this use. If

two hundred tons of sulphur could be lifted to the strato-

sphere by such planes, fifty thousand flights would be the

equivalent of Pinatubo. The chemical compounds that

could be the precursors of a sulphuric acid aerosol include

sulphur dioxide, hydrogen sulphide, carbon disulphide, or

slurry of colloidal sulphur. The first three are dangerously

toxic to carry on a passenger plane and irritating or un-

bearably smelly. One or two tons of sulphur compound re-

leased by the majority of commercial aircraft would

produce a substantial aerosol in a few years. It may not

matter much where the release occurs. Large volcanoes in

places as distant as Iceland, Indonesia, and North America

have all been followed by notable worldwide cooling.

Paul Crutzen and Ken Caldeira have both proposed

other methods for introducing sulphur to the stratosphere.

Crutzen proposed the use of military hardware: guns that

fired shells laden with sulphur compound. Caldeira sug-

gested a lightweight plastic pipe carried up by a balloon as

a conduit for (probably) hydrogen sulphide since it is the

lightest of sulphur carriers. If this treatment is prescribed
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we need some effective geo-clinical trials before it can be

deployed. It is argued that the sulphate aerosol could

worsen ozone depletion by chlorine and bromine com-

pounds still in the air. I doubt if this argument, even if true,

should be used to stop sulphate aerosol cooling. Ozone de-

pletion, once a serious global problem, now pales in sever-

ity before global heating and if it occurs should be

regarded as a side effect of an otherwise useful treatment.

Lowell Wood and others have proposed the use of a sun-

shade in orbit around the sun and in synchrony with the

motion of the Earth. There is a natural point of stability

that would allow the sunshade to stay in position with a

minimum expenditure of energy. The shade would be a di-

aphragm made of fine carbon-fiber mesh that would be

spun into a disk ten or more miles in diameter. It would

disperse a few percent of the sunlight incident upon the

Earth. In principle it could work, but so far there seems to

be little interest by agencies with the large funds that

would be needed. It is in the same category as proposals to

use space technology to prevent the Earth encountering

hits from space debris of natural origin, and would have to

be run by a large national or international agency.

Another way to increase the Earth’s reflectivity is to

make low-lying clouds over the oceans. These would be

the artificial equivalent of natural marine stratus clouds.

John Latham of NCAR has joined with Steven Salter and

pioneered the design of simple devices that make large

numbers of cloud condensation nuclei (CCN) by spraying
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seawater. Because this approach has far fewer potential ad-

verse side effects than the stratospheric aerosols, it should

be tried on a sufficient scale to assess its worth.

It seems there is no shortage of geoengineering methods

to offset global heating. Used alone they are no cures, since

carbon dioxide would continue to increase and do damage

in other ways than heating, but they could usefully provide

a stay of execution while a more permanent treatment is

developed.

SEQUESTERING CARBON DIOXIDE

The next class of geoengineering schemes is based on ways

to remove carbon dioxide either from effluents of power

stations and other large emitters, or even directly from the

air. A great deal of research is now under way, mostly by

energy companies, to produce an economic procedure for

scrubbing carbon dioxide from furnace effluents, and so

far it looks promising but would probably double the cost

of electricity produced in this clean way; engineering devel-

opment and economies of scale have a reasonable chance

of reducing this penalty. Having sequestered the carbon

dioxide it is far from easy to dispose of. How can we bury

all of the carbon dioxide emitted by the large energy com-

panies? Emissions total about 30 gigatons a year and the

large producers emit less than a third of this, say 10 giga-

tons; if 10 gigatons were sequestered it would at best only

slow global heating in the long term. To usefully reduce the
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stress of global heating most of the excess carbon dioxide

would have to be removed from the carbon cycle and this

can never be done by collection from large industrial

sources only. The other difficult problem is the disposal of

gigatons of carbon dioxide gathered this way. Under-

ground burial in used oil and gas reservoirs is possible and

is being pursued in Norway. We will have to wait and see

how well and how economically it can be done. The bulk

burial of carbon dioxide in underground reservoirs does

have a special hazard. Because the gas is denser than air,

any large escape would pool at the surface and asphyxiate

anyone in the pool. An event of this kind occurred natu-

rally in Africa when carbon dioxide under pressure below

a volcanic lake spilled over into villages along a valley: the

death toll was large.

The most exciting idea among those for taking away car-

bon dioxide is Klaus Lackner’s proposal of artificial trees.

In essence it involves the use of readily available rock or

soil to react directly either chemically or biochemically

with atmospheric carbon dioxide and have as a product an

easily disposable or, even better, a usable material. One ex-

ample would be ground serpentine rock, a fairly common

igneous rock that can consist of as much as 50 percent

magnesium oxide. The product, magnesium carbonate, is a

stable white powder and could be used in building material

or as a component of cement. A clear description of Lack-

ner’s ideas is in Wally Broecker’s Fixing Climate, written

with Robert Kunzig.
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Tree planting would seem to be a sensible way to remove

carbon dioxide naturally from the air, at least for the time it

takes for the tree to reach maturity. But in practice the

clearance of forests for farmland and biofuels is now pro-

ceeding so rapidly that there is little chance that tree plant-

ing could keep pace. Forest clearance has direct climate

consequences through water cycling and atmospheric

albedo change and is also responsible for much of the

 carbon dioxide emissions. Agriculture in total has climatic

effects comparable with those caused by fossil fuel combus-

tion. For this reason it would seem better to pay the inhabi-

tants of forested regions to preserve their trees than plant

new trees on cleared ground. The charity Cool Earth exists

to gather funds for this objective, as does the Prince’s Forest

Trust in the UK. It is insufficiently appreciated that an

ecosystem is an evolved entity comprising a huge range of

species from microorganisms, nematodes, and invertebrates

to small and large plants and animals. While natural

ecosystems have the capacity to evolve with climate change,

plantations can easily die.

Oceans cover more than 70 percent of the Earth’s sur-

face and are uninhabited. In addition, most of the ocean

surface waters carry only a sparse population of photosyn-

thetic organisms, mainly because the mineral and other nu-

trients in the colder water below the thermocline (the

lower boundary of the warm surface waters) do not read-

ily mix with the surface layer. Some essential nutrients such

as iron are present in suboptimal abundance, even where
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other nutrients are present. This led to the suggestion by

John Martin that fertilization with the trace nutrient iron

would allow algal blooms to develop that would cool the

Earth by removing carbon dioxide. The most recent re-

search suggests that this approach may hold promise de-

spite early disappointments.

In 2007 Chris Rapley and I suggested the use of a sys-

tem of large pipes held vertically in the ocean surface to

draw up cooler, nutrient-rich water from just below the

thermocline. The intention was to cool the surface di-

rectly, to encourage algal blooms that would serve to

pump down carbon dioxide and also to emit gases such as

dimethyl sulphide, volatile amines, and isoprene that en-

courage cloud and aerosol formation. The pipes we envis-

aged would be about 100 meters in length and 10 meters

in diameter, held vertically in the surface waters and

equipped with a one-way valve. Surface waves of an aver-

age height of one meter would mix in five tons of cooler

water per second.

Our intention was to stimulate interest and discussion

on physiological techniques that would use the Earth sys-

tem’s energy and nutrient resources to reverse global heat-

ing. We do not know if the proposed scheme would help

restore the climate, but we have discovered that such

pipes are already in use commercially to improve the qual-

ity of ocean pastures for fishing. The reaction from the sci-

entific community was an almost instant rejection on the

grounds that their use would release carbon dioxide from
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the lower waters to the atmosphere. We were aware of

this drawback but thought it reasonable to expect that al-

gal growth following the mixing might take down more

carbon dioxide than was released. The next step would be

the experimental deployment of the pipes, observations,

and measurements.

If any of these ocean fertilization schemes work then

their value could be enhanced by harvesting the algae, ex-

tracting food and fuel, and then burying the waste in the

deep ocean as heavier-than-water pellets. This would re-

move a sizeable proportion of the carbon photosynthe-

sized and place it as an insoluble residue on the ocean

floor. The temperature of the deep ocean is close to 39 ºF

and the residence time of water there at least a thousand

years. The buried carbon would effectively be out of circu-

lation. It might be possible also to bury land-based agricul-

tural waste at these deep ocean sites.

THE PROMISE OF THE BURIAL
OF ELEMENTAL CARBON

By far the most promising and practical way to take the

excess carbon dioxide from the air is to ask Gaia to do it

for us. All of the schemes for sequestering carbon dioxide

require us to use energy (and most probably this would be

fossil-fuel energy) to do it. Even the sum total of all our

pollution output of carbon dioxide is still small compared

with the turnover from the Earth. We emit 30 gigatons a
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year, but Gaia emits 550 gigatons; so if Gaia can balance

this huge quantity, can we not persuade her to do better? I

think that we can, by making a small change to the car-

bon cycle. Ordinarily 99.9 percent of the carbon that the

photo synthesizers take from the air is returned by con-

sumers that oxidize it back to carbon dioxide or convert it

to methane. The earliest reference I could find to burying

elemental carbon as a remedy for global heating was by

Johannes Lehmann in a commentary article in Nature in

2007. The idea of converting agricultural waste into

“char” (char is closely similar to charcoal but needs a sep-

arate word to distinguish it because it is not a fuel) is now

the subject of research and development. The conversion

of agricultural waste into char at one stroke changes the

natural release of 99.9 percent of the carbon of the waste

as carbon dioxide and methane into a release of only 10

to 30 percent, a vast improvement on its direct use as a

source of biofuel.

If the bulk of agricultural waste were turned to char on

farms it could be buried in the soil and that way the crop

plants photosynthesizing solar energy would have taken

the carbon dioxide from the air for us. It is much more

economic to use the huge and free power of photosynthesis

to remove carbon dioxide than to use manufactured en-

ergy. It might even be possible to convert waste from algal

farms in the ocean into char and let it fall to the sea floor.

We would be denying the natural consumers of algae their
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food, but in the long run they would benefit because if

global heating is allowed to proceed as now there will be

few producers or consumers left in the oceans.

It is not commonly known that char is almost com-

pletely inert. Neither atmospheric oxidation nor the action

of microorganisms returns it to the air as carbon dioxide.

This makes it safe to bury in the soil or in the ocean. So far

it is the only realistic proposal by which we have even a

chance of restoring the Earth to the state it was in before

we started using fossil fuel. It even has a bonus in that the

act of making charcoal provides a benign form of biofuel

as a byproduct. Pooran Desai and Sir Ghillean Prance first

drew my attention to this promising idea, and I am in-

debted to David Wayne who let me see the unpublished

text of his article on “The Biochar Opportunity.” Research

into its practical and engineering development is now un-

der way at Shell Research Ltd.

Another amelioration technique is the direct synthesis of

food from carbon dioxide, nitrogen, and trace minerals.

Now that food is abundant it seems an otiose proposal,

but it would release land that could return to its former

natural state with the capacity to regulate the climate.

Although not usually thought of as geoengineering, the

synthesis of food and liquid fuels from carbon dioxide and

water, using high temperature nuclear reactors to produce

the carbon compound feedstock, is an effective way to re-

move carbon dioxide from the air.
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GEOPHYSIOLOGY

In Chapters 2 and 6 I compare the Earth system to the

physiology of an animal and describe how normally it stays

in homeostasis and how the Earth System is dynamically

stable but has strong feedbacks; because of the huge

turnover of the Earth’s surface by living organisms, its re-

sponse to change is like that of a living organism. Yet even

wholly physical models of the Earth system are nonlinear,

often because the properties of water set critical points dur-

ing warming and cooling. For example, the phase change

from ice to water is accompanied by an albedo change from

0.8 to 0.2, and this strongly affects climate, as Budyko first

described. This feedback is now influencing climate change

and will continue until the ice melts. There are other purely

physical feedbacks in the system: the ocean surface stratifies

at 54 to 57 ºF; the rate of water evaporation from land sur-

faces becomes a problem for plants at temperatures above

72 to 77 ºF; and atmospheric relative humidity has a large

direct effect on the size and effective albedo of aerosols.

The combined effect of feedbacks involving the physical

and biological responses of the Earth can be the source of

large discontinuities in climate and chemical composition.

The existence of these discontinuities is often accompanied

by marked hysteresis—that is, a reluctance to move from

one state to the other, even when pushed beyond a tipping

point.
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I described in Chapter 2 a model of a planet with land

surface occupied by plants and the ocean a habitat for

 algae—a model that showed strong self-regulation of its

temperature. But with rising carbon dioxide or heat flux

there was a sudden nine-degree rise that took place at 450

ppm of carbon dioxide; there was marked hysteresis, and

reducing temperature or heat flux did not immediately re-

store the state that had existed before the discontinuity. The

behavior of this simple geophysiological model and the

Earth’s recent climate history revealed by ice-core analysis

indicates a climate and atmospheric composition that fluc-

tuates suddenly, as would be expected of a dynamic system

with positive feedback. An engineer or physiologist looking

at the historic response of the Earth system would think it

unwise to assume that climate change can simply be re-

versed by reducing emissions or by geoengineering.

The long-term history of the Earth suggests the existence

of hot and cold stable states that geologists refer to as the

greenhouses and the ice houses. In between are metastable

periods like the present interglacial. The best-known hot-

house happened 55 million years ago, near the beginning

of the period known by geologists as the Eocene. It was so

called because it marked the dawn (“eos”) of large mam-

mals. The Eocene was already warm by present standards,

and a geological accident caused the release of between 1

and 2 teratons of carbon dioxide into the air (a teraton is 

1 million million tons). Putting this much carbon  dioxide
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in the air caused the temperature of the temperate and Arc-

tic regions to rise by fifteen degrees, and of the tropics by

between nine and fifteen degrees; and it took about two

hundred thousand years for conditions to return to their

previous states. Soon we will have injected a comparable

quantity of carbon dioxide into the atmosphere, and the

Earth itself may release as much again.

There is good evidence that temperature and carbon

dioxide rose sharply in the Eocene event, but the cause re-

mains uncertain. The two favored speculations are the sud-

den release of a large volume of methane from its unstable

entrapment in crystals called “clathrates”: methane is itself

a powerful greenhouse gas but soon oxidizes to carbon

dioxide. The other speculation concerns the incursion of

molten lava beneath a petroleum deposit in the Arctic

Ocean. The accident that caused the large rise of atmos-

pheric carbon dioxide 55 million years ago is thought to

have occurred more slowly than now: the injection of

gaseous carbon compounds into the atmosphere may have

taken place over a period of about ten thousand years, in-

stead of about two hundred years. The great rapidity with

which we add carbon gases to the air may be as damaging

as the quantity of them. The rapidity of the pollution gives

the Earth system little time to adjust, and this is particu-

larly important for the ocean ecosystems: the rapid accu-

mulation of carbon dioxide in the surface water is making

them too acid for shell-forming organisms. This did not

appear to happen during the Eocene event, perhaps
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 because there was time for the more alkaline deep waters

to mix in and neutralize the surface ocean. Despite the

large difference in injection times of carbon dioxide, the

change in temperature of about nine degrees globally may

have occurred as rapidly 55 million years ago as it may

soon do now. The time it takes to move between the two

system states is likely to be set by the properties of the sys-

tem more than by the rate of addition of radiant heat or

carbon dioxide.

There are differences between the Earth 55 million years

ago and now. The sun was 0.5 percent cooler and there

was no agriculture anywhere, so that natural vegetation

was free to regulate the climate. Another difference was

that the world was not then experiencing global dim-

ming—the three to five degrees of global cooling caused by

the atmospheric aerosol of man-made pollution.

PLANETARY MEDICINE AND ETHICS

What are the planetary health risks of geoengineering inter-

vention? Nothing we do is likely to sterilize the Earth, but

the consequences of planetary-scale intervention could

hugely affect humans. Putative geoengineers are in a similar

position to that of physicians before the 1940s. In his book

The Youngest Profession the physician Lewis Thomas

beautifully described the practice of medicine before the

Second World War. There were only five effective medicines

available: morphine for pain, quinine for malaria, insulin
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for diabetes, digitalis for heart disease, and aspirin for in-

flammation, and very little was known of their mode of ac-

tion. For almost all other ailments there was nothing

available but nostrums and comforting words. At that

time, despite a well-founded science of physiology, we

were still ignorant about the human body or the  host–

parasite relationship it had with other organisms. Wise

physicians knew that letting nature take its course without

intervention would often allow natural self-regulation to

make the cure. They were not averse to claiming credit for

their skill when this happened. I think the same may be

true about planetary medicine: our ignorance of the Earth

system is overwhelming and intensified by the tendency to

favor model simulations over experiments, observation,

and measurement.

Global heating would not have happened but for the

rapid expansion in numbers and wealth of humanity; if we

fail to curb global heating, the planet could massively and

cruelly cull us, in the same merciless way that we have

eliminated so many species by changing their environment

into one where survival is difficult. But before we start geo-

engineering, we have to ask: Are we sufficiently talented to

take on what might become the onerous permanent task of

keeping the Earth in homeostasis? Consider what might

happen if we start by using a stratospheric aerosol to ame-

liorate global heating—even if it succeeded it would not be

long before we faced the additional problem of ocean acid-

ification. This would need another medicine, and so on.
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We could find ourselves enslaved in a Kafkaesque world

from which there was no escape. The alternative is the

acceptance of a massive natural cull of humanity and a re-

turn to an Earth that freely regulates itself.

Whatever we do as geoengineers is unlikely to stop dan-

gerous climate change or prevent death on a scale that

makes all previous wars, famines, and disasters small; but

to continue “business as usual” could be worse and would

probably kill most of us during the century. We have to

consider seriously that, as with nineteenth-century medi-

cine, the best option may be kind words and painkillers,

but otherwise doing nothing and letting Nature take its

course.

The usual response to such bitter realism is defeatist:

“Then there is no hope for us, and we can do nothing to

avoid our plight?” This is far from true. We can adapt to

climate change, and this will allow us to make the best use

of the refuge areas of the world that escape the worst heat

and drought. We have to marshal our resources soon, and

if a safe form of geoengineering can buy us a little time

then we must use it. Parts of the world, such as oceanic is-

lands, the Arctic basin, and oases on the continents will

still be habitable in a hot world. We need to inhabit them

and see that they have sufficient sources of food and en-

ergy to sustain us as a species.

During the early Eocene global heating there was no

great extinction of species and this may have been because

life had time to migrate to the cooler regions near the
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 Arctic and Antarctic and remain there until the planet

cooled again. This may happen again, and humans, ani-

mals, and plants are already migrating. Scandinavia and

the oceanic parts of Northern Europe such as the British

Isles may be spared the worst heat and drought that global

heating brings. This puts a special responsibility upon us

to survive but also, where possible, to give refuge to cli-

mate refugees from more distant places.

Perhaps the greatest value of the Gaia concept lies in its

metaphor of a living Earth, which reminds us that we are

part of it and that our contract with Gaia is not about hu-

man rights alone, but includes human obligations.
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6

The History of Gaia Theory

The idea of an Earth system science, a self-regulating Earth

with the community of living organisms in control, came

into my mind at the Jet Propulsion Laboratory in Califor-

nia in September 1965. The first paper to mention it was

published in the Proceedings of the American Astronauti-

cal Society in 1968. The title of the paper was “Planetary

Atmospheres: Compositional and other changes associated

with the presence of Life.” It was an almost unnoticed pa-

per, and was mainly concerned with atmospheric analysis

as an extraterrestrial life-detection experiment. But here

are two paragraphs from the paper that illustrate how the

Gaia hypothesis arose in the period before it received its

name:

If the atmosphere of the Earth is a biological con-

trivance, then it is reasonable to consider that the

159

0465015498-2.QXP:Perseus: 5.5 x 8.25  1/29/09  11:58 AM  Page 159



components are maintained at an optimum or near

optimum composition, for the ecosystem. For exam-

ple, the Earth’s climate is strongly dependent on the

atmospheric pressure, that is, the total amount of oxy-

gen and nitrogen, and on the concentration of infra-

red absorbency gases such as carbon dioxide and

water vapor. The concentration of these components is

directly or indirectly under biological control. It may

not therefore be an unreasonable speculation to con-

sider the possibility that the Earth’s climate is also

maintained near an optimum for the ecosystem.

It is interesting to ask, why is the oxygen concentra-

tion maintained at 21 percent? It is a fact that the en-

ergy required for the ignition of organic compounds

changes by about 70 percent for each 1 percent change

in oxygen concentration at the atmospheric level. Life

at even 25 percent oxygen might be very uncomfort-

able, especially for trees. The removal of oxygen by

grass or forest fires may set the upper limit of 21 per-

cent, but it seems more likely that oxygen is actively

controlled at a safe maximum.

So the Gaia concept was born at the peak of the New

Age—contemporary with Woodstock and the Beatles,

which perhaps accounts for why so many scientists still

regard it as part of the plethora of New Age nonsense

that was around at the time. But not all of us were hip-

pies with our rock chicks. There was the space program
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that culminated with the moon landings, a surge of plan-

etary exploration by orbiting satellites, and the discovery

of DNA and the genetic code. The 1960s saw the near

catastrophic confrontation between the superpowers over

missiles sited on Cuba, the end of segregation in the

United States, and much violent political change; it was a

time of painful conflict between old and new views of the

world.

Apart from the coincidence of its birth with the New

Age, Gaia science was far too revolutionary an idea to be

immediately accepted, and I should not have expected this

until a substantial quantity of evidence and theory had

been gathered; it was not in fact until thirty-six years later,

in 2001, that the concept received partial public recogni-

tion. I was tempted in the 1990s to admit defeat and settle

for some anodyne phrase such as “Earth system science”

or a portmanteau science such as biogeochemistry. But as

Fred Pearce, in an article in the New Scientist in 1994 so

well describes, I listened to my friends, Jonathon Porritt,

Mae Wan Ho, and Mary Midgley. It might have pacified the

“scientifically correct” for me to have dropped Gaia, but it

would have been surrender to a conformity that I knew was

wrong. I am glad that I stayed faithful to the name Gaia for

more than forty-three years. Perhaps if I had never met Bill

Golding and had let my ideas be called the dull and unin-

spiring “Earth system hypothesis,” the name hinted at in

my 1968 paper, biologists would never have read the subse-

quent papers that so irritated them.  Science might then
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have known as much as thirty years sooner the true nature

of the climate threat we now face and had time to take ap-

propriate action.

In science an idea is promoted to the level of a hypothe-

sis when some aspect of new, reliable evidence needs an ex-

planation. For Gaia theory the new evidence was the

detailed analysis of the composition of the atmosphers on

Mars and Venus revealed from the infrared spectra of the

planets gathered at the Pic de Midi observatory in France

by the husband and wife team of astronomers Pierre and

Janine Connes. The Conneses released this information in

September 1965, and we received it at JPL. Before this I

had argued that the easiest way to see if Mars had life was

simply to measure the chemical composition of its atmos-

phere. My argument was that if the planet had no life then

the atmosphere would be close to chemical equilibrium;

that is to say, no energy would come from the gases of the

atmosphere reacting together. By contrast if the planet

bore life then the organisms would be obliged to use the at-

mosphere, the only mobile medium on Mars, as a source

of raw materials and as a place for waste disposal. Such a

use of the atmosphere would make it recognizably differ-

ent from the equilibrium atmosphere of a dead planet. The

spectroscopic data gathered by the Conneses about Mars

and Venus showed that their atmospheres were almost en-

tirely composed of carbon dioxide, and that oxygen, nitro-

gen, etc., were at low levels. These planetary atmospheres

lacked any available chemical reactivity and were therefore
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near to chemical equilibrium, and according to my hypoth-

esis there was no abundant life on them.

The Earth was the control planet, the one we were sure

held life, and its atmosphere is profoundly at disequilib-

rium. We have oxygen and methane simultaneously present

at 21 percent by volume and 1.5 parts per million, respec-

tively. In the presence of sunlight methane oxidizes, and af-

ter only about ten years 67 percent of it has gone. Yet

methane has been fairly constant, as ice-core analyses

prove, for the past million years, as has oxygen. Such con-

stancy implies a degree of disequilibrium with an astro-

nomical improbability. That is, for such constancy to

happen by chance is infinitely improbable. Similar improb-

abilities apply to the presence of the other gases—nitrogen,

carbon dioxide, nitrous oxide, and so on. The only excep-

tions are the rare gases such as argon, helium, and xenon

that are chemically unreactive. Since all the gases other

than the rare gases are either made by organisms or

processed by them, I could offer the Gaia hypothesis which

stated that the Earth’s atmospheric composition is kept at a

dynamically steady state by the presence of life; moreover if

organisms could affect atmospheric composition then

maybe they could regulate the climate of the Earth to keep

it favorable for life. It was known in the 1960s that the sun

had warmed by at least 25 percent since life began 3.5 bil-

lion years ago, and regulation would have been needed to

retain habitability. The hypothesis was published in  peer-

reviewed papers in the late 1960s and early ’70s.
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In the early 1970s I was invited to visit Lynn Margulis

at her Boston laboratory. Lynn was no stranger to contro-

versy and fought hard to establish the endosymbiont hy-

pothesis—now happily conventional wisdom, but which

in its time seemed as embattled as was the Gaia hypothe-

sis. In certain ways we formed a small, revolutionary cell

in a world of conservative Earth and life scientists. Lynn

made a huge contribution to the concept of Gaia by stress-

ing the importance of the microorganisms in the evolution

of our planet. She made it clear that for about 2 or 3 bil-

lion years from its start, the biota—that is, all forms of life

on Earth—were microorganisms. Only in the last 500 to

900 million years have multicellular organisms played a

part. Without Lynn I would never have met those formi-

dable Earth scientists who opposed what was then the

Gaia hypothesis: H. D. Holland, professor of Geology at

Harvard University, and James Walker, then at Yale Uni-

versity. Both of them rejected Gaia, but as good scientists

they were prepared to argue about it. As so often with

battles, after the war is over the combatants enjoy sharing

experiences, and by doing this Dick Holland has become a

friend who agrees to differ, generously enriching the meet-

ings that Sandy and I have held at Green College in Ox-

ford. Holland’s main criticism, and one expressed in his

splendid book The Chemical Evolution of the Atmosphere

and Oceans, is simply that Gaia is not needed to explain

the geochemistry of the Earth—Earth science alone is

enough.
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James Walker, Jim Kasting, and P. B. Hayes were the first

to propose a mechanism for stabilizing the Earth’s tempera-

ture and carbon dioxide abundance in the early 1980s, but

like Holland they held that regulation could be explained

by geochemistry alone. They used the  well-established fact

that there is only one source of carbon dioxide—volcanoes

and tectonic processes, and only one sink—the removal of

carbon dioxide from the air by its reaction when dissolved

in rainwater with rock that contains calcium silicate

(basalts and granites). The products of this reaction are the

water-soluble compounds calcium bicarbonate and silicic

acid, and these travel in the groundwater and rivers to the

oceans. They explained regulation by noting that when the

temperature is high more water will evaporate from the

ocean and more rain will fall, which will increase the rate

of the rock weathering reaction and so lower the abun-

dance of carbon dioxide in the air. This is a dynamic pro-

cess with inherent negative feedback that could stabilize

both carbon dioxide and temperature. They were therefore

proposing that a lifeless Earth could regulate its tempera-

ture at levels habitable for organisms.

When I first heard Walker describe this mechanism at a

Dahlem Conference in Berlin in the early 1980s it certainly

sounded plausible, and afterwards in conversation he said

that his motivation was mainly to show that Gaia was not

needed for self-regulation and that geochemistry could do it

alone. At the time Andrew Watson, now a professor of bio-

geochemistry at the University of East Anglia, was working
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with me as a postgraduate student, and it occurred to us

that in real life rocks always have lichen and other orga-

nisms on their surfaces and, more importantly, the soil

where fragments of the rocks exist is a rich ecosystem in its

own right and has an internal atmosphere up to thirty times

richer in carbon dioxide than the air. The rate of weather-

ing in these circumstances could be much greater than on

exposed bare rock. Tyler Volk and D. W. Schwartzman

published a paper in Nature in 1989 that confirmed our

speculation by a direct in vitro experiment. The organisms

of an ecosystem respond to a rise of temperature by grow-

ing faster, the plants draw down carbon dioxide from the

air, and in the soil more carbon dioxide is produced by con-

sumers. The flow of carbon dioxide from the air to the

rocks is enhanced and weathering proceeds more rapidly,

consequently the carbon dioxide produced, instead of

adding to the atmosphere, is removed by weathering. Re-

moving carbon dioxide from the air lowers temperature

and the system settles at a dynamic equilibrium close to the

optimum for plant growth. Organisms are also crucial in

the oceans to return carbon dioxide brought down in the

rivers as calcium bicarbonate into calcium carbonate,

which settles as sediments on the ocean floor. The whole

process, one that might be called biogeochemical rock

weathering, is a Gaian mechanism and seems much more

likely to be the basis for real-world temperature regulation.

But we owe a debt to Walker and his colleagues for point-

ing us in the right direction.
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Proof that the Earth self-regulates carbon dioxide abun-

dance and temperature had to wait until in 2008, when the

American scientists Richard Zeebe and Ken Caldeira pub-

lished a paper in Nature Geosciences showing that the

long-term record of the Earth’s temperature and carbon

dioxide abundance, deduced from measurements of gases

in Antarctic ice cores, revealed self-regulation of both car-

bon dioxide and temperature for hundreds of thousands of

years. This evidence, if confirmed, provides splendid sup-

port for Gaia theory, but the authors referred only to the

purely geochemical Walker model as the mechanism for

regulation.

There is no animosity involved in the arguments I have

with Earth scientists over whether the Earth’s regulation is

a matter of Gaia theory or geochemistry. In the fine book,

The Earth System, written by Lee Kump, James Kasting,

and Robert Crane, the authors reveal the friendliness of

our relationship. The reason for disagreement lies in the

often reductionist and disciplinary nature of the Earth and

life sciences. This makes it difficult to share ideas about

Gaia. As I see it, to understand Gaia requires an instinctive

familiarity with the dynamics of systems in action, and this

is not a normal part of Earth or life science.

Geology can be a joyful profession, especially if you enjoy

exploring and spending time in the wilderness. Some of the

most enthralling journeys into the countryside I have made

were in the company of the American geologist Robert Gar-

rels. With his hammer he would chip a small fragment of
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rock from a cliff face and reveal its provenance, and then tell

me how a few hundred million years ago there was a world

of blazing heat and drifting sand where we stood, or of tun-

dra at the edge of a vast glacier. For Earth scientists their

world was satisfying until Gaia loomed to falsify or compli-

cate their elegant explanations. The same is true of field bi-

ologists; no wonder Gaia is unpopular. Were it not for the

deadly serious consequences of using the wrong theory, the

disagreement would be no more than the normal slow

progress of scientific understanding.

It is normal to debate a new hypothesis, so what went

wrong? Why was the Gaia hypothesis thrown into the

garbage? The trouble started in 1979 when the Canadian

biologist Ford Doolittle wrote his lively and well-written

critique of Gaia. Interestingly, he chose to publish it in the

American New Age magazine Coevolution Quarterly, ed-

ited by Stewart Brand. Scientists may pretend to deplore

the New Age, but that does not stop them reading its pub-

lications, and in no time Gaia’s face was turned to the wall,

especially in the neo-Darwinist community of scientists.

Neither Lynn Margulis nor I could make a convincing de-

fense—partly because, as we had stated it, the Gaia hy-

pothesis was wrong. We had said that organisms, or the

biosphere, regulated the Earth’s climate and composition.

Somewhat later, in his book The Extended Phenotype,

Richard Dawkins showed that this was impossible. He

said it so well and clearly that the subject was then

 regarded by the scientific community as closed. Dawkins is
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an extraordinarily talented author and persuader, and in

his book he vented his scorn on the Gaia hypothesis with

the powerful erudition that he now uses to censure theol-

ogy. From then on it became impossible to publish any pa-

per on it in a mainstream journal; the peer reviewers were

convinced by Dawkins and other eminent biologists that

Gaia was mere New Age fantasy. I was shocked by the re-

jections because previously I had found peer reviewers

helpful and had rarely had a paper rejected by a journal. It

seemed in the 1980s almost as bad as censorship until the

editor of Nature, John Maddox, learnt that during his ab-

sence the paper that Andrew Watson and I had written on

the Daisyworld model had been rejected. He wrote asking

me to send the next paper on a Gaian topic to him person-

ally and in confidence. He promised that if it were of the

quality of the Daisyworld paper it would be published in

Nature. He was true to his word and the next paper on the

topic was one I wrote with Robert Charlson, Meinrat An-

dreae, and Steven Warren on the connection between

clouds, condensation nuclei, dimethyl sulphide, and its

source, ocean algae.

I accepted Dawkins’s criticism that there was no way

for life or the biosphere to regulate anything beyond the

phenotype of its component individual organisms. So

what on Earth was doing the regulating? I had no doubt

that climate and chemistry were regulated, so what did it

if not life? As I have explained earlier, the traditional

Earth scientists, led by James Walker and H. D. Holland,
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were sure that regulation was done by geochemistry and

geophysics alone and that life was a mere passenger or at

most a contributor. But the solid evidence of massive dise-

quilibrium from atmospheric composition made their sim-

plistic explanation impossible. The thermodynamics and

kinetics of gas reactions make the simultaneous presence

of oxygen and methane at their observed abundance, the

existence of nitrous oxide and the low concentration of

carbon dioxide wholly inexplicable by inorganic processes

alone.

I was as near certain as a scientist can be that the argu-

ment for the existence of self-regulation drawn from at-

mospheric disequilibrium was correct; moreover by now

evidence was available from the Earth that confirmed sev-

eral of Gaia theory’s predictions. To me it was obvious

that Richard Dawkins’s pure biology and the geochemists’

pure chemistry were unable to explain the Earth. And

then I wondered, what if the whole system of life and its

environment tightly coupled did the job? In 1979 it oc-

curred to me that the biologists’ objections would collapse

if the regulator could be shown to be the whole Earth sys-

tem, made up from all of life, including the air, the oceans

and the surface rocks, not just organisms alone. To prove

this would require an experiment on the whole Earth. In

fact this was happening through our own emissions of

carbon dioxide: we were perturbing the system and even-

tually there would be evidence to prove whether or not it

self-regulated according to the Gaia hypothesis. But, as
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mentioned earlier, it was not until 2008 that Richard

Zeebe and Ken Caldeira used ice-core evidence to show

that it was.

All that I could do in 1981 to test this idea was to com-

pose the holistic model, Daisyworld. Just before Christmas

that year I wrote the program of the model and ran it on a

9845 Hewlett-Packard desktop computer. In some ways this

was the most important step in the history of Gaia theory. It

expresses succinctly the mathematical basis of the theory

and can and has been tested to see if it can be falsified.

I wrote a program that described in mathematical terms

a self-regulating system made up from the climate of a

simple, flat planet, illuminated by a star like the sun, and

on which there was a simple ecosystem of two daisy

species evolving in a Darwinian fashion. This Daisyworld

had a surface temperature determined by the proportion of

radiant heat from its star that was absorbed or reflected

into space and by the quantity of heat radiated away in the

infrared. There were no greenhouse gases to complicate

the climate and the surface reflection of sunlight was pro-

portional to the area covered by dark or light colored

daisies, or by bare ground. The daisies did not grow below

41 ºF or above 104 ºF, and grew best at 72.5 ºF. The model

was run by slowly increasing the heat output of the star in

a manner similar to the increase from the sun that has hap-

pened since the Earth formed 4.5 billion years ago. As

soon as some part of the planet reached 41 ºF, dark daisies

began to grow because being dark they absorbed more
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heat. Soon daisy growth and surface temperature increased

rapidly as the daisies spread, until the planet became too

hot for further dark daisy growth. Now white daisies be-

gan to compete for space, and as the star further increased

its heat output, light-colored daisies took more space until

they dominated the planetary surface. Finally the star’s

heat was too much for the light daisies; they died off and

the planet rapidly increased its surface temperature and be-

came uninhabitable. A characteristic of this kind of model

is that it shows what physicists term hysteresis; that is, if

run backwards from the final hot state by reducing solar

heat, white daisies do not appear until a considerably

lower temperature is reached. The same is true as the life-

less cold state approaches: dark daisies persist at lower so-

lar heat than that need for their first appearance.

When the model Daisyworld was run I was delighted to

find that the whole system of life and its environment regu-

lated temperature at a level close to the optimum for plant

growth. For a model laden with nonlinear differential

equations it was astonishingly stable and well behaved. It

kept the temperature close to ideal for daisies over a con-

siderable range of solar radiation inputs, but when the star

illuminating Daisyworld was too bright or too dim all life

vanished: the model planet was alive at tolerable heat in-

puts but dead if the star was too hot or too cool. It is im-

portant to recognize that Daisyworld is the model of an

emergent system on which climate and organisms are

tightly coupled and evolve together.
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Daisyworld is much more than a population biology

model about the spread of daisy types on a planet; it is

also a climate model. What made it special was that for

the first time the growth and selection of plants was

tightly linked in a dynamic model to their ability to affect

the climate and be affected by it. It showed how such a

system could keep surface temperature close to the opti-

mum for plant growth over a wide rage of radiant forcing.

Variations on the theme of Daisyworld were composed

and are described in my book The Ages of Gaia. Andrew

Watson was at the time researching Gaia theory with 

me; he is a more competent mathematician than I am and

his insight into the subtleties of the model enriched our

joint paper on it, published in the Swedish journal Tellus

in 1983.

Daisyworld was like a stick thrust into a wasp nest: the

angry buzzing of biologists out to sting it to death was

deafening. Papers were published claiming to falsify Daisy-

world—naturally there were few peer reviewers who ob-

jected to such anti-Gaian publications. None succeeded in

their goal, and Daisyworld remains unfalsified. In 2002 an

editorial in Nature commented that no simple model had

irritated as many scientists as Daisyworld. In any other

branch of science than biology the failure to falsify the

Daisyworld model should have made Gaia theory worthy

of further investigation in the 1980s. Moreover the failure

of the falsifications should have been a warning that neo-

Darwinist theory was flawed.
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The critics kept asking, “What about cheats?” They

thought Daisyworld would be bound to fail if cheats—

freeloading daisies that merely grew and did not perform

regulation—were included. It was easy to add a cheat, a

neutral-colored daisy species that did nothing for regula-

tion, and reduce the growth rate of the others for the en-

ergy spent making pigment, but when I did this the model

worked as well as before. The neutral-colored daisies were

only selected by the system when regulation was not

needed; when it was hot, light-colored, heat-reflecting

daisies were favored, when cold only dark-colored, heat-

absorbing ones were chosen. Daisyworld is Darwinian: bi-

ologists had failed as Darwin’s disciples to realize that

organisms do not evolve independently of their environ-

ment—in fact organisms are part of a larger whole that in-

cludes the physical and chemical environment that they

and other organisms change.

For me the long and seemingly never-ending battle for

the recognition of Gaia theory was frustrating and disap-

pointing; but for all that, rancor was evenly balanced with

humor. The most distinguished Darwinist biologists,

William Hamilton and John Maynard Smith, both became

friends in the late 1990s, even though Smith had earlier re-

ferred in public to Gaia as “an evil religion.” He came to

stay briefly at Coombe Mill in 1996 and over dinner told

us that in the 1970s, when the Gaia hypothesis first ap-

peared, Darwinist biologists were arguing fiercely with

other biologists who believed that evolution took place by
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group selection, not the selection of individual organisms.

At that time he saw Gaia as profoundly anti-Darwinian

and far worse than group selection: the hypothesis that the

planet evolved as if it were a living organism was to Dar-

winists at the time an absurd idea. During this visit we had

great fun together over the neo-Darwinist argument about

whether a brave person should jump into a river to save ei-

ther a direct blood relative or eight cousins. Sandy and I,

both of us poor swimmers, felt that trying to save eight of

our cousins was carrying logic a step too far.

Daisyworld has turned out to be a fruitful source of

other models of the Earth. Mathematicians, among them

Peter Saunders, Inman Harvey, and James Dyke, have even

found its mathematical basis worthy of study. Professor

Saunders and the physiologist Johan Koeslag mapped the

mathematical basis of Daisyworld on to a model for hu-

man diabetes. Tim Lenton has published many Gaian pa-

pers based on Daisyworld and has organized a series of

conferences on Daisyworld and its mathematical implica-

tions. These have been both popular and successful. Daisy-

world itself evolved, in two different ways. First, it became

a more comprehensive set of biological models, where in-

stead of just two fixed daisy species there were up to one

hundred different plant species and also herbivores and

carnivores present at three trophic levels. This work is

summarized in my paper, “A Numerical Model of Biodi-

versity” in Philosophical Transactions of the Royal Society

in 1992. These models, including one where the organisms
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could mutate spontaneously, go far towards explaining the

relationship between biodiversity and regulation. My

friends Stephan Harding and Tim Lenton have carried

them considerably further.

As a scientist closer to physics than other disciplines, 

I knew that the value of a theory is judged by the accuracy

of its predictions and its capacity to resist falsification. By

the early 1990s Gaia theory had made ten predictions and

eight of them had been confirmed or at least become gener-

ally accepted. Furthermore, as physicists know, the predic-

tions of good theories lead to outbursts of new scientific

research. This has been especially true of the research stim-

ulated by the prediction of a link between the biological

production of dimethyl sulphide in the ocean, clouds in the

atmosphere, the Earth’s radiation balance, and climate reg-

ulation. The paper on clouds, algae, and climate by Charl-

son, Lovelock, Andrea, and Warren was published in

Nature in 1987, and its conclusions are usually referred to

as the CLAW hypothesis. Since then hundreds if not thou-

sands of papers have been published on researches it stim-

ulated. Professor Liss of the University of East Anglia and I

published a paper in 2007 in Environmental Chemistry

summarizing the progress of the CLAW hypothesis and

concluded that the mechanism proposed was observable

only in the unpolluted southern hemisphere. Sulphur pol-

lution in the northern hemisphere is now as much as ten

times greater than the natural output from algae and ob-

scures any effect the algae might have.
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Mars is lifeless (1968)

That elements are
transferred from ocean
to land by biogenic
gases (1971)

Climate regulation
through biologically
enhanced rock
weathering (1973)

That Gaia is aged and
is not far from the end
of its lifespan (1982)

Climate regulation
through cloud albedo
control linked to algal
gas emissions (1987)

Atmospheric
compositional
evidence shows
lack of
disequilibrium

Search for
oceanic sources
of dimethyl
sulphide and
methyl iodide 

Analysis of
ice-core data
linking
temperature and
CO2 abundance 

Calculation based
on generally
accepted solar
evolution

Many tests have
been made but
the excess of
pollution
interferes

Strong
confirmation,
Viking
mission 1975

Found 1973

Confirmed
2008, by
Zeebe and
Caldeira

Generally
accepted

Probable for
southern
hemisphere

TABLE 6.1

The test applied to some of the predictions from Gaia, and
the results.

Prediction Test Result

Continues
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(TABLE 6.1 Continued)

The test applied to some of the predictions from Gaia, and
the results.

Prediction Test Result

Oxygen has not varied
by more than 5 percent
from 21 percent for the
past 200 million years
(1974)

Boreal and tropical
forest are part of
global climate
regulation 

Biodiversity a
necessary part of
climate regulation
(1992)

The current interglacial
is an example of
systems failure in a
physiological sense
(1994)

The biological transfer
of selenium from the
ocean to the land as
dimethyl selenide

Ice-core and
sedimentary
analysis

Models and
direct
observation

By models but
not yet in the
natural
ecosystems

By models only

Direct
measurements

Confirmed
for up to 1
million years
ago.

Generally
accepted

Jury still out

Undecided

Confirmed
2000, Liss
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The next important step in the history of Gaia was the

Amsterdam Declaration, made at a meeting of the Euro-

pean Geophysical Union in 2001, where more than one

thousand scientists signed a statement that began, “The

Earth System behaves as a single, self-regulating system

comprised of physical, chemical, biological, and human

components.” My friends said, “At last Gaia is recognized

as science”; but I knew that it still had some way to go,

that the declaration was incomplete, and that Gaia theory

would not truly be part of science until such a declaration

included in addition a scientifically acceptable rendition of

the idea that the goal of self-regulation is the maintenance

of habitability. Earth and life scientists at Amsterdam had

not realized how ambiguous it is to speak of self-regulation

without specifying the aim, goal, or set point of the system.

Because science is still deeply in thrall to the rational

Cartesian logic of cause and effect, words like “goal” or

“aim” raise imponderable obstacles. But engineers and

physiologists know that self-regulation without a goal is

nonsense—imagine an autopilot on an aircraft that had no

idea what height to keep or where to go.

The Australian physicist Garth W. Paltridge has shown

that planetary environments are naturally selected to max-

imize the planet’s production of entropy; in simple words,

to keep it tidy and with an orderly balance sheet for en-

ergy. Living organisms catalyze the rapid achievement of

this goal and at the same time drive the evolution of the
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whole system. Paltridge has provided another way to ap-

proach Gaia theory.

If we are to understand the climate and adapt to its

changes, or even counter them, we have to see the Earth as

something able to resist adverse change until the going be-

comes too tough and then, like a living thing, escape rap-

idly to a safe haven. Fight or flight is a characteristic of life,

and the Earth itself, Gaia, has long been resisting our inter-

ventions through negative feedback—opposing the way we

change the air with greenhouse gases and take away its

natural forest cover for farmland. We have been doing this

ever since we were hunter-gatherers equipped with fire, but

until the last hundred years there was little or no percepti-

ble change in the Earth’s state. Now our interventions are

too great to resist and the Earth system seems to be giving

up its struggle and is preparing to flee to a safer place, a

hot state with a stable climate, one that it has visited many

times before. A look at the Earth’s climate history tells us

that in such hot states Gaia can still self-regulate and sur-

vive with a diminished biosphere.

It is too often wrongly assumed that life has simply

adapted to the material environment, whatever it was at

the time; in reality life is much more enterprising. When

confronted with an unfavorable environment it can adapt,

but if that is not sufficient to achieve stability it can also

change the environment. We are doing this now by adding

greenhouse gases to the air and by altering the land sur-

face by farming; the outcome is global heating. If the hot-
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ter Earth now were more productive than the cool Earth

before the Industrial Revolution, we would be flourishing

and so would the Earth. Unfortunately we moved the tem-

perature the wrong way, and we may be eliminated as a

result. Cooling would have been much better, even though

we would have had to abandon much of the northern

temperate land to the glaciers. This is how Gaia keeps a

habitable planet: species that improve habitability flourish

and those that foul the environment are set back or go

 extinct.

I have slowly come to conclude that scientists are un-

comfortable with Gaia theory because it is a threat to the

course of their daily lives. Earth scientists, for example,

have built for themselves a consistent world where all can

be explained by a knowledge of the properties and history

of rocks. It coexists comfortably with the life sciences

through the use of fossils as tracers and markers of the his-

tory of the rocks. By using physics, geologists have discov-

ered the true age of the rocks using radioactive elements as

time clocks. If an element like uranium changes through

radioactivity into lead at such a rate that half of it has

changed in 4.7 billion years, then from the proportions of

uranium and lead in a rock we know the date at which it

formed. By separating the isotopes of these elements, not a

difficult task using a mass spectrometer, the subtlety of

such measurements is immensely enhanced. Using chem-

istry, we can tell when and where gases like oxygen first

became abundant in the air and ocean.
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The same was true for biologists, happy with a world

that Darwin and his successors had described of organisms

evolving by natural selection in a static environment. Sci-

ence can never be certain, but this was as certain as they

needed to be. Gaia, like some tyrannical editor, seemed to

be asking them to go back and rewrite the text of evolving

life—to change it so that the world in which life evolved

was no fixed and unchanging world of geology but was as

dynamic as the organisms themselves.

In a way the inhabitants of these two major branches of

science were expressing the same urge that is making all of

us destroy our niche on the present Earth. We all want to

continue business as usual. We would like to live out our

lives and enjoy our pensioned retirement. Changing a

hard-won way of thinking gathered over a lifetime de-

mands a great deal of justification, and I can well under-

stand why biologists do not want to embrace Earth science

and have it trample across their cozy niche; neither do ge-

ologists wish to herd a host of organisms in their neat and

tidy palaces.

Among scientists, only climatologists tolerated Gaia; this

may have been because, like physicians, they are at the

sharp end of science and constantly accountable to the

public. We expect a great deal of our weather forecasters,

but they know the world they are asked to predict is

chaotic, and so it is predictable only to a limited extent.

From the earliest days climate scientists have been open-

minded and given support: the first invited talk and paper
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with Gaia in the title was at a meeting of atmospheric sci-

entists, a Gordon Research Conference in New Hampshire

in 1970, organized by James Lodge of NCAR. The out-

standing atmospheric and climate scientist Bert Bolin,

founder of the IPCC, invited the next Gaia paper, this time

with my colleague Lynn Margulis. The paper, “Atmos-

pheric Homeostasis by and for the Biosphere; the Gaia Hy-

pothesis,” was published in 1974 in Tellus, the Swedish

journal of climate science.

The climate scientist Stephen Schneider persuaded the

American Geophysical Union to hold two of its prestigious

Chapman Conferences with Gaia as the topic, under the ti-

tles “Scientists for Gaia” and “Scientists Debate Gaia.” I

am truly grateful to Steve for his condescension, in the best

and not the pejorative sense of that word. The conference

in 1988 at San Diego was for me a great ordeal and I felt

very much alone. The second in Valencia in 2001 revealed

how far Gaian thinking had come and how far it had to go.

Despite the difficulties, Gaia theory slowly gained accep-

tance, and in 2003 the most senior Earth science society,

the Geological Society of London, awarded me their Wol-

laston Medal and in their citation made clear that the

award was for Gaia theory; and in 2005 an invitation from

the Ecological Society to join their Fellowship finally put

the theory in its proper place as one that unified Earth and

life sciences. It has taken science a long time to look at

Gaia. Why was this? I think the blame lies mainly with sci-

entists in the nineteenth century, who for their own
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 aggrandizement seized and declared independent the terri-

tories of physics, chemistry, and Earth and life sciences.

This conflict over turf still goes on, and new disciplines

keep forming. To expect the unifying ideas of Gaia to be

welcome in such an environment was foolish, almost as

bad as trying to bring peace to a quarrelling married cou-

ple—predictably they unite, but in opposition to the inter-

vener. Not surprisingly, the restored union of the sciences

brought forth biogeochemistry and Earth system science.

And what is wrong with that? Not much, except to ask,

would you have read this book if it had the title The Van-

ishing Face of Earth System Science?

Gaia theory has become firmly fixed in the minds of some

important American scientists as 1960s mythology and not

science at all. Should you think that this statement is an ex-

aggeration, and no more than my disgruntled opinion, con-

sider these recent critical comments. In 2007, a review of

The Revenge of Gaia by Brian Hayes, in American Scien-

tist, had the scornful title, “Great Balls of Gaia.” Another

otherwise favorable reviewer, the physicist Professor Peter

Schroeder, began his review in Physics Today with, “The

very word Gaia may be sufficient to scare away prospective

readers of this book. To me it conveyed a mysterious entity

which would be used by New Agers and not by respectable

scientists.” He went on to say, “So my first task is to dispel

such illusions and point out that Gaia theory is the product

of scientific observation, and like good scientific theories is

subject to test and bears predictive fruit.”
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Perhaps most telling was a conversation I accidentally

overhead in the staff coffee room at NCAR:

Researcher: I think that we should call our paper, “The

geophysiology of forest ecosystems.”

Senior scientist: You cannot use that word, “geophysiol-

ogy”; it will ruin your reputation as a scientist—it is just

closet Gaia.

And so scorn tends to make Gaia theory the science

that dare not speak its name. Yet evidence for the theory

is already strong and ordinarily in science we would be

acting as if it were done and delivered—as in the pur-

chase of a house when the contracts have been signed and

one is waiting for the completion date. But with Gaia so

much is at stake that we find it hard to accept and make a

move. If it is real it demotes us from ownership of the

Earth to being one of many animal species. It still allows

us to be important and powerful, but the Earth can pro-

ceed without us, whereas without photosynthesizers it

would probably soon die. At a lesser level, acceptance

cast doubt on the way science is divided into a convenient

set of disciplines and makes it inexcusable to continue

predicting and planning our future on the basis of the re-

ductionist science of past centuries. These issues are far

too big to take on in less than a decade. I am not asking

my scientist colleagues to give up their rational Cartesian

way of thinking that has served them so well and immedi-

ately become systems scientists. All I do ask is that they

take Gaia science seriously.
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7 

Perceptions of Gaia

A rarely mentioned drawback to science is how frequently

we have to take for true things that cannot directly be con-

firmed by our senses. We are told that everything is made

of atoms, but we can never see them with our naked eyes;

and, worse, physicists tell us that atoms exist as waves as

well as particles and that almost everything is empty space.

We just have to believe in our solid flesh. When I look

down from space I will be able to see our planet as it is,

something real and solid; but as with atoms I can only in-

fer Gaia’s existence from indirect evidence.

To illustrate the pitfalls of perception, let me tell you

how ten years ago Sandy and I experienced a disturbingly

powerful misconception during a walk along the Cornish

coast. A rough, stony path led us forward along the edge

of cliffs that fell some 400 feet to boulders and bright

patches of sand below. This is one of our favorite walks,
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part of the South-West Coast Path around the southern

peninsular that points like a finger at the American conti-

nent, three thousand miles across the ocean. As we walked,

we were immersed in a gentle stream of cool, clean sea air

and our ears were full of the sounds of gulls and breaking

waves. It was easy to imagine that this was a scene un-

touched by the artifacts of man. But it did not last. There

on a larger patch of sand, ahead and below, was a caravan.

On the beach it seemed monstrous, out of place, and in

fact illegal. Our vision of peace was shattered; if caravans

in a place like this became the rule there would be no es-

cape from the noise, the intrusion, and the ugliness of ur-

ban life. We walked on in indignation, but as if by magic

the ugly caravan dissolved in the sunlight to become a

patch of sand, dark rock, and a pool of seawater. By a trick

of light and scene, our two minds had simultaneously per-

ceived the false image of a caravan and our feelings and

prejudices had filled in the details, making it seem real.

Had we, or the path, turned away from the view, Sandy

and I would have stayed convinced that what we saw was

real and would have made certain and confident witnesses

in a court of law.

This was a small but unforgettable illusion. As I write

now I wonder what separates illusion from what we call

reality in our minds. How much of Gaia will I be seeing

when I look from the porthole of Richard’s spaceship at

the Earth some sixty miles below? One way to answer this

is to consider how we perceive, and to do that we need to
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return to the start of our lives. At some time, even perhaps

when we are in our mother’s womb, our minds follow the

instructions laid down by our genes and begin the huge

task of building a model of the world based on the con-

stant input from our senses. When we are born we start

with more than an empty mind—a great deal of the mind’s

operating system is specified in our genes and we call it in-

stinct; such as the fear that grips most of us when exposed

at the top of a high place above a vertiginous fall. Some

species, birds for example, seem to be born with more in-

stinct than we have, and know without being taught how

to build their nests, or how to navigate across the world to

a distant nesting site. Make no mistake, conscious animals

are model-makers: they have to be to survive; and intelli-

gence is mainly a component of our survival kit, as neces-

sary as spines are to hedgehogs, or white fur to a polar

bear. I suspect that one huge advantage of human brains is

their plasticity, the ability to draw in new information and

from it form intuition, a mind-made software that acts as a

surrogate for instinct and allows rapid and unconscious

action. Unlike instinct, intuition is for the user only and

not passed on to the next generation, but it is wonderfully

adaptable and it strengthens our mind’s model. The adapt-

ability of intuition is especially valuable for a species like

us that wanders across the Earth through ever-changing

environments. Perhaps our most important need is a rapid

capacity to recognize life. Something alive could be our

predator, a tiger well disguised by camouflage and almost
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invisible against the forest vegetation. It could be our mate

coming to a tryst, or it could be our next fresh meal. Our

survival and that of our species depends upon a fast and

accurate answer to the question: Is it alive?

So how do we know, how do we instantly recognize life?

Mainly by seeking differences and similarities between

what our model predicts and what our eyes see. With a

static scene the model in our minds matches the sensory in-

put from our eyes until something in the scene is revealed

as different from the background. As every predator

knows, movement is revealing. The movement and the

shape of the mover indicate the probable presence of life.

Rocks, soil, and vegetation (apart from when it moves

with the wind) are still, and they provide a background of

constancy against which the movement of a mammal, bird,

or reptile is immediately seen and we match its shape

against what our model confirms is a match for one of the

edible, loveable, or lethal parts of life. We rapidly distin-

guish all plants from rocks and soil in a similar way by

their intricate repeating patterns of leaves and stalks: per-

haps this is why natural crystals are so fascinating—they

are dead but have a repeating regularity not found in mere

rocks or stones. The power of our life-detector proves itself

when we look into a fast-flowing river from a bridge: the

constant motion of the water flashes in our eyes as eddies

and waves reflect sunlight from the river, yet if the water is

clear we can see a fish, especially if it is swimming up-

stream against the flow, and we know that it is alive.
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Should you think this easy and obvious and boring, try to

design a life-detection device that would detect the pres-

ence of that fish. It is far from easy, yet life detection is a

free part of our mental equipment and can be updated and

improved by training.

We are forever comparing the world perceived by our

senses with the world of the model in our minds. When the

match is good we accept this as reality. Sandy and I were

sure that the caravan we saw on the beach was real, but it

was no more than constructive editing by our minds to

make a better match to our mental model by touching up a

vague part of the scene we thought we saw. It is daunting

to think that had we not walked on and seen that the cara-

van was a delusion, the next time we walked along those

cliffs we would have wondered when and where it had

gone. Our model of the world is continually updated, and

not always by the truth.

A substantial part of science has arisen from the discov-

ery of instruments that can see, feel, and hear far beyond

the range of our senses. The microscope that Leeuwenhoek

first made in the seventeenth century enabled him to see

tiny organisms swimming in a droplet of water, and their

shape and motion told him that they were alive. His micro-

scope extended our range of perception to things smaller

than we can see by naked eye. Others, especially Galileo,

did the same with telescopes, and so now we can see al-

most to the edge of the universe. Our eyes and ears are lim-

ited by evolution to what is needed to survive and nothing
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more. Human beings have never encountered environ-

ments that would have made necessary the possession of

eyes that could see in the far infrared or ultraviolet parts of

the spectrum, but reptiles and insects did. We too would

have such senses had the need been great enough.

Wondrously powerful as they are, our brains did not

evolve by natural selection to see and recognize atoms or

distant galaxies. No wonder we scientists try so feverishly

to build models and instruments potent enough to make

the perception of these imperceptibles seem real. Why then

do all of us not see by instinct or intuition something as

important as Gaia? Mainly, I think, because until quite re-

cently it has not been important for our selection as orga-

nisms. The same is true of the material Earth; it was not

until at least the time of the Greeks that wise men told us

that we walked on a spherical planet that orbited the sun.

Our world previously was no more than the perceivable

environment, and what our imaginations made of the sky

and the ground beneath our feet.

Friendly scientists often ask me: Why do you keep on

talking about the Earth as alive? This is a good question,

and there is no rational answer; indeed to some of my

friends my suggestion that the whole planet is alive is not

only “scientifically incorrect,” it is absurd. In reply I say

that science has not yet formulated a full definition of life.

Physicists and chemists have one definition, biologists an-

other, and neither are complete. But this does not persuade

many of my friends because they think they know by in-
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stinct or intuition what is alive, and in no way does the

Earth meet their criteria for life. Instinct and intuition are

powerful and cannot be denied, and so my assertion of

planet-sized life is discounted as an eccentricity.

Well maybe it is, but scientists do not do much better.

Thus the physicist, Schrödinger, in his remarkable small

book What Is Life? suggested that a long-sustained dynamic

reduction of internal entropy distinguishes life from its inor-

ganic environment; and this thought has been echoed by

other physicists, especially Bernal and Denbigh. Biologists

simply say a living thing is one that reproduces, and the er-

rors of reproduction are corrected by natural selection. Nei-

ther of these definitions is helpful. The physicist’s answer is

too broad and would mean that mechanical devices such as

refrigerators were alive; the biologist’s definition is too nar-

row and would mean that I, a grandmother, or a Lombardy

poplar tree were dead, since we cannot reproduce. Gaia fits

the physicist’s definition but fails the biologist’s test because

it does not reproduce, nor can there be natural selection

among planets. But something that lives a quarter the age of

the universe surely does not need to reproduce, and perhaps

Gaia’s natural selection takes place internally as organisms

and their environment evolve in a tightly coupled union.

Carry that thought further by thinking of a grandmother

too old to bear children: According to the biologist’s defini-

tion, she is not alive but she is, as is Gaia, a vast community

of cooperating living cells that do reproduce. Perception and

insight still set the limit to our wisdom.
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Science is broadly divided between the rational Carte-

sian thinking of Earth and life scientists and the holistic

thinking of physiologists, engineers and physicists. The ho-

listic scientists speak in mathematical languages and are all

too often incomprehensible to the rationalists. Rational

scientists dislike insights; they much prefer step-by-step ex-

planations based on reliable and orderly data. Insight they

see as the child of intuition, something irrational drawn

from a mess of apparently conflicting data. Dislike it they

may, but the large steps in science come as often from in-

sight as from rational analysis and synthesis. This is espe-

cially true of quantum physics and of the science of living

things; indeed it may never be possible to define life or

quantum entanglement in rational scientific terms. Charles

Darwin recognized by insight that the evolution of all liv-

ing organisms is governed by natural selection, or as

Jacques Monod put it, through the operation of chance

and necessity, but it was not until fifty or more years later,

and after a lifetime of research and evidence-gathering by

Darwin himself, and later by Mendel, that the full scientific

significance of evolution was established by such able men

as Fisher, Haldane, and Ernst Mayr, and more recently

John Maynard Smith, Robert May, and Bill Hamilton.

Even then it was only one hundred years after Darwin that

his apostles E. O. Wilson and Richard Dawkins made it

publicly comprehensible. We now have the insight of Gaia

that Darwinian evolution is constrained by feedback from

the material environment. Thus simply by breathing we
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add carbon dioxide to the air, which has consequences for

everything alive on the Earth, including us, and for the

evolution of the whole great system. Gaia is a holistic con-

cept and therefore unpalatable to rational Earth and life

scientists. Physicists and physiologists, used to handling

the literally incomprehensible, take Gaia and other holistic

concepts as useful and are glad to work with them. But

there is still a long way to go before Gaia is understood as

well as evolution by natural selection. I think it’s signifi-

cant that William Hamilton, arguably the greatest biolo-

gist of the twentieth century, called the concept of Gaia

Copernican, but he added that it would take another New-

ton to explain how Gaian self-regulation took place

through Darwinian natural selection.

My reason for persisting in calling the Earth Gaia and

saying it is alive is not a personal foible; it is because I see

this as an essential step in the process of public, as well as

scientific, understanding. Until we all feel intuitively that

the Earth is a living system, and know that we are a part

of it, we will fail to react automatically for its and ulti-

mately our own protection. It was not until 2004 that a

few of us around the world, including Tim Flannery and

Al Gore, came to the insight that climate change was more

than an academic scientific project but instead a menacing

reality, and one that threatened all of us. Before 2004 the

debate about Gaia concerned only me and a relatively

small number of scientists, but now a proper understand-

ing of the Earth as a living planet is a matter of life or
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death for billions of people, and extinction for a whole

range of species. Unless we accept the Earth as alive, with

us as a part of it, we may not know what to do or where

to go as the ocean rises on a hot dry world. For this pur-

pose the name Gaia is far more suitable for a vast live en-

tity than some dull acronym based on rational scientific

terms. In ancient Greece, Gaia was the goddess of the

Earth. To many Greeks, she was the most revered goddess

of all, and interestingly the only god or goddess that was

never the subject of scandal.

May I remind you why I call the Earth Gaia? It came

about in the 1960s when the author William Golding, who

subsequently won the Nobel and many other prizes, was a

near neighbor and friend. We both lived in the village of

Bowerchalke, twelve miles southwest of Salisbury in south-

ern England. We would often talk on scientific topics on

walks around the village or in the village pub, the Bell Inn.

In 1968 or 1969, during a walk, I tried out my hypothesis

on him; he was receptive because, unlike most literary fig-

ures, he had taken physics while at Oxford as an under-

graduate and fully understood the science of my argument.

He grew enthusiastic and said, “If you are intending to

come out with a large idea like that, I suggest that you give

it a proper name: I propose ‘Gaia.’” I was pleased with his

suggestion—it was a word, not an acronym, and even then

I saw the Earth as in certain ways alive, at least to the ex-

tent that it appeared to regulate its own climate and chem-

istry. Few scientists are familiar with the classics, and are
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unaware that Gaia is sometimes given the alternate name

“Ge.” Ge, of course, is the prefix of the sciences of geol-

ogy, geophysics and geochemistry. To Golding, Gaia, the

goddess who brought order out of chaos, was the appro-

priate title for a hypothesis about an Earth system that reg-

ulated its climate and chemistry so as to sustain

habitability.

My first book, Gaia: A New Look at Life on Earth, was

written in the 1970s, mostly in Ireland. Perhaps because of

the deeply religious sensibility of that land, I wrote: “There

is no set of rules or prescription for living with Gaia, there

are only consequences.” This was an insight and not a log-

ically drawn scientific inference, but nothing has happened

in the thirty years since to make me change my mind. Our

understanding of the Earth has been hampered by the ra-

pidity and success of model-making in computers. I am not

for a moment suggesting that computer model-making is

not a valuable and enjoyable activity; indeed much of

modern science would not have happened without it. The

difficulty arises because it is as easy to make computer

models of the rational science of the twentieth century, as

it is to make holistic models like the simple Gaia model

known as Daisyworld. Once a large computer model is

made and produces a believable result—especially if, when

run backward, it successfully predicts the climate of the

previous decades—then its forecasts of the future tend to

be accepted as true. This is the state of many of the major

climate models now in use by the IPCC. Gaia theory is a
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holistic, whole-system theory, and as such cannot be mod-

eled using the concepts of the Earth or life sciences sepa-

rately. Almost all science other than upmarket physics,

physiology, and engineering is reductionist; in other words,

it is about taking something to bits to reveal its ultimately

irreducible parts, such as atoms or DNA. Holistic system

science is concerned with intact working systems such as

the Earth, living organisms, and self-regulating artifacts

made by engineers. Apart from these dynamic systems, ho-

listic science is still emerging and not yet commonly used

in practice.

Computers were first used in science by physicists to

help them with difficult equations and with the mind-

breaking complexities of the newly emerging concepts of

quantum theory. It was not long before engineers with just

as hard but more down-to-earth problems used them to

improve their inventions, and later they built models that

displayed a three-dimensional image of their widgets on

the computer screen, images that could be rotated and

poked at on the screen almost as if they were real. Engi-

neers are practical people and I doubt if any of their mod-

els, no matter how real they appeared, went into mass

production without the trial and test of a solid prototype.

Other scientists began to compose models and use them to

refine their ideas and experiments.

In the 1960s and ’70s computers were hardly more pow-

erful than a pocket calculator, and their program languages

were peculiar. One such form of mathematical logic re-
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joiced in the name “reverse polish,” and not surprisingly

nonmathematical scientists avoided it. By the 1980s fairly

powerful computers were mass produced and easy to use.

Just as the average driver has no idea of the working of a

modern car, so scientists using the computer on their desk

have no idea of its detailed working but confidently drive it

to solve their problems. Earth and life scientists used com-

puters to model the cycles of the chemical elements or the

evolution of populations. Computer models are so helpful

that before long many biologists and geologists put their

field equipment in store and began a new life working with

their models pretending that they were the real world. This

Pygmalion fate—falling in love with the model—is all too

easy, as generations of the young and old playing their com-

puter games have found. Gradually the world of science has

evolved to the dangerous point where model-building has

precedence over observation and measurement, especially

in Earth and life sciences. In certain ways modeling by sci-

entists has become a threat to the foundation on which sci-

ence has stood: the acceptance that nature is always the

final arbiter and that a hypothesis must always be tested by

experiment and observation in the real world.

The slowness to accept Gaia theory was also due, I

think, to the longevity of the ideas of genius. Just as the el-

egance of Newtonian physics delayed the emergence of

modern physics, so did a rigid interpretation of Darwinism

delay the acceptance of Gaia. We have a saying in science:

“The eminence of a scientist is measured by the length of
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time he holds up progress.” The overarching genius of

Descartes, the father of reductionism, still hampers the

emergence of a holistic Earth science in which Earth and

life science form a single discipline. His insistence on the

separation of mind and body persisted as an influence so

strongly that only in the last few years has the notion of

“plasticity” become respectable: the concept that thought

can change the physical structure of the brain and vice

versa.

Physicists and chemists make models but are usually

aware of their limitations and almost always ask for exper-

imental verification. Unfortunately Earth and life scientists

can only rarely experiment directly with the Earth and are

forced to be less pure. Too often the programs that define a

model are composed by professional computer scientists or

are even commercial modeling applications. The ideas in-

cluded in the models may be those of the scientists, but the

models may be mathematically incapable of handling

them. It is as if we expected a car built to travel on roads

would do as well across farmers’ fields and hedges. Ideally

scientists should be personally engaged in the writing of

their software, for in this way the model-maker has the

chance to interact with the model and maybe even under-

stand it.

Trust in the validity of models made in isolation by

Earth and life scientists had a malign effect on their under-

standing of the Earth and on the acceptance of Gaia the-

ory. This was because life scientists failed to include a
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dynamically responsive environment and Earth scientists

failed to include organisms that evolved and responded dy-

namically to environmental change. There was a funda-

mental and less excusable reason for their reluctance to

engage in transdisciplinary modeling. The mathematics of

dynamic self-regulating systems frequently involves differ-

ential equations that are difficult or impossible to solve by

traditional methods. It is too easy to slip into the practice

of making what are called “linearizing approximations,”

and then forget their presence as the model evolves.

Scientists of these separated disciplines should have real-

ized that they were on the wrong track when quite inde-

pendently the geophysicist Edward Lorenz, in 1961, and

the neo-Darwinist biologist Robert May, in 1973, made the

remarkable discovery that deterministic chaos was an in-

herent part of the computer models they researched. Deter-

ministic chaos is not an oxymoron, however much it may

seem like one. Up until Lorenz and May started using com-

puters to solve systems rich in difficult equations almost all

science clung to the comforting idea put forward in 1814

by the French mathematician Pierre-Simon Laplace that the

universe was deterministic and if the precise location and

momentum of every particle in the universe were known,

then by using Newton’s laws we could reveal the entire

course of cosmic events, past, present, and future. The first

indication that this was too good to be true came in 1890

when Henri Poincaré studied the interaction of three bodies

held together by gravity while orbiting in space; he found
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that the behavior of the system was wholly unpredictable.

This was a serious flaw in the concept of determinism, but

it was not until 1961 that Lorenz used an early computer to

demonstrate the chaotic behavior of weather and found it

to be wholly unpredictable beyond about a week. He was

the originator of the “butterfly effect”—the idea that the

small eddy made by the flapping of a butterfly’s wings

could initiate much later a hurricane; he showed that this

was because weather systems are highly sensitive to the ini-

tial conditions of their origin. May found that computer

models of population growth showed similar chaotic be-

havior, especially in biological systems containing more

than two species; these discoveries stirred great interest

among mathematicians and scientists in the nature of deter-

ministic chaos. Practical applications in communications

and to new art forms have emerged, for example those

stunning illustrations of fractal mathematics such as the

Mandelbrot set. It was so human and apparently under-

standable that neither of these eminent scientists made

much of the fact that the appearance of chaos suggested

that something might be wrong with their hypotheses

about the world. Lorenz and May were both looking at the

Earth system from within separated scientific disciplines

that took cause-and-effect determinism for granted. Yet if

instead we look at weather and population growth as a sin-

gle tightly coupled system we find it is wholly free of deter-

ministic chaos. More than this, the combined model is

resilient to perturbation and makes credible predictions.
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This is why I persist with my pleas to IPCC scientists to in-

clude in their models the Earth’s ecosystems in a similarly

tightly coupled, responsive way.

In no way do I imply that either Lorenz or May had

blundered into chaos. They were the best of scientists and

came upon chaos serendipitously; they had the wisdom to

see it as a truly great discovery in itself and one that has

enlarged both art and science.
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8 

To Be or Not To Be Green

My father, Tom Lovelock, was born on the Berkshire

Downs that sit above the small town of Wantage—in King

Alfred’s time the capital of England. His childhood years

were spent almost as close to the natural world as a

hunter-gatherer. He talked of a very different world from

that described by his contemporary, the novelist Thomas

Hardy. Tom was one of a family of thirteen children

looked after by my widowed grandmother; my grandfa-

ther had worked before his death at a nearby brickyard—

owned by the family of the naturalist, J. E. Lousley, whose

book The Wildflowers of Chalk and Limestone graces

Collins New Naturalist series. For most of Tom’s child-

hood the family was exceedingly poor. There was no wel-

fare state, and the looming next step down the rungs of

poverty was the workhouse. Few now recall the dread of

incarceration in the workhouse that blighted the lives of
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the poor in Victorian times. I have no idea if it was as bad

as Dickens portrayed it, but the fear of it was real and held

by my grandparents on both sides of the family. My Love-

lock aunts and uncles had as children to scrounge a living

from the countryside until, much later, my grandmother

remarried; my father was one of the older siblings, and the

main task of gathering food fell upon him. He told me how

a local farmer let him take a few turnips from his fields,

and what a poor diet they made. He was given the chance

to become the apprentice to a poacher and took it; this

provided the family with their first meals of meat, as rab-

bits and pheasants arrived home to supplement their im-

poverished diet. Few country occupations provide as good

training in wild-animal behavior, or as it is now known,

ethology, as poaching. Tom spent much of his childhood

years learning this unusual craft. Of course, with no

schooling whatsoever, he was illiterate and innumerate.

When he reached the age of fourteen, perhaps made care-

less by his insipient manhood, he was caught poaching in

the local squire’s woods by gamekeepers. He was charged

with the offense, appeared before the court, and was sen-

tenced to six months hard labor, which he served in Read-

ing Gaol. (This was several years before Oscar Wilde spent

time there.)

After this experience, he wisely concluded that his trade

was now too well known in Wantage, and so he went to

London. Here he took a laboring job in the then high-tech

industry of coal gas. The manager of the Vauxhall Gas
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Works was a chemist, Dr. Livsey, and he soon appreciated

that Tom was a cut above the average in intelligence.

When he discovered that he was illiterate, he sent him to

the Battersea Polytechnic, where they remedied his lack of

the three R’s. I am proud to possess the handwritten letter

from the Polytechnic, recording his proficiency. From then

on his life rapidly improved in the burgeoning prosperity

of Edwardian England.

Tom was the best of fathers, and as the only child of his

second marriage I enjoyed his full attention. On weekend

walks in the countryside of Surrey, which in the 1920s was

only a short tram or train ride from our home in Brixton, I

was taught the craft of a countryman by a master etholo-

gist, and from this I developed an intense feeling and ap-

preciation for untouched countryside. This unscheduled

teaching must have played a large part in my love of the

natural world and in the development of Gaia and all that

goes with it.

From Tom I learned the common names of the wild

plants, such as lords-and-ladies (Arum maculatum), fat

hen (Chenopodium album), and scarlet pimpernel (Ana-

gallis arvensis). Back then on the chalk downs we found

Galium verum, or as Tom knew it, lady’s bedstraw, and

sometimes we saw that now almost-extinct but splendid

scarlet buttercup, the pheasant’s eye, Adonis annua. Now

that we have definition by genome, perhaps those older

names will recover the prestige they had before the neces-

sary, but to me dull, nomenclature of Linnaeus was
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adopted. I think those old names are needed to truly ap-

preciate the importance and seemliness of the natural

world, something the punctilious precision of academia

has lost for us.

My scientist friends may think me odd to feel this way

about proper botany, but the poet Ogden Nash put my

feelings well in his verse:

I give you now Professor Twist,

A conscientious scientist.

Trustees exclaimed, “He never bungles!”

And sent him off to distant jungles.

Camped on a tropic riverside,

One day he missed his loving bride.

She had, the guide informed him later,

Been eaten by an alligator.

Professor Twist could not but smile.

“You mean,” he said, “a crocodile.”

Sandy and I now live at Coombe Mill. It was originally no

more than two workmen’s cottages, which a previous

owner had joined together to make a passable three-bed-

roomed house. It was built on what people in Devon call

the hams, the water meadows of the River Carey that

flowed past the mill. When I arrived in 1977, the mill and

the miller’s house were both derelict and beyond any hope

of restoration. All of the buildings at the site were con-

structed of cob, a mixture of mud and straw that Mexicans
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would recognize as adobe: an efficient but natural building

material that keeps the house warm in winter and cool in

summer. The climate here is notorious for its lashing rain

and high winds, not an ideal climate for a mud-and-straw

house, but my friendly local builder told me, “She’ll be fine

so long as her head and her feet stay dry,” and despite the

wind and rain the cob walls of our cottage have remained

strong and supporting for more than 250 years. The roof

was made with Delabole slates, and many of them are still

there; these and a few courses of local stone at their feet

kept the cob walls dry. The mill house and the mill itself

had rapidly deteriorated as soon as the roofing failed to

keep the rain out.

Coombe Mill was not the usual grain-grinding mill; it

was a workshop with lathes and saw-benches, to which the

local farmers brought their timber and had it turned into

useful objects. Even though “renewable”  energy—water

power—was far less economic than simply buying electric-

ity from the national supply, the mill was a going concern

until the early 1960s. Then several things happened. First

the river changed course, and the leat that supplied water

for the mill wheels dried up, and then the branchline rail-

way that went past the mill closed. The last insult was the

arrival of rural electricity, which made pointless any at-

tempt by us to restore the mill.

Before the 1960s Coombe Mill must have been an idyllic

place in a natural country way: the mill pond teemed with

fish, and in the river salmon and sea trout swam and made
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their nests along the riverbank. Even when we arrived in

April 1977 birdsong filled the air, and later in the year the

low-pitched buzz of hornets cheered us as they went pur-

posefully on their way and, unlike their cousins the wasps,

never pestered or settled on us. We even had otters pay a

visit. In many ways Coombe Mill then was the good lifer’s

dream come true. For Helen, my first wife, then much dis-

abled by multiple sclerosis, the isolation (the nearest house

was half a mile away) was a boon after the far too solici-

tous attention at our previous home in the village of Bow-

erchalke, 130 miles nearer to London. As a solitary person

myself, it was comforting that Helen liked the solitude as

much as I did. We were deep in the unspoilt countryside

with fourteen acres of pasture, soon to become thirty-five.

I was at this time a scientist deeply involved with the deple-

tion of stratospheric ozone by the CFCs. I did not choose

to become involved in this politicized environmental con-

cern that was then drawing almost as much attention as

climate change does now: the fact was, I had accidentally

started it! It happened because I had invented the instru-

ment that measured the abundance of CFCs. As if this

were not enough, I had also calculated that these appar-

ently harmless substances were accumulating in the air

unchecked. As a consequence it was difficult to avoid

working on this atmospheric problem. The greatest pres-

sure to work on the subject came from the odd fact that I

was the only scientist in the world who was measuring the

atmospheric abundance of the CFCs with any degree of
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 accuracy; this statement may seem false pride, but it is not.

To carry out my work, I needed a laboratory site distant

from any accidental releases of these gases, such as from a

leaking refrigerator or spray can. Coombe Mill with its

then fourteen acres in a countryside of small and distant

farms was ideal. My first task was to arrange with a local

architect and builder the construction of a laboratory adja-

cent to the house. By early 1978 this was built and in full

operation. But what could I do with fourteen acres of

small fields enclosed by ancient hedgerows?

So began my first and last disastrous encounter with bio-

fuels. I had read in the Farmer’s Weekly that Prince Charles

had installed on a nearby estate a grass-burning boiler for

central heating. Innocently I thought, “What a splendid

way to heat Coombe Mill: with plenty of grass there will

be ample fuel, and the surplus could be sold.” I bought one

of these specially constructed boilers from a firm in nearby

Hatherleigh and had it installed in an outbuilding and

plumbed into the house. Cutting the grass and making

haystacks of it at the end of the season was done by a

friendly nearby farmer—the only problem I had was that

he refused payment, saying that he was just helping out a

neighbor. The instructions said to put a bale of hay into the

boiler, which was a cylindrical tube, and ignite one end as

if it were a cigarette. Close the door and it would smolder

and heat the water and not require replacing for twelve

hours. To me this all seemed so economic and so perfectly

green: the carbon dioxide emitted from the boiler was that
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borrowed by the grass from last year’s air, so we were

merely replacing it.

That was the theory, but in practice I soon found that the

boiler was far too much for one busy man to handle be-

cause it rarely stayed lit for longer than an hour, and it

dawned on me that Prince Charles probably had a retinue

of farmhands who would tend his grass-burning boiler and

keep it going. In the cold of winter, growing desperate from

the demands of this incubus of a boiler, I tried the danger-

ous expedient of feeding oxygen into the air supply—I

knew that even a 1 percent increase in the oxygen content

of the air nearly doubles Inthe chance of the fire continuing

to burn. It helped a little but was hardly an environmen-

tally friendly or economic way of central heating. A

friendly forester named Mr. Thomas kindly suggested that

logs would be easier to handle and that he had plenty. I

bought a pile from him at an astonishingly small price, af-

ter which life was somewhat easier. Then came a near dis-

aster: in the winter of 1980 the stone path outside the

boiler shed was covered in ice, and when I went to deliver

a load of logs using my small Iseki tractor it skidded on the

ice, fell on to a nearby slope, and turned over, pinning me

beneath the steering wheel. I switched off the engine (now

running upside down) and with a supreme effort managed

to drag myself from beneath the wheel. I was in no great

pain and could walk around, so I assumed that I had had a

lucky escape. The following night in bed I was woken by

severe pain in my thigh; foolishly I assumed that my leg
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muscle had suffered in the accident. Several years later I

discovered that in fact I had crushed my left kidney and

rendered it dysfunctional.

The tractor was soon restored to health, but I still had

not worked out what I could do with fourteen acres of

grass. Only then did it occur to me that the proper thing to

do was to let the land of Coombe Mill go back to nature,

to Gaia. Being an impatient man my next mistake was to

assume that a return to nature could be hastened by plant-

ing trees. I wanted to do it properly, so I sought the advice

of a forestry ecologist; he paid a visit to examine the site

and sent me a map showing where the different species of

trees would naturally be expected to grow—willows and

alders along the river, oaks and ash in the fields, and a

sprinkling of other native trees, including English maple,

the wayfaring tree, birch and beech. It all seemed the right

and proper environmentally friendly thing to do, and inci-

dentally it would provide a lifetime of indulgences for

travel by air.

Why was it a mistake to plant trees? What I should have

done was to have been brave and left the fields untouched so

that Gaia in her good time could plant not just trees, but a

whole forest ecosystem. A forest is much more than trees:

there is the soil with its teeming life at every level from bac-

teria to worms and beetles, and even moles and badgers;

then above ground there are the low-lying plants, the shrubs

and of course the birds and animals that occupy what has

now become a proper forest. Fortunately, I planted only
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two-thirds of the now 35 acres with trees—twenty thousand

in all. On the one-third that was meadow I allowed self-

sown trees and shrubs to move in from the edges. There is

seemliness about this natural growth that the regimented ar-

ray of the plantation fails to show. Now the climate is

changing, the plantation may not survive, but the natural

ecosystem can evolve and change its diversity of species,

adapted to whatever is the new climate.

In common with many urban settlers in the countryside,

we imagined on first moving to Devon that a four-wheel-

drive car would be essential, especially in the icy winters of

thirty years ago. We have long since corrected that mistake

and now drive a small but roomy Honda Jazz and go no

more than six thousand miles a year. The village shop cum

post office is two miles away and almost always we walk

to it. The weekly shop at the supermarket in Launceston is

unavoidable, as are the all-too-frequent trips to Exeter,

forty-five miles away, to catch the train to London and the

world. Coombe Mill is lit by low-energy fluorescent bulbs

and has been for the last thirty years. When not in use our

computers are on standby or turned off. I hasten to add,

we chose these low-energy devices and actions simply to

avoid waste. Having grown up in times of depression and

war, the inhabitants of Coombe Mill had developed an in-

stinct toward a frugal lifestyle.

The Lovelocks have been slow in the approach to a true

Gaian lifestyle, and the path to virtue is littered with foolish

mistakes. Some of these I have listed already, but one I look
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back on with affection was an attempt in 1978 to lead the

“good life” of subsistence horticulture. At the back of our

house is a five-acre meadow, and I was stimulated by a

magazine article recommending the growing of potatoes

under a sheet of black plastic. I placed a  10-meter-square

sheet of black polyethylene directly on the meadow grass

and pegged it down to stop it blowing away in the wind.

Next a series of crosscuts were made in the plastic with a

Stanley knife, and seed potatoes were inserted into each of

them. The black plastic denied the grass sunlight, so that it

died off and became compost for the potatoes to grow in.

Grow they did, and in no time healthy-looking leaves and

flowers stuck up from the black plastic surface. When the

time came to harvest my crop, I unpegged the sheet and

lifted it from one corner. It really was a splendid crop, and I

bent down to lift the first large spud and then leaped back,

for the whole sheet was seething with the movement of

adders, England’s only venomous snake. They had crept

under to enjoy the warmth trapped by the black sheet and

found an unending source of food in the small rodents who

came from round and about to eat the potatoes. Here I

thought was the perfect farming ecosystem: grow potatoes

this way and have the snakes as guardians of the crop.

Sadly it was not to be, for the following winter was by far

the coldest we ever experienced. A blizzard with snow as

fine as dust blew all one night and cut us off from the rest

of England for nearly two weeks. Snowdrifts up to three

meters high blocked the roads, and the temperature at
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Coombe Mill fell to -4 °F. Next year when summer came

the adders and grass snakes were all gone, and so were my

hopes of a snake-and-potato farm. I wondered if it was the

cold or the heavy snow that had killed them. Whatever it

was, it showed that even in the relative warmth of South-

west England’s exceptional weather could still occur.

Nothing like it has happened in the thirty years since, but

on at least four occasions up until 1990 the fast-flowing

River Carey that goes past the mill has frozen hard enough

to walk across its fifteen-yard width. Since then the global

warming trend has made winters mild with, at most, brief

snowfalls that soon melt and frost rarely going below 

23 °F; the river shows not even a sliver of ice along its

banks.

I almost made a similar mistake by imagining that a hor-

net farm was possible. Soon after we arrived at Coombe

Mill, we were amazed and slightly scared by the abun-

dance of hornets. English hornets are much bigger than

those small, annoying black-and-yellow American hornets:

they are huge insects, two inches or more long, with dark

brown and reddish-yellow rings around their abdomens.

Their sting is potent but (as I have mentioned) their de-

meanor peaceful. They are carnivorous, eating other in-

sects in preference to jam and sweet food. They are no

trouble at all unless you vigorously disturb their nest or sit

on one by accident. A local farmer told me, “You’re lucky

to have hornets, because if you have hornets you will not

be troubled by wasps.” He was right, but like an idiot I
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then imagined that hornets’ nests might be encouraged and

the queens harvested to serve as an environmentally

friendly way to curb wasps.

Slowly, you see, we had become about as environmen-

tally virtuous as was practical, but realized that it was

probably not enough. Perhaps Sandy and I could rebuild

the watermill and generate electricity; interestingly our

government would now reward us handsomely with a sub-

sidy if we installed a wind turbine, but until recently they

discouraged the private use of water power. We have not

joined the clamor for environmentally friendly energy and

see it is as premature, driven by a flawed ideology and the

greed of manufacturers and developers who sense easy

profits from the subsidies guaranteed by the renewable ob-

ligation. We are glad to take the electricity we need from

the national grid: homemade energy could be yet another

mistake. In our small, densely populated nation the pro-

duction of electricity at large, efficient power stations is a

better option than individual private production. We

strongly support a national program that mainly draws en-

ergy from nuclear reactors, by far the least polluting and

now the most economic and reliable of environmentally

friendly energy sources. We would welcome professionally

constructed nuclear heat at Coombe Mill were it possible

for us to have it.

Sandy and I thought that we were green because we lived

the good life in the country and planted trees. We thought

that sustainable development and renewable  energy
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sounded sensible. As a young man I had thought, like Alan

Bennett, that no intelligent person could be anything but

socialist. Now I had moved sideways, and my color had

changed from red to green—how could anyone intelligent

think otherwise? It was hard to come to terms with the

truth that we greens were urban imperialist infiltrators, in-

vading what was left of the old English countryside and

with the hubris of true disciples working to change it to our

new faith. It dawned on me that we good-lifers were like

the Christian missionaries who were the unknowing fore-

runners of colonial imperialism; like them, we were the

vanguard of the urban civilization that soon would conquer

the countryside and make the country folk like us. The ex-

tent to which I and many of the environmental movement

were wrong was brought home by a short encounter with

my farmer neighbor, Billy Daniel, on a walk near Coombe

Mill. In a friendly way he said, “You know you will soon

be broke?”

“Why ever do you think that?” I asked.

“No one around here ever made money by planting

trees,” said Billy.

He was right. My green good intentions were uneco-

nomic—at least they were then. Ten years or so later the

European Community decided to subsidize environmen-

tally friendly behavior, and growing trees became margin-

ally profitable. The Daniels and the other farming families

of West Devon were living in fairly stable natural equilib-

rium as a part of an ecosystem. They had long ago avoided
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the tragedy of the commons by using hedgerows to estab-

lish clear and legal boundaries for their land. Otherwise

they were pastoralists, keeping sheep and cattle on the rich

grassland.

In the days before Rachel Carson exploded her green

bomb, being environmentally friendly was a joyous thing—

it was to celebrate the beauty and seemliness of the natural

world, and this feeling was surely why many joined or sup-

ported environmental movements. Pollution and smog

were things that happened to the urban air and made life

miserable for those who lived in Los Angeles or London

and many other cities. The natural world existed outside

the cities and seemed unspoilt and untouched; in no way

did we realize that the ever-growing numbers of humans

were inadvertently beginning to destroy their world. Then

in the 1960s Rachel Carson showed us that the products of

our industries—pesticides that farmers used—were mas-

sively killing birds in the countryside. Silent Spring marked

a watershed that separated the old innocent world of natu-

ralists and poets with a sense of wonder at the beauty of

the Earth from a new world of ignorant but streetwise ur-

ban-dwellers with a sentimental view of nature. I would be

glad to know if anyone used the word “green” in the older

naturalist sense before it became a word denoting such an-

thropocentric environmentalism. Before she wrote her

book, did Carson think of herself as “green”? In the 1970s

we ceased to be illuminated by the qualities of the natural

world and began to see and hear nature through televisual
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images; often what we saw was filtered or distorted by the

thoughts of the presenter. Sometimes we were lucky and

saw the real world of nature through the eyes of a talented

naturalist TV presenter, but too often it was a politicized

account of pollution from industry. Those who were envi-

ronmentally friendly this way had feelings of guilt and re-

gret; increasing knowledge that once brought wisdom, joy,

and understanding now confirmed that our carbon foot-

prints were blacker than sin.

From childhood on I have thought of myself as someone

who wanted to live naturally and respect wildlife and

wilderness. This made me spend much of my free time in

the English countryside, and I grew to love it. It was not

just the shock of Silent Spring that woke me from naïveté.

The 1960s were the time when mechanization and

agribusiness depleted the countryside of wildlife. Farmers

have always regarded as undesirable living things that are

not livestock, crops, hired help, and kinfolk; industry now

provided the biocides. Only in the remoter parts of Britain

does anything resembling the older countryside remain.

For most the delights of urban living began to fill their

minds and hasten their departure from nature. Now, in the

twenty-first century, the human world of the city domi-

nates and the countryside is merely there as one of its ser-

vices, to be used as its life-support system: a place for

agribusiness farms, sewage disposal plants, reservoirs, and

now vast alternative energy sites to keep the city illumi-

nated in what seems the perfect green way. What is left of

THE VANISHING FACE OF GAIA

220

0465015498-3.QXP:Perseus: 5.5 x 8.25  1/29/09  11:59 AM  Page 220



the countryside is fast becoming a set of theme parks with

easy access to motorways.

Despite this, I am still environmentally friendly in that

early twentieth-century sense, with views molded by that

older benign philosophy. I know that I am wholly outdated,

but I acknowledge that I was partly responsible, uncon-

sciously and unintentionally, for the change from a simple,

environmentally friendly celebration of delight to narrow

restrictive faith. When we claim Rachel Carson as the

founder of the environmental movement, we forget that

like the old school naturalists she had an innocent love of

the wilderness and countryside that her several other books

reveal, especially The Sea Around Us. What caused the

emergence of a militant environmental ideology was the

transforming of her warning that our industries threatened

wildlife to the message that our industries threatened us as

individuals. This is what turned being environmentally

friendly from possessing a sense of wonder with concern

for the natural world into a partisan and contentious politi-

cal cause, which at best was no more than a partial expres-

sion of the humanism of Christianity or Socialism, and at

worst an anarchic extremism. My part in bringing about

this change was to enable scientists who used my invention,

the ECD, to bring the evidence that unequivocally con-

firmed the truth of her claim: Pesticides and similar poison-

ous chemicals were everywhere in the world. Later it found

that CFCs were accumulating in the air and threatened the

integrity of our ozone shield.
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Environmentally friendly philosophy has evolved in a

complex way. It is still quite diverse and fails to speak with

a singlular, clear voice. The divisions between town and

country and wilderness in fact go back at least two thou-

sand years: Socrates remarked that nothing interesting hap-

pens outside the city walls. Generations of natural

philosophers, including Ruskin, Thoreau, and John Stuart

Mill and the poets, Blake, Longfellow, and Wordsworth,

have cursed the consequences of the Industrial Revolution.

The early environmentalist lobbies, the World Wildlife

Fund, Friends of the Earth, and the Sierra Club, were all

mainly concerned with wildlife and the loss of countryside

or wilderness, and it was not until the 1960s that advances

in science made us aware that pesticides and other poisons

had spread as far as the penguins of Antarctica, and in fact

were in the bodies of everyone in the world. The perceived

threat was no longer merely to wildlife; it was now be-

lieved to be a real and serious threat to people. It was not

long before there was another fusion, between left and en-

vironmental philosophies. The industrial poisons were said

to be the products of industries that cared only for profit.

The left were then able to say that we were all the victims

of those old enemies of Marxism, the capitalists—and now

they were not merely exploiting us, they were poisoning us

as well. Environmentally friendly intentions were even

more distorted when they were combined with those of

highly respected anti-nuclear weapons organizations. Al-

most everyone agrees that war using nuclear weapons is
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bad, and this fusion of pacifist and environmentally friendly

thinking was also behind the formation of Greenpeace.

There were good reasons to object to the mad excess of

testing ever-larger nuclear weapons, for by 1963 the world

had become well and truly contaminated with radioactiv-

ity as a consequence.

I was never an enthusiastic supporter of any of these

movements because as a working scientist I knew that the

sensitivity of the instruments we used to detect chemicals

and radiation was so exquisite that traces of them a thou-

sand or even a million times less than a harmful quantity

were easily detectable. There was in fact hardly any signifi-

cant contamination with poisons anywhere, except at the

bomb test sites or on the farms where pesticides were

spread. In Carson’s time wildlife, especially birds, suffered

greatly from the excesses of agribusiness, not only from

pesticide poisoning but also from the removal of hedgerow

nesting sites and other massive changes in farming practice

that seriously affected their habitats. The environmentally

friendly movement was concerned with what happened to

people who consumed the farmer’s food and only margin-

ally with the natural world.

An unfortunate but inevitable amplifier of the fear of

toxic and cancer-causing substances was the way that sci-

entific research was funded in the second half of the twen-

tieth century. Young or ambitious researchers knew that

their advancement depended upon the publication of pa-

pers that were frequently cited by other scientists and
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which were interesting enough to titillate the media’s ap-

petite for a story. A rich and never-failing seam of pure

gold was the discovery that some chemical in common use,

such as in a kitchen cleaner, was toxic to an animal species.

Then finding this chemical anywhere in the human food

chain was enough to start a media scare story, with televi-

sion and radio interviews and column feet of newsprint.

That the amount found in the food chain was often a mil-

lion times less than a dose that would be poisonous to hu-

mans was ignored. There are many different chemicals in

every house and so these stories grew; before long they

gave employment to lawyers and legislators and became a

self-sustaining industry. The inspired storyteller Michael

Crichton in A State of Fear describes this conjunction of

vested interests that linked academic scientists, the media,

the environmental lobbies, and the legal establishment. In

his fiction it is a conspiracy, but in real life the attraction

between the parties involved is enough to make conspiracy

unnecessary. We must never forget that conjunctions of

this kind can do great harm. The unwise and intemperate

ban on the use of DDT as an insecticide because of rumors

that it might be a human carcinogen is a clear example.

DDT sensibly used was so huge a deterrent to the spread

of malaria by mosquitoes in the tropics that the ban has

been estimated by the World Health Organization (WHO)

to have led to the deaths of millions and the disabling of

hundreds of millions. Since 2006 the WHO has been ac-

tively supporting the use of DDT in combating malaria.
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As I have said, in the latter part of the twentieth century

the environmental movement was largely on the political

left. Then a slow recognition that capitalism seemed to

work better than most forms of socialism, hastened by the

collapse of Soviet communism in Russia and Europe,

moved environmental thinking on to a liberal humanist

high ground that saw the threat to the Earth mostly in

terms of the immediate consequences for the welfare of

people. There was still no realization that ultimately harm

to the Earth system, Gaia, was more serious than harm to

humanity. Slowly it dawns that the Earth may be more

powerful than we are and now threatens us, and at last we

hear the cry, “We must save the planet!” There is I think a

long way still to go.

Nigel Lawson suggests that the present-day environmen-

tal movement is a new religion. To some extent I agree

with him, as one who was once an old-style green: I am

dismayed by the iconic significance of a giant wind turbine

on a green hill. It seems to mock the Cross. You see this

new icon in full-page advertisements for the energy compa-

nies, especially those companies that sell energy from fossil

fuel. It sanctifies their hypocrisy and their intention to con-

tinue with business as usual; they know that wind energy,

because of its inefficiency, is no threat to their main line of

business.

In the 1960s I lived for a few years in Houston, Texas,

and worked on the new and exciting challenges of space

flight. But in my daily life I could not help noticing the all-
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pervasive and essentially benign ethic of Southern Baptists.

Prominent among their beliefs was the harmfulness of al-

cohol; unlike in Europe, or even New England, the law in

Texas then forbade the harmless pleasure of a glass of wine

served in a restaurant with a meal. But amazingly, the law

allowed the purchase of a bottle of wine from a nearby

liquor store, which could then be taken to the restaurant to

drink with the meal. The liquor industry and the Church

had converged on this convenient consensus that allowed

the one to profit and the other to stay on its moral high

ground. So it is with the convergence of interest between

environmentally friendly politics and the energy industry:

By spin and small gestures the greens can keep the high

meadows, and industry prospers. Just as the Houston Bap-

tists failed to save us sinners from the demon drink, so the

greens are failing to “save the planet.”

The concept of Gaia or of the world of nature has never

appealed to town dwellers, except as entertainment. We

lost contact with the Earth when our food and sustenance

was no longer immediately and obviously dependent on

the weather. Our fish, meat, fruit, and vegetables now

come from the supermarket, and only a rare flood or heavy

snowstorm impedes a Walmart harvest. When the weather

is cold or hot the thermostat takes care to keep our inter-

nal environment comfortable. Howling wind and lashing

rain against our stormproof windows can enhance our

sense of cozy comfort and not, as they once did, bring fear

of a crop lost as the grain was driven into the muddy fields.
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Much too slowly, some begin to understand that the

welfare of Gaia is more important than the welfare of hu-

mankind. The science of Gaia confirms the threat to the

Earth but allows us to continue the older naturalism where

normally the Earth is benign but like ancient Goddesses

sometimes ruthless, and only humans are sentimental. To

be truly environmentally friendly we have to rid ourselves

of the illusion that we are separate from Gaia in any way.

We are as much a part of her as anything alive, and we

should feel tied, as in a good and loving marriage, until

death us do part.

TO BE OR NOT TO BE GREEN

227

0465015498-3.QXP:Perseus: 5.5 x 8.25  1/29/09  11:59 AM  Page 227



0465015498-3.QXP:Perseus: 5.5 x 8.25  1/29/09  11:59 AM  Page 228

This page intentionally left blank 



9 

To the Next World

Were he alive today, the American writer Horace Greeley

would be exhorting the lively and ambitious to “Go

North, young man.” All the inhabitants of the Americas,

including the Indians and Inuits (but not the slaves, who

were brought there against their will), are descendants of

those who had the courage, fortitude, and will to risk the

long and hazardous journey to what was then the New

World.

Soon people will be migrating again, but this time be-

cause their comfort, even their life, is threatened by devas-

tating climate change. We are a wandering species and

since our origin in Africa a million or so years ago we

have spread across the Earth and even to the Moon. In ad-

dition to a natural wanderlust we have been driven to

move by seven devastating climate change events as the

Earth passed through glacial and interglacial episodes dur-
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ing the past million years. During the last of these, a mere

twelve thousand years ago, the sea rose one hundred me-

ters, enough to inundate a land area as large as the conti-

nent of Africa, and the global mean temperature rose

about 9 ºF. William Ruddiman in his books and papers

has suggested that the use of fire for forest clearance by

early humans may have affected the climate in the distant

past. His ideas are plausible and I cannot help wondering

if fire-drive hunting in Australia, North America, and per-

haps East Asia also helped trigger the jump from glacial

cold to interglacial warmth. Perhaps the noble savages

were just as culpable a cause of climate change as are to-

day’s suburbanites.

To communities of fishermen living on the coast of

Southeast Asia fourteen thousand years ago, the unstop-

pable rise of the ocean level must have been heartbreaking

when every new settlement was within years faced with

eviction. The wiser ones must have moved to higher

ground, and some of them were our ancestors. As large a

change in our environment is soon due, will be as pitiless,

and eventually, in a few hundred years, lead to a new stable

hot climate. As I mentioned earlier, I base this prediction on

the Earth’s historical record and on models like that illus-

trated in Figure 2.3. When it happens the ocean may have

risen twenty or even thirty meters, if much of West Antarc-

tica, as well as Greenland, melts into the ocean; and almost

everywhere will be five to six degrees hotter than now.

These changes are at least as devastating as was the inter-
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glacial shift and will affect a world that is already hot and

dry. When they do, mass migration is inevitable.

The recognition that we are the agents of planetary

change brings a sense of guilt and gives environmentalism

a religious significance. So far it is no more than a belief

system that has extended the concept of pollution and

ecosystem destruction from the local to the planetary scale.

Maybe it will grow into a faith but it is still nascent and its

dogma not yet properly codified. An environmentalist with

a religious inclination might ask, “Was the discovery and

use of fire our original sin? Were we sinful to continue to

pollute the planet?” For most of us the contrite expression

of “Mea culpa!” in a deep green voice is not appropriate.

We know that we have made appalling mistakes, but we

have cast aside the old idea that we are born evil and now

acknowledge that the whims of our fickle natures were am-

plified by technology, so that like a drunkard driving a

tank we have accidentally trashed our world. Guilt is inap-

propriate; we seek restitution and the restoration of our

lost world, not punishment.

Even if we had time, and we do not, to change our genes

to make us act with love and live lightly on the Earth, it

would not work. We are what we are because natural se-

lection has made us the toughest predator the world has

ever seen. Even small mammals displaced the Tyran-

nosaurus. It is as absurd to expect us to change ourselves

as it would be to expect crocodiles or sharks to become

through some great act of will, vegetarian. We cannot alter
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our natures, and as we shall see the bred-in tribalism and

nationalism we pretend to deplore is the amplifier that

makes us powerful. All that we can do is to try to temper

our strength with decency.

Before we discovered and began to use technology, we

were the prey of numerous other organisms that kept our

numbers in check and so kept Gaia stable by curbing ex-

cessive multiplication by any species. But when our ances-

tors started using fire to cook, they denied a contingent of

micro-predators, from viruses to worms, their natural

prey. Soon we discovered that the fire kept burning all

night scared away the lions and tigers, and finally we be-

gan to burn down forests for easy hunting or to clear the

ground for farming. Those events hundreds of thousands

of years ago mark the time when we broke the rules of

Gaia and our numbers grew out of control. We have con-

tinued to break them ever since.

When we are first infected by fatal disease organisms,

they grow in our bodies without our noticing. We call this

the incubation period, and it can be as long a several

weeks. Then at some stage in their growth, or in our bod-

ily reaction to it, we feel unwell, with fever and pain. Soon,

a matter of hours with the most virulent influenza, home-

ostasis starts to fail and we collapse and die. This is when

physicians speak of massive organ failure. In the whole

course of fatal disease there is no tipping point but instead

a downslide that starts imperceptibly and then grows ever

steeper until we fall.
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We became the Earth’s infection a long and uncertain

time ago when we first used fire and tools purposefully. But

it was not until about two hundred years ago that the long

incubation period ended and the Industrial Revolution be-

gan; then the infection of the Earth became irreversible.

Ironically this was the time when Malthus first warned of

the danger, and James Hutton and Erasmus Darwin first

glimpsed the nature of a living Earth.

The disease that afflicts the Earth is not just climate

change—manifest by drought, heat, and an ever-rising sea.

Added to this there is the changing chemistry of the air and

the oceans, and the way the sea grows acidic. Then there is

the shortage of food for all consumers of the animal king-

dom. As important is the loss of that vital biodiversity that

enables the working of an ecosystem. All these affect the

working of the Earth’s operating system and are the conse-

quences of too many people. Individuals occasionally suf-

fer a disease called polycythaemia, an overpopulation of

red blood cells. By analogy, Gaia’s illness could be called

polyanthroponemia, where humans overpopulate until

they do more harm than good.

There may be nothing we can do to stop the adverse

changes now in progress; we cannot reduce our numbers

fast enough and there is only a small chance that, using the

remedies of Chapter 5, we could reverse climate change.

We can talk of carbon footprints, of renewable energy, and

of sustainable development; we can try to save energy and

hold grand conferences around the world, but are these,
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however well meant, any more than the posturing of tribal

animals bravely wielding symbols against the menace of an

ineluctable force they do not understand?

Despite this pessimism we are fortunate to live on a

planet that keeps itself habitable: the hot state to which

Gaia may retreat is uncomfortable but not lethal. We are

like the sorcerer’s apprentice, unable to undo the industrial

spell we cast; yet in time, exposed to the fierce selection

pressures soon to come, we, as a species, may grow up and

become capable. Our own history through the repeated

trauma of the glaciations, and that of the Earth, makes it

clear that life has been hard. The impact of 10-kilometer-

diameter rocks traveling at twenty times the speed of

sound is devastating enough, but worse than these were

the vast volcanic eruptions that covered a sizeable part of a

continent with molten lava. One of these perhaps led to

the great extinction that eliminated most life throughout

the long Permian period of geological history. If these

physical hazards were not enough there have been other,

earlier disasters attributable to the unexpected and at the

time unwelcome overgrowth of simple organisms. In

Chapter 3 I described how the appearance of oxygen as a

dominant gas was a consequence of the evolutionary suc-

cess of the first photosynthesizers, the cyanobacteria; al-

though ultimately of real benefit, oxygen was at the time

the cause of extensive glaciation as the greenhouse gas

methane was chemically removed from the air, and it was

also toxic to many early life forms. Oxygen on the early
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Earth was a pollutant, and its copious production using

the “green” energy of sunlight was not much different

from our own pollution with carbon dioxide from burning

fossil fuel; indeed it was the photosynthesizers’ oxygen

that made combustion possible.

There were almost certainly other hazardous encounters

that we have not yet discovered. After every one of these

catastrophes Gaia recovered, taking her own time—some-

times as long as millions of years. During these periods of

convalescence there was always somewhere on Earth a

refuge for living organisms, a place where the climate and

the chemistry still favored life. And so it surely will be

when polyanthroponemia resolves. The survivors of the

current crisis will find their new home in oases and places

still cool and moist enough for life. Gaia may take hun-

dreds of thousands of years before she becomes again the

lush planet we once knew.

So how and why does it happen this way? The uni-

verse—or at least the universe we live in—seems run by a

most inflexible set of rules and we, as curious animals,

have tried to list them and use them to explain ourselves,

life, the world, and all the things we do or make. We are

like one who starts to fill in the blank squares of a cross-

word puzzle: we are delighted to find the answer to a

simple clue, and then set back to find it inconsistent with

another word that runs down across it. Proud scientists

seem to think that soon they will solve the puzzle and

know the rules that run the universe with their theory of
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everything. The most inflexible of these rules so far discov-

ered is what scientists call the second law of thermodynam-

ics. Indeed I find it odd that this is not the first of their

laws. This second rule simply does not allow anyone or

anything to grow younger or, as they would say, allow wa-

ter to run uphill by itself.

Perhaps the selfish genes that William Hamilton and

Richard Dawkins described, and that are common to all

living things, should have been called willful because they

are forever trying to break this rule. Especially, they would

like to live forever and they have no pity for the life that

carries them, only an insistent urge to reproduce. Critics of

these neo-Darwinist biologists have called them judgmen-

tal by qualifying as selfish so fundamental an entity as a

gene. I think that these critics are wrong. Although

metaphorical, the word “selfish” conveys the desire to re-

produce which imbues all life. There is no moral impera-

tive that condemns as bad the gene that instructs a living

cell to produce, deadly poisons like aflatoxin to defeat its

rivals, nor was there any moral objection to the use of fire

or later to the invention of weapons of mass destruction.

The rules simply say that if anything is possible without

breaking the second law then, however unlikely, it can

happen. Once it does the chances of repetition increase:

disinvention is unlikely.

Our inflexible universe is unlikely to be an imposition or

limitation to our freedom set by some imaginary intelligent

designer; these powerful constraints limit the dynamic will-
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fulness of genes and make it possible for all life, including

our living planet, Gaia, to have a stable existence, one that

Gaia has enjoyed for more than a quarter the age of the

universe. Utter chaos, in its full physical sense, not free-

dom, is the consequence of a universe without rules. Some

scientists think that there was natural selection among uni-

verses and ours is one that succeeded.

Although incredibly long-lived, Gaia is not exempt from

the decrees of the second law and now is quite old and

soon, in cosmic time, will die. In the days before anti -

biotics and modern medicine pneumonia was called “the

old man’s friend.” It killed off the elderly quickly and

without too much pain. The principle hazard for old

people is perturbation, whether an infection, like influenza,

or an accident, such as a broken hip, whose physiological

consequences overwhelm defense. The same is true of eld-

erly living planets—the fatal events are accidents such as

impacts of large, fast-moving objects from space, or gigan-

tic volcanic outbursts. An example is the impacting,

 mountain-sized rock that struck the Earth 65 million years

ago that is often associated with the demise of the giant

reptiles. Catastrophes like these Gaia could survive when

young, but if repeated a few hundred million years from

now they could be lethal.

The proximate cause of Gaia’s ageing is the ineluctable

increase in heat from the sun. Our star, like all stars, burns

hotter as it ages, and in 500 million years the radiant heat

from the sun will be about 6 percent greater than now. The

TO THE NEXT WORLD

237

0465015498-3.QXP:Perseus: 5.5 x 8.25  1/29/09  11:59 AM  Page 237



heat received by the Earth from the sun will have increased

from 1.35 to 1.43 kilowatts per square meter; an increase

of 81 watts per square meter—no more than the illumina-

tion of a single modest light bulb; barely enough to light a

room. Not much, you might think, but compare it with the

extra heat now coming from all the greenhouse gases we

have added to the air; this adds about 1.5 watts of heat to

every square meter, a mere one-sixtieth the heat load fac-

ing Gaia in 500 million years time. The sun itself will con-

tinue to grow more luminous for another 5 billion years

before it burns out in a blaze of radiant energy, leaving a

planet-sized dense piece of ash; a white dwarf star. Over

the next billion years radiant heat will rise slowly and

could give ample time for adaptation and further evolu-

tion. Already we have a new photosynthetic process due to

the evolution of a new class of plants, which biochemists

call C4, able to live at much lower carbon dioxide abun-

dances. In 1982 Michael Whitfield and I calculated that

this evolutionary step might enable the contemporary bios-

phere to continue for another 100 million years. Beyond

that, further genetic changes would surely extend the lease

of life, but given the fundamental limitations of main-

stream biology and the inevitability of perturbations, it is

difficult to see life extending beyond 500 million years.

Perhaps I am too pessimistic, and long before this time has

passed some bright intelligence may evolve within Gaia

able to keep her alive well beyond that age.
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There are organisms called extremophiles that thrive in

utterly hostile environments such as boiling water, strong

acid, or the saturated brine of salt lakes. Optimists among

biologists seem to think that a self-regulating Earth system

could be based on these organisms when the Earth grows

hot. I think that they are wrong because the extremophiles

are organisms that have evolved to fill a niche but depend

entirely on Gaia to maintain the environment and supply

their needs. To expect them to run the planet is somewhat

like expecting the proprietors of casinos to run the econ-

omy when all other industry has gone. In the same way

Gaia can never be based on sparse life. Unless the turnover

of chemicals by organisms is as large as or larger than that

of a lifeless planet the self-regulation characteristic of Gaia

cannot take place.

If we think of Gaia as an old lady still quite vigorous but

nowhere near as strong as the young planet that carried our

microbial ancestors, it should make us realize more seri-

ously the danger that we are to her continued healthy exis-

tence. Our natural misfortune was identified by the great

biologist E. O. Wilson. Allegorically, he wrote about that

familiar godlike figure, the super-intelligent alien from an-

other galaxy, who was like Wilson himself a naturalist. This

alien had been observing life on Earth from one of Jupiter’s

moons. As he prepared to leave on his long journey home

he said to a companion, “How unfortunate that the Earth’s

first intelligent social animal is a tribal carnivore.”
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Nothing that I have read in a long life better explains

our agonizing condition—we have the intelligence to begin

to expand our minds to understand life, the universe and

ourselves; we can communicate and exchange our deep

thoughts and keep them outside our minds as a permanent

record. We have all this but are quite unable to live with

one another or with our living planet. Our inherited urge

to be fruitful and multiply and to ensure that our own tribe

rules the Earth thwarts our best intentions.

Intelligence is no gift from God or the gods; it has

evolved by Darwin’s rules of selection as the ultimate

weapon that lets us rule the world and secure a safe place

to raise our children. The Earth is filled with predators,

large ones such as polar bears and crocodiles, small ones

such as insects or arthropods, and those smaller still such

as microbes. To survive the large predators we could have

evolved the capacity to run fast like an antelope, or have

an unappetizing skin like a porcupine or a turtle, or we

could have fought like a bull. Instead we invested all in

brains and, as members of the tribe, evolved to become

clever enough to outsmart them all.

Individual intelligence alone is not enough, and our

amazing achievements come from the additional ability of

our brains to communicate and persuade, so that the

thoughts of one or a few can persuade the many to lose

their identities and act coherently as if they were a single

individual. This powerful amplification of the expressed

intentions of a tribal leader can always prevail against an
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incoherent foe or the natural world. This synchronization

of will we share with social insects and termites as well as

with flocks of birds and fish, and it empowers us far be-

yond the possibilities of a single isolated intelligence, even

one much more able than we are. This may be why some

whale species with brains and neuron-counts far greater

than ours have never reached the dominance of humans.

This massive amplification of thought and its conversion

to action resembles the mechanism of a laser. In this, atoms

or molecules, normally bouncing aimlessly around, are

lifted to a higher and singular state from which, given the

appropriate signal, they can discharge their accumulated

energy in a directed beam. Think of how a mob made of

otherwise inoffensive people will when lifted by an orator

act coherently as if they were a single animal. Almost all of

our achievements come from single acts of genius or lead-

ership amplified coherently by the many. This applies not

only to great or appalling acts, but also to the numerous,

mundane things that keep society running: the water and

electricity services, and road systems.

We are deeply impressed by the power of our weapons,

yet they are puny compared with the most powerful

weapon of all: creative intelligence. Consider how many of

the great and powerful empires have been brought down

by ideas alone. Civilizations destroy themselves with ide-

ologies that, like computer viruses, disable their operating

systems. Gibbon looked on Christianity as a virus that dis-

abled the mighty Roman Empire. Could Marxism have
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 enfeebled great states in the twentieth century and caused

the death of tens of millions? Now we have the urban envi-

ronmentally friendly ideology, perhaps the most deadly of

them all.

E. O. Wilson’s alien naturalist must have known that we

would be intelligent enough to compose music fit for the

heavens and art to match it; create time-proof verse and

drama; and be able to see the limits of the universe and

start to deconvolute the message of DNA. But did he know

that our greatest discoveries could dissolve the civilization

that enabled them? Think of internal combustion and how

in its many forms it has brought us to our present fix. I

wonder if he could have realized that we could evolve into

truly social animals, building and living in our city nests

and slowly severing contact with Gaia; ultimately in dan-

ger of becoming the real and predatory aliens on what had

been the planet of our birth.

However irrational it may seem to scientists, we have in

all of us a hunger for an ideology or a religion to provide a

sense of purpose and wonder when things are good, and

reassurance when things are bad. Belief systems provide a

program, which relieves the necessity of thought at times

such as the imminent danger of death, when thought is

paralyzed. Not surprising then that now the dangers of

global heating have entered public awareness, environmen-

talism shows signs of becoming a faith complete with

dogma, icons, and simple answers to all environmental

problems.
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I am aware that by bringing in religion I write through a

minefield, but I have to do it because the way we think

about the Earth is strongly influenced by childhood condi-

tioning and this affects the way we do our science. Euro-

peans are more secular than Americans but still strongly

influenced by whatever branch of the Christian religion in-

fluenced their childhood thoughts. We share a common hu-

manism but differ considerably about our attitudes to the

rest of life and to the Earth. I am specifically talking about

the different effects of Catholic and Protestant thinking.

As a child my religious education was from the Society

of Friends, and as a student I became a Friend and re-

mained one until about 1947, when the agnosticism of sci-

ence captured me for good. As a student I was also a

member of the university’s Roman Catholic Society and

benefited greatly from the warmth of their friendship and

the rigor of their debates on moral theology. I do not think

that I was then or now in any way a bigot.

What makes me raise religion is the looming crisis of the

Earth, and how near the end of Gaia’s most recent inter-

glacial administration is; one that has lasted only fourteen

thousand years. This crisis is the consequence of putting

human rights before human obligations to the Earth and

all the other life forms we share it with. Protestant philoso-

phy has its bad side, but it redeems itself by providing an

environment in science for natural philosophy and for

holism, whereas the gifts of Catholicism are humanism

and Cartesian reductionism. Both approaches are equally
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needed in science, but as impressionable individuals we

cannot help being shaped by the teaching of the formative

years of childhood so that we tend to favor one and ex-

clude the other.

Perhaps the clearest and most damning example of the

harm caused by this separation comes from the distin-

guished French biologist Jacques Monod, who wrote in his

book Chance and Necessity,

Certain schools of thought (all more or less con-

sciously or confusedly influenced by Hegel) challenge

the value of the analytical approach to systems as

complex as living beings. According to these holist

schools which, phoenix-like, are reborn in every gen-

eration, the analytical attitude (reductionist) is

doomed to fail in its attempts to reduce the proper-

ties of a very complex organization to the “sum” of

the properties of its parts. It is a very stupid and mis-

guided quarrel which merely testifies to the holists’

total lack of understanding of scientific method and

the crucial role analysis plays in it. How far could a

Martian engineer get if, trying to understand an

Earthly computer, he refused on principle to dissect

the machine’s basic electronic components which ex-

ecute the operation of propositional algebra?

Maybe these strong words are now less strongly held,

but they serve to express what was and still is an impor-
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tant scientific constituency. It needed a powerfully Carte-

sian worldview to have come up with so wrong a first ap-

proach to a computer. As any engineer could have

explained, dissection—the taking to bits—is the last means

of inquiry of a working system. First you interrogate it

through its keyboard or by any non-invasive means. If this

does not convince you of the limitation of reductionist

thinking, imagine that the Martian engineer was an intelli-

gent computer and that it was about to dissect your brain

to find out how you did algebra.

Perhaps the gravest error of monotheist religion, includ-

ing Islam, is to believe that humans are made in God’s im-

age. The implication is that we cannot through natural

selection improve. To think of us as the perfect model of

sentient life is as absurd as to imagine that the first green

photosynthesizers to emerge 3.5 billion years ago were

also perfect. By evolving and changing they made possible

everything that has happened since; if they had stayed as

they were there would never have been trees or flowers or

animals and ourselves. Nothing in the universe can be per-

fect, and humans have so far to go to approach perfection

that surely the future is full of promise.

The Catholic monk Mendel taught us genetics, and the

Anglican scientist Charles Darwin, natural selection, and

we may see both of their ideas in rapid action as this cen-

tury unfolds and the Earth moves towards its next state.

Let’s hope that selection chooses from among us those bet-

ter able to live with Gaia as well as with each other. Are we
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yet intelligent enough to be a social animal capable of liv-

ing stably with Gaia and with ourselves now and on the

changed Earth that soon will come? As I see it, our hope

lies in the chance that we might evolve into a species that

can regulate itself and be a beneficial part of Gaia. I won-

der if in the great gene pool of all humanity there are the

genes that could be selected to meet this goal.

But for now we are what our genes make us, and are not

much different from our tribal ancestors who wandered

across the continents, often massively destroying wildlife

and forests as they went. The most important thing to ac-

cept is that there is no going back. If today everyone every-

where softly and silently vanished away it would take at

least another one hundred thousand years before the Earth

returned to a semblance of the world that was there before

we discovered the use of fire. We have to understand fully

that we are still aggressive tribal animals that will fight for

land and food. Under pressure, any group of us can be as

brutal as any of those we deplore: genocide by tribal mobs

is as natural as breathing, however good and kind the indi-

vidual members of the mob may be.

For too long we have seen the Earth as an infinite re-

source, or at least an ample resource until technology finds

us an equally useful replacement. We are beginning to

glimpse the possibility that it may be finite and soon

empty, but still we try to make sure that we at least get

what we need from the dwindling remainder. In fact, the

Earth is neither finite nor infinite but instead always tries

THE VANISHING FACE OF GAIA

246

0465015498-3.QXP:Perseus: 5.5 x 8.25  1/29/09  11:59 AM  Page 246



to replace itself, as did the forest in which lived our pre-fire

ancestors. The forest supplied them with food and raw ma-

terials, but they had to pay by living in and with it. For us

now, Gaia is like the forest. If we think in these terms we

see that fossil fuel is renewable energy. Our error is to take

more than the Earth renews.

Among the first intelligent humans who enlarged their

lives with fires there may have been those who realized

that the forests were finite and said so. I suspect the re-

sponse was, “Nonsense, they will last more than ten thou-

sand years”—and they did. In the same way, how many

now are bothered about what might happen in one hun-

dred years?

We are strong and adaptable animals and can certainly

make a new life on the hotter Earth, but there will be only

a fraction of inhabitable land left compared with that

available in 1800. If we follow a pure deep green path and

go back to a pre-fire existence, very few will survive, and if

at any time in the new world we recommence carbon-fuel

gathering and usage we would be in danger of destroying

ourselves and most of nonmicrobial life. We can use tech-

nology but never so much as to disturb planetary regula-

tion. The resilience of Gaia to perturbation would be

reduced on a hot Earth, and a rebirth of twentieth-century

civilization would then be a major perturbation.

Our first imperative is to survive, but soon we face the

appalling question of whom we can let aboard the

lifeboats? And whom must we reject? There will be no
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ducking this question for before long there will be a great

clamor from climate refugees seeking a safe haven in those

few parts where the climate is tolerable and food is avail-

able. Make no mistake, the lifeboat simile is apt; the same

problem has faced the shipwrecked: a lifeboat will sink or

become impossible to sail if too laden. The old rules I grew

up with were women and children first and the captain

goes down with his ship. We will need a set of rules for cli-

mate oases.

We are not, as the puritans would have it, some wretched

species deep in sin. We could have a great and proud future

as the people from whom some future Adam and Eve may

evolve, progenitors of a species closer to Gaia and which

might serve within her as our brains do in each of us. We

would be an important part of what had become in effect

an intelligent planet better able to sustain habitability. So-

cial insects such as bees, hornets, ants, and termites evolved

to form nests—communities far stronger than crowds of in-

dividuals—but in so doing they lost personal freedom and

became subjects of their queens. Perhaps in a similar way

we would lose freedom at the same time that Gaia gained

strength. We cannot now know the chances of this happen-

ing, how long it will take, or what it will be like to be a Ga-

ian subject. The only near certainty is that we will never

evolve this way if we allow ourselves, through inaction or

an improper response, to be made extinct by global heat-

ing. It has been suggested that but for the great extinction

65 million years ago, lizards might now be the dominant
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intelligent species. In a similar way we could be overtaken

by some small animal now present that survives and

evolves to fill the niche we had vacated.

Are we clever enough to know whom to select? Do we re-

alize that on the hot Earth Gaia’s metabolic needs can be

met with a mere million or so humans, enough for the recy-

cling of life’s constituent elements? Our justification for sur-

viving in greater numbers is that by possessing intelligence

we have the potential to evolve to become as beneficial a

part of Gaia as were the photosynthesizers and the

methanogens; indeed, to make possible an intelligent planet.

I think that we should immediately reject all thoughts of

planned selection. There comes to mind in a flash brave

people who made the perilous journey across the breadth

of Africa, across the Sahara Desert, and then built or ac-

quired boats barely strong enough to carry them across the

fifty miles of ocean to the Canary Islands. They represent

those with the instinct for survival. We exist now because

Gaia did the selecting; perhaps we should leave it to her to

continue.

Let us look ahead to the time when Gaia is a truly sen-

tient planet through the merging with her of our descen-

dants. We could then look back in wonder at the

miraculous evolution of the universe from blazing hot uni-

formity to a cold mass of simple chemicals, already se-

lected by the cosmos to be the spare parts for life. Then

wonder how these chemicals assembled themselves

through a series of improbable steps into transient cycles

TO THE NEXT WORLD
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as insubstantial as a house of cards and how the selection

and concatenation of these simpler systems led to the emer-

gence of the first living cell. We could wonder why it took

so long, nearly 3 billion years, before the cells began to em-

power themselves as assemblies that were the ancestors of

animals and plants. As a planetary intelligence we have al-

ready shown Gaia her face from space and let her see how

truly beautiful she is compared with her dead siblings

Mars and Venus. We could have a future in communion

with our living planet to make her strong again and able to

counter the disabling impacts that are due.

Thinking this way, how could anyone be a pessimist and

imagine that the global heating crisis is the end for us or

even Gaia? We will probably both survive and from our

descendants could evolve the wiser species that could live

even closer in Gaia and perhaps make her the first citizen

of our galaxy.

Sometime later in this century the survivors may reach a

small harbor and dismount from their camels. Moored

there they may see a small wooden ship scratching its side

as it moves with the ocean’s gentle swell against the rough

harbor wall. A steady, cooler breeze promises a fair start

for the next hazardous part of the journey northwards.

The captain says nothing as the survivors board his vessel,

but he knows that the near-unbearable rigor of the desert

has selected them, the strong in mind and body, whose fit-

ness pays the price of the voyage.
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ALBEDO. This is a measure used by astronomers of the
amount of sunlight reflected by a planetary surface. Albedos
range from 1 for complete reflection to 0 for complete ab-
sorption. The average for the Earth’s albedo is 0.33, but
clouds and ice can approach 1.0, and the ocean is less than
0.2. Global heating reduces ice, snow, and some cloud cover,
which leads to lower planetary albedo, a greater absorption
of sunlight and even more global heating. The heat absorbed
from sunlight, is linked to the albedo, but that does not auto-
matically make a dark forest warmer than the light-colored
desert nearby. Most vegetation has a lower albedo than the
planetary average but keeps cool by evaporating water from
its leaves.

ALGAE. Algae are photosynthetic organisms that use sun-
light to make organic matter and oxygen. The ocean plants
are almost all algae, some are single cells, and others, like
kelp, can exist as huge assemblies of cells as long as sixty
meters. The first algae on Earth appeared soon after life
started over three billion years ago. Their form was bacter-
ial and these microscopic organisms are still abundant: they
are found either as free-living organisms or, importantly, as
inclusions called chloroplasts within the more complex cells
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of plants. Algae are unusually influential in the Earth’s cli-
mate: they remove carbon dioxide from the air and are the
source of the gas dimethyl sulphide (DMS), which oxidizes
in the air to become the tiny nuclei that seed the droplets of
clouds. Fossilized algae are the source of petroleum. Their
growth in the surface waters of the sea is sensitively depen-
dent upon its temperature and if this is above 18 to 21 ºF
the physical properties of the ocean prevent the algae from
receiving nutrients, and they do not flourish. Algal farms
may provide a future source of food and fuel.

BIOSPHERE. The Swiss geographer Edward Suess coined the
word biosphere in 1875 for the geographical region of the
Earth where life is found. In this sense it is a precise and use-
ful term and similar to “atmosphere” and “hydrosphere,”
which respectively define where air and water are on Earth. In
the second part of the twentieth century the Russian mineral-
ogist V. Vernadsky expanded the definition of biosphere to in-
clude the concept that life was an active participant in
geological evolution, encapsulating this notion in the phrase,
“Life is a geological force.” Vernadsky was following a tradi-
tion set by Darwin, Huxley, Lotka, Redfield, and many oth-
ers, but unlike them his ideas were mostly anecdotal.
Biosphere is now mainly used, in Vernadsky’s sense, as an im-
precise word that acknowledges the power of life on Earth
without surrendering human sovereignty.

CHAOS THEORY. Certainty and confidence in science
marked its development in the nineteenth and much of the
twentieth centuries, but now it carries on unaware that the
determinism that had so long enlivened it is dead. The recog-
nition that science was provisional and could never be cer-
tain was always there in the minds of good scientists. The
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nineteenth-century application of statistics, first in com-
merce, then in science, made probabilistic thinking more in-
telligible than faith-based certainties. It took the discovery of
the utter incomprehensibility of quantum phenomena to
force the acceptance of a statistical more than a deterministic
world; this was later consummated by the discoveries that
came from the availability of affordable computers. These
have enabled scientists to explore the world of dynamics—
the mathematics of moving, flowing, and living systems. The
insights from the numerical analysis of fluid dynamics by Ed-
ward Lorenz and of population biology by Robert May re-
vealed what is called “deterministic chaos.” Systems like the
weather, the motion of more than two astronomical bodies
linked by gravitation, or more than two species in competi-
tion, are exceedingly sensitive to the initial conditions of
their origin, and they evolve in a wholly unpredictable man-
ner. The study of these systems is a rich and colorful new
field of science enlivened by the visual brilliance of the
strange images of fractal geometry. It is important to note
that efficient dynamic mechanical systems, such as the au-
topilot of an aircraft, are essentially free of chaotic behavior,
and the same is true of healthy living organisms. Life can op-
portunistically employ chaos, but it is not a characteristic
part of its normal function.

CONSILIENCE. The most distinguished evolutionary biolo-
gist, E. O. Wilson, when writing on the incompatibility of
 twentieth-century science and religion was mindful of the un-
conscious need in most of us for something transcendental,
something more than could come from cold analysis. He disin-
terred the long-disused but still warm and worthy word, “con-
silience,” and offered it as something to link the thoughts of
reductionist scientists with other intelligent  humans, especially
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those with faith. I think he saw it as the name of a concept
that would allow these two apparently irreconcilable concerns
to evolve, if not together, at least in parallel. His thoughts are
wonderfully well expressed in his book, Consilience.

EARTH SYSTEM SCIENCE. A discipline that has grown
within the Earth science community among those dissatisfied
with traditional geology as an intellectual environment for
explaining the flood of new knowledge about the Earth. In
particular, Earth system scientists dislike the division of Earth
and life sciences into the geosphere and the biosphere, and in-
stead prefer to regard the Earth as a single dynamic entity
within which the material and living parts are tightly coupled.
This concept, together with its conclusion that the Earth self-
regulates its climate and chemistry, was publicly stated in the
Amsterdam Declaration of 2001. Earth system science arose
from Gaia theory but differs from it by refusing to see habit-
ability as the goal for the self-regulation of the Earth’s climate
and chemistry.

ECOSYSTEM SERVICES. This phrase was introduced by the
biologist Paul Ehrlich and his colleagues in 1974 to acknowl-
edge that an ecosystem was more than a place where biolo-
gists could study biodiversity. Ehrlich, like Eugene Odum,
viewed ecosystems as local regulators of climate, water, and
chemical resources. “Ecosystem services” is a valued term
when used in this local sense about an ecosystem such as a
tropical forest, but is less useful when applied globally be-
cause on a planetary scale geophysical and biological forces
are strongly coupled.

GAIA HYPOTHESIS. James Lovelock and Lynn Margulis
postulated in the early 1970s that life on Earth actively keeps
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the surface conditions always favorable for whatever is the
contemporary ensemble of organisms. When introduced, this
hypothesis was contrary to the conventional wisdom that life
adapted to planetary conditions as it and they evolved in their
separate ways. We now know that the hypothesis as origi-
nally stated was wrong because it is not life alone but the
whole Earth system that does the regulating. The hypothesis
evolved into what is now Gaia theory.

GAIA THEORY. A view of the Earth introduced in the 1980s
that sees it as a self-regulating system made up from the totality
of organisms, the surface rocks, the ocean and the atmosphere
tightly coupled as an evolving system. The theory sees this sys-
tem as having a goal—the regulation of surface conditions so
as always to be as favorable for contemporary life as possible.
It is based on observations and theoretical models; it is fruitful
and has made ten successful predictions.

GREENHOUSE EFFECT. Most of the sun’s radiant energy is
in the visible and near infrared. The air, when free of clouds
and dust, is as transparent to this radiation as is the glass of a
greenhouse. Surfaces on the Earth, or within the greenhouse,
are warmed by sunlight and some of this warmth is trans-
ferred to the air in contact with the surfaces. The warm air
stays in the greenhouse mainly because the walls and glass
roof prevent the restless wind from dissipating it. The Earth is
kept warm in a similar but not identical way, by the absorp-
tion of radiant heat emitted from the warm surface by the
gases carbon dioxide, water vapor, and methane. These gases
present in the air, although transparent to light, are partially
opaque to the longer wavelengths emitted by a warm surface.
The greenhouse effect has long kept the surface air warm and,
in the absence of pollution, is benign: without it the Earth

0465015498-4.QXP:Perseus: 5.5 x 8.25  1/29/09  11:59 AM  Page 255



256

GLOSSARY

would be fifty-eight degrees colder and probably incompati-
ble with life.

HYSTERESIS. A forced system can move from one stable
state to another, just as a door when pushed can move from
open to closed. When the same system fails to respond to
forcing in the opposite direction, as when a door is latched, it
is said to be in hysteresis. Many natural and engineered sys-
tems, show hysteresis, as does the climate system of the Earth
and the  control system of your home heating. When the tem-
perature of a room is below the set point of the thermostat the
heat source switches on and heat flows in until the tempera-
ture is a degree or so above the set point, when it switches off.
There is then a cooling period to a degree or so below the set
point and the heat switches on again. This is an example of
hysteresis and the climate system responds in a similar way.
This is why the reduction of the carbon dioxide content of the
air may not be followed immediately by a fall in temperature.

LIFE. Life exists simultaneously but separately in the realms of
physics, chemistry, and biology and consequently has no de-
cent scientific definition. Physicists might define it as something
that exists within bounds, that spontaneously reduces its en-
tropy (disorder) while excreting disorder to the environment.
Chemists would say that it is composed of macromolecules
coming mainly from the elements carbon, nitrogen, oxygen,
hydrogen, and lesser but required proportions of sulphur,
phosphorus, and iron, together with a suite of trace elements
that includes selenium, iodine, cobalt, and others. Biochemists
and physiologists would see life as always existing within cellu-
lar boundaries that hold an aqueous environment with a
tightly regulated composition of ionic species, including the el-
ements sodium, potassium, calcium, magnesium, and chlorine.
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Each of the cells carries a complete specification and instruc-
tion set written as a code on long, linear molecules of deoxyri-
bonucleic acids (DNA). Biologists would define it as a dynamic
state of matter that can replicate itself; the individual compo-
nents will evolve by natural selection. Life can be observed, dis-
sected, and analyzed but it is an emergent phenomenon and
may never be capable of rational explanation.

POSITIVE AND NEGATIVE FEEDBACK. Self-regulating
systems of any kind, from a simple thermostat-controlled
cooker to you yourself, always include something that senses
any departure from the desired or chosen state, a supply of
energy, and the means to apply force that opposes or encour-
ages the deviation. When a car we are driving deviates from
our intended path we sense the deviation and with our arms
apply enough force to the steering wheel to turn the car’s
front wheels back on track: this is negative feedback. If by ac-
cident the steering mechanism was faulty, so that turning the
steering wheel turned the front wheels so as to increase the
deviation, this would be positive feedback. This is often a
recipe for disaster, but positive feedback can be essential to
make a system lively and rapidly responsive. When we talk of
vicious circles, we have positive feedback in mind, and this is
the state the Earth appears to be in now: deviations of the cli-
mate are amplified not suppressed, so that greater heat leads
to even greater heat.

ROCK WEATHERING. Mountains continuously grow on the
surface as the hot, seething, semi-fluid rocks beneath the sur-
face drive the floating plates of rock into collision. On our
timescale mountains are permanent features of the landscape,
but in Gaian terms they are short-lived and worn away by the
weather. Rocks are cracked by frost, abraded by wind-blown
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sand and, most of all, dissolved away by rain. The dissolution
of mountains by rainwater is called by geochemists “chemical
rock weathering.” It happens because the rain contains dis-
solved carbon dioxide that reacts with the rocks to make wa-
ter-soluble calcium bicarbonate. This solution is carried by
streams and rivers to the ocean. This fundamentally impor-
tant sink for carbon dioxide was until about 1980 considered
by Earth scientists to be purely chemical. We now know that
the presence of organisms—from bacteria and algae on the
rock faces to trees growing in the soil—makes a three- to ten-
fold increase in rock weathering and carbon dioxide removal.
It is fundamentally important for keeping the Earth cool and
is part of Gaia’s self-regulation.

SYSTEM. Webster’s New Collegiate Dictionary defines a sys-
tem as “an assemblage of objects united by some form of reg-
ular interaction or interdependence.” Like the solar system,
the nervous system, or the operating system of your com-
puter, this is the sense in which I use the word system in this
book.

GLOSSARY
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