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PREFACE

This is a little book about a big subject. I’d like to share six views of our changing world, its people, its places, its environments. We start in deep space. I’ll pull back from the partial pictures familiar to us as terrestrial bipeds and think about our planet, and its complex systems, as a whole. The second chapter is about the way water shapes our physical world, from the Amazon to Antarctica, from the Maeander to the Ganges, from river to ocean to atmosphere. In the third chapter, I’ll take a trip through our human world, from Mumbai to Beijing, from the inner migrant within our heads to multi-million megacities. After that, I’ll go back in time to explore the origins of our geographical intuition and – by way of Africa, the Arctic and China – our evolution as spatial specialists. In the fifth chapter, I’ll track mapping revolutionaries from the Euphrates to the Nile to the Golden State. Chapter six is being written by us all. The disruption of Earth’s natural systems by Homo sapiens demands a deeper, wider understanding of geography. Our planet is mid-chapter and we are the authors of its destiny.

Nicholas Crane

London, 2018


ONE

The View from L1

From a million miles away our planet is a blue, cloud-whorled sphere set against a matt black void. This revealing self-portrait was composed a few hours ago by a spacecraft at the L1 Lagrange Point, a cosmic sweetspot where the combined gravitational forces of the Sun and its only habitable planet equal the centrifugal force exerted on a satellite. It is known as a ‘neutral gravity point’ and is one of five Lagrange Points that exist in the Sun–Earth force fields. Of these points of equilibrium, L1 is unique because it is the one position that allows satellites to observe both the Sun and a fully illuminated Earth. The 2-metre craft that arrived at L1 in 2015 after a voyage lasting 110 days was NASA’s first operational satellite in deep space.

Among the instruments on board the Deep Space Climate Observatory (DSCOVR) is a four-megapixel camera. Several times a day, the Earth Polychromatic Imaging Camera (EPIC) takes a set of images in ten different wavelengths, which can be combined to create colours that make sense to the human brain. The camera’s remote-controlled iris captures pictures that outshine the original ‘blue-marble’ portraits snapped on a hand-held Hasselblad by the crew of Apollo 17 as they flew to the Moon in 1972. Viewing EPIC’s high-resolution images in the White House, President Obama tweeted that NASA had composed a ‘beautiful reminder that we need to protect the only planet we have’. Here was Earth at its most improbable: a bright orb of life suspended in the infinite, celestial night. For all practical purposes, Earth is a one-off.

We began with a bang as a star exploded and hurled a cloud of hot dust and gas into the Orion Spur of the Milky Way. Out of this galactic inferno whirled the beginnings of a solar system, a yellow dwarf star at the centre of a spinning disc of debris that congregated into asteroids and comets, planets and moons. When we look at the night sky, we see the progeny of gravity. Early Earth was a hot ball that cooled over 50 million years or so into an inner core and mantle of molten material and an outer, cooler crust. Wrapping the planet was a thin film of gases that included hydrogen sulphide, methane and carbon dioxide. From 3.8 billion years ago, water was collecting in cooled depressions on the planet’s crust.* By 3.5 billion years ago, rocks were recording death in the form of stromatolites, fossils formed from sticky mats of bacteria that had accumulated in shallow waters where sunlight allowed them to photosynthesise. By 2 billion years ago, oxygen was among the gases enveloping the planet and new types of microfossils were forming in the crust. Algae and soft-bodied animals followed. The land was colonised. Fishes swam in the seas. Amphibians took to land. Insects and plants appeared, then reptiles.
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Earth from L1, with the Moon



On at least five occasions, life was hammered on a planetary scale. Of these mass extinctions, the most devastating occurred approximately 251 million years ago. The geological traces of this catastrophe have been tracked from Siberia to Canada and Greenland and from Australia to South East Asia. Most revealing of all have been a set of sedimentary beds in South China, at Meishan, where a layer of limestone loaded with fossils is sealed with ash and clay. The Meishan rock sequence has been chosen as the ‘world type section’ (the locality used as the universal standard for a geological boundary) for the base of the Triassic, the geological period that followed the collapse of the Permian. Given its causes, there is understandable interest in this particular extinction. It all happened very quickly. In their Science paper of 2011, Shu-zhong Shen and his colleagues identified layers of charcoal and soot at several locations in South China. Beset by sudden aridity, the world’s rainforests had dried and flared into flame. Unprotected soils were subject to destructive erosion and virulent fungus. Oceans became anoxic. The Permian mass extinction wiped out 96 per cent of the world’s species. The likely cause was a series of volcanic eruptions in Siberia that triggered a sudden release of carbon dioxide and methane, causing a runaway greenhouse effect and extreme global warming. It was the biggest species crash in Earth’s history and it took 20 million years for ecosystems to recover.

More recently, a mass extinction was inflicted by a meteorite in southern Mexico. Around 65 million years ago, a lump of space rock 10 kilometres wide collided with the Yucatán Peninsula, excavating a 150-kilometre crater and flinging a vast column of dust into the upper atmosphere, blocking sunlight, causing temperatures to plummet and preventing plants from photosynthesising. Large reptiles died of starvation or cold. The dinosaurs went, along with huge, fish-like ichthyosaurs, the 17-metre marine mosasaurs, predatory plesiosaurs and winged pterosaurs. Size and dominance were no signifiers of survival. The atmospheric catastrophe at the end of the Cretaceous period rebooted evolution’s operating system and opened ecological voids that would be occupied by the animal-ancestors of Homo sapiens.
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Diversity in the Cretaceous



Fast-forward to East Africa around 3 million years ago and we find ourselves in the spectacular landscapes of the Great Rift Valley. Two of Earth’s tectonic plates are moving apart, creating a massive rent in the crust which has been occupied by a mixture of dense tropical forest and open grassland. Lurking in the shadows of cliff and bough is a smart ape that has adapted to both savannah and forest, that can climb a tree and use its ‘legs’ to balance upright while reaching for high-hanging fruit and also scamper upright across open ground. Australopithecus afarensis also seems to have been making and using tools. The evolution of versatile proto-humans such as A. afarensis was encouraged in part by climate variability and environmental disruption. Around 2.6 million years ago, there was a switch to glaciation in the northern hemisphere and to drier, more arid conditions in the tropics. The fall in temperature marked the onset of a thermal rollercoaster: the Pleistocene epoch. Out at L1, a viewer would have noted reflective white shields waxing and waning at Earth’s axial extremes. It has happened around twenty-two times during the Pleistocene. While alternate episodes of extreme glaciation and relatively balmy interglacials became the cyclic pattern in the northern hemisphere, conditions in East Africa grew more intense. Over a million or so years, forest gave way to savannah grasslands, while the East African climate swung between intense extremes of hyper-aridity and overabundant rainfall. This new world of climate variability increased the rate of extinctions and speciation, the winners being those who could handle environmental disruption. Into this changing Africa strode the genus Homo.

Some species of Homo were more successful than others. Tool-wielding Homo erectus – whose brain may have been as large as 1,100 cubic centimetres and who stood up to 1.6 metres tall – broke all records for survival of a human species; ‘Upright Man’ walked out of Africa and endured for nearly 2 million years. Early examples have been found in Georgia, southern Europe and eastern China. Homo soloensis was adapted to surviving in the tropics. Homo neanderthalensis was adapted for cold climates and spread across much of Europe using tools and fire, but was overtaken by Homo sapiens, who had a smaller, 1,400-cubic-centimetre, brain and arrived between 300,000 and 200,000 years ago.

The most recent thermal crash and recovery reveals how adaptable humans have had to be. Only 22,000 years ago, Canada and northern Europe were compressed beneath 4 kilometres of blue ice. The heights of East Asia and the southern Andes were clamped by ice caps. At the peak of the last glacial period 20,000 years ago temperatures on land had fallen by 20 °C, and so much of the planet’s water was locked up as ice that global sea levels had fallen by more than 100 metres. Islands – and even continents – became conjoined by land bridges. People could walk between Asia and America; Britain was connected to Europe.

Right now, we’re in an interglacial period that kicked in around 11,700 years ago, when an episode of extreme climate change catapulted temperatures upward and removed the great ice sheets from North America and Europe. For a while, there were lakes of fresh water and lush vegetation in the Sahara Desert. Subsequent setbacks have failed to stem the rise of Homo sapiens, although catastrophic events, from volcanic eruptions to hurricanes, floods, landslides, disease and wars, have exacted a terrible toll. Increasingly, climate change is being linked to headline disasters. ‘Paradoxically,’ writes Jamie Woodward of Manchester University, ‘in an era of warming climate, the study of the ice age past is now more important than ever.’

So, it’s taken some 4.6 billion years for a cosmic swirl of gas and dust to evolve into a planet fit for butterflies and children. This blue dot in the black cosmos now hosts an estimated 8.7 million species. This intricate web of life exists because Earth operates as a system in which everything is connected and interdependent. The word ‘complex’ does not begin to describe the workings of this system. Indeed, it is so diverse and complicated that no computer currently comes close to creating a model. Such is the urgency of the challenge that thousands of scientists are working on what the geologist Richard Alley dubbed in 2000 an ‘Operator’s Manual’ for the planet: a clearer understanding of how the various components of the Earth’s system work, and ‘how they are wired together and depend on each other’.

What is it about this sphere of interacting systems circling the Sun that makes it possible for a kingfisher to flash across the River Ant, or for a yak to forage the grassland of Tibet? One way of simplifying the Earth’s system is to think of it as four connected components, or ‘spheres’: the lithosphere, atmosphere, hydrosphere and biosphere – land, air, water and life.

The lithosphere – the ‘sphere of rock’ – is the uppermost layer of Earth and comprises both the crust itself and the upper layer of the mantle. It is separated into a number of tectonic plates that move at a rate of a few centimetres a year. There was a time when Africa was connected to South America, North America and Antarctica. Collisions between the plates have created mountain ranges like the Himalayas and Alps. But we know remarkably little about the ground beneath our feet. Despite our ability to send a spacecraft on a 7.8-billion-kilometre trip to Saturn, the deepest artificial hole we have created in the Earth’s crust is only 12 kilometres, drilled by Soviet geologists on the Kola Peninsula and abandoned in 1992. The heat and pressure were so extreme that the hole squeezed closed as the drill was withdrawn. On the surface of the lithosphere, a range of climates have contributed to extremely varied landscapes. Of the Earth’s land area, one-fifth is defined as desert and receives less than 25 centimetres of rain per year. The hot deserts that girdle central latitudes are decorated with astonishing landforms: sand dunes shaped like crescents, whose curving crests grow feathers in the wind; mushroom rocks undercut by flying sand grains; stippled plains of gravel; cliffs chiselled with dry chasms. Surface temperatures soar to 70 °C in the Lut Desert of Iran, but plunge to -89 °C in the coldest parts of Antarctica. Around 10 per cent of the planet is covered by glacial ice. Just under one-third of the land area is clothed with forest, burgeoning green belts teeming with life; just over one-third is agricultural land. The amount of land occupied by towns and cities is difficult to estimate because there is no widely agreed definition of ‘urban land’. But in 2014, four academics achieved a minor breakthrough by devising three measures of urbanisation. Zhifeng Liu and his colleagues found that ‘global urban land’ (urban area delineated by administrative boundaries) amounted to 3 per cent of the Earth’s surface.

The second component of Earth’s system is the layer of gases held by gravity to Earth’s surface – the atmosphere. Compared to the diameter of the planet, it is thin: above 3,000 or so metres in the mountains I begin to notice the lack of oxygen, and by 6,000 metres I’m panting like a steam engine. The base of the atmosphere, the troposphere, reaches up to 10,000 metres, and it is within this layer that most of our weather events, clouds and precipitation occur. Above the troposphere is the stratosphere, which climbs to 50 kilometres, and above that is the mesosphere, which goes up to 85 kilometres. Near the top of this layer, temperatures fall to -90 °C. Beyond the mesosphere is the thermosphere, home of the International Space Station, orbiting at 330 kilometres from Earth. And at the outer limits of the atmosphere is the exosphere, which is so airless that some scientists consider it part of space. Mixed within the atmosphere are gases essential for life, among them nitrogen (78 per cent by volume), oxygen (21 per cent), water vapour (1 per cent) and carbon dioxide (0.04 per cent).
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