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When God created the first human, He took him and led him round all the trees of the Garden of Eden and said to him … ‘Pay attention that you do not corrupt and destroy My world; if you corrupt it, there is no one to repair it after you.’

Midrash Ecclesiastes Rabbah, 7:13

The drought is so excessive,

And we are tormented by the heat.

I have not stopped offering sacrifices …

To the powers above and below I have made sacrifices and buried offerings.

There are no spirits I have not honoured.

King Xuan of Zhou (r. 827–782 bc), ‘Yunhan’ (雲漢)
from Shijing (詩經, Classic of Poetry)

[God] has raised the heavens and set up everything in balance,
Therefore do not transgress the balance that has been established.

Qurʾān, 55:7–8

A change in our climate … is taking place … Both heats and colds are become much more moderate.

Thomas Jefferson, Notes on the State of Virginia (1785)

The poorest nations, already beset by man-made disasters, have been threatened by a natural one: the possibility of climatic changes.

Henry Kissinger, Address to the Sixth Special Session of
the United Nations General Assembly (April 1974)

I’ve seen it, I’ve read some of it … I don’t believe it.

Donald Trump, 45th President of the
United States of America, on the
US National Climate Assessment 2018
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Note on Transliteration

Historians can tie themselves in knots trying to work out the best way to transliterate names of peoples, places and individuals. I have tried to use my judgement as best I can to make the text readable and, in doing so, to recognise that some readers may on occasion prefer a more faithful rendition, most notably when transliterating non-European languages. Nevertheless, I ask for forbearance from the reader who demands consistency. In return, I hope to inform, enlighten and help provide new perspectives on how we might look at the world we live in.

Maps

[image: A simple greyscale map entitled “The Pangaea Supercontinent c. 200 million years ago” that shows a large, single landmass that includes North and South America, Antarctica, India, Australia, and Africa, all together, with the Panthalassa ocean to the west and the Tethys Ocean to the east, with Eurasia making up another continent to the northeast.]
[image: A simple greyscale map entitled “Human Dispersal from c. 200,000 years ago. Approximate dates x1,000 years BP” that shows arrows with numerals. 200 x1,000 years BP humans dispersed from east Africa to the west and southern Africa. 100 x1,000 years BP humans dispersed from east Africa to the Arabian Peninsula  past the Indian subcontinent to reach Australia by 65 x1,000 BP. 100 x1,000 years BP humans dispersed from east Africa to the near East. 70 x1,000 years BP humans dispersed from the near East to the Indian subcontinent. 70 x1,000 years BP humans dispersed from the near East to southeast Asia. 65 x1,000 years BP humans dispersed from Africa across the Indian Ocean to Australia. 40–50 x1,000 years BP humans dispersed from Indonesia up to Japan, and from there into Asia. 40 x1,000 years BP humans dispersed from the Middle East westwards across northern Africa. 35 (approximately) x1,000 BP humans dispersed from the near East across the Asian steppes and the land bridge to North America, penetrating as far as the southern parts of South America. 25 x1,000 BP humans dispersed from the near East across to north and western Europe. 20 x1,000 years BP humans dispersed from Asia across the land bridge to North America. 10 x1,000 years BP humans dispersed all across the entirety of southeast Asia. 10 x1,000 y ears BP humans dispersed from the southern reaches of South America up to central America.]

[image: A simple greyscale map labelled “Eastern Asia: Civilisations and settlements”. Parts visible include the northern parts of the Indian subcontinent, the Gobi Desert, and China. In India, starting at the western reaches of the Tibetan plateau we see settlements more or less following the course of the Indus, staring with Taxila in the north then southwards, Judeirjo-daro, Mohenjo-daro, Chanhu-daro. Then near the coast, at a midpoint between the Indus and the Narmada, Dholavira and Surkotada are located almost next to each other. Inland, south of Taxila, is Harappa, with slightly southeast the settlement of Banawali. North in the Gobi Desert at the northward bend of the Yellow River is the Laohushan-Dakou, with the settlement of Shimao nearby on the Yellow River, just below the northward bend. The Qijia south and west, by the Yellow River. South from the Laohushan-Dakou, and on the Yellow River by the settlement of Xinzhai, is the Erlitou, with the settlement of Kaifeng nearby on the river. The Shantung are at the mouth of the Yellow River. The Liangzhu is at the mouth of the Yangtze river, with the Baodun further inland between the Yangtze in the south and the Qinling Mountains in the north. The settlement of Yufucun is located here.]
[image: A simple greyscale map entitled “Western Asia: Civilisations and settlements”.  Depicted are Egypt, Nubia, and Kush in northern Africa, the Syrian Desert and An Nafud in the Arabian Peninsula, and parts of the continent as far as the Caspian Sea in the northeast and parts of the Anatolian region that includes the settlements of Hattusa and Çatalhöyük just above the Mediterranean Sea. Mesopotamia is indicated between the Tigris and Euphrates rivers that flow into The Gulf. Overwhelmingly it is shown that most settlements, except for Hattusa and Çatalhöyük, as well as Ectabana (which is situated in the Zagros Mountains) are located by major rivers. This includes Giza, Memphis, Naqada, Thebes, Nekhen, which run along the Nile. Along or near the Tigris are Göbekli Tepe, Urfa, Tell Halula, Emat, Ebla, Palmyra, Mari, Sippar, Babylon, Uruk, and Ur. Along or near the Euphrates are Çayönu, Tell Leilan, Qermez Dere, Dur-Sarrukin, Nineveh, Assur, Akkad, Nippur, Lagash, and Susa.]

[image: A greyscale map entitled “West Africa: Civilisations and settlements” that shows the region with the Sahara Desert in the north with enough of the western curve of Africa as far as the delta that runs after the confluence of the Niger and Benue rivers. Civilisations include the Jolof and Takrur in Mali near Dakar and Saint-Louis, Futa Jalon in Mali near Timbo and Bissau. Ghana takes up an area from around the headwaters of the Senegal River down to the Niger, encompassing settlements such as Aoudaghost, Walata Dhar Nema, Mopti, Djenné, Ségou, San, Nando, Hamdullahi, Niani, Bamako, and Kumi Saleh. Gao encompasses a small region on the Niger with settlements such as Gao, Kobé, and Niamey. The Songhay overlaps to a large extent with Mali and Ghana, but has a settlement far north in the Sahara called Taghaza and loops far east to include Adadez, Sokoto, Katsina, Kano, and Zaria. Many settlements also occur all along the coast.]

[image: A greyscale map labelled “Mesoamerica: Civilisations and settlements, c. 800 BC–C. 1500 AD” and it depicts the land bridge that connects North and South America, with Aztec occupying the territory that is more north, running along the diagonal that meets up with the Yucatán Peninsula where the Maya are located. Numerous settlements are all indicated across the region, with many also in the mountainous regions. The Totonacapán are located on the Bay of Campeche, on the east coast near to Pachucca. The Olmec are further down the coast, near La Venta, at the narrowest part before the start of the Yucatán Peninsula. To the south and slightly west of them, on the south coast, is a small area where the Zapotec (Oaxaca) is situated, encompassing settlements such as Monte Albán, Oaxaca, and Mitla. The Michoacán are then further north along the south coast, west from settlements such as Tenotichlán.]

[image: A greyscale map labelled “The Andes: Civilisations and settlements, Antiquity–C. 1500 AD”. There is an inset that gives more detail, but on the larger map, that indicates a large portion of the South American west coast, Tiwanaku is indicated just west of the headwaters of the Grande and Pilcomayo rivers, with settlements such as Tiwanaku and Cochabamba. The Wari is indicated along the coast, within the mountainous region, from Farfan in the north down to Cerro Baúl and Moquengua in the south, and as far northeast as Cuzco and Ollantaytambo. The inset depicts the Moche, which hold territory from the Piura river in the north down as far to Manchan in the south, encompassing settlements such as Loma Negra, Sipán, San Jose de Moro, Farfán, El Brujo, Huacas del Sol y la Luna, Pañamarca, and Manchan.]

[image: A greyscale map labelled “The Rise of South and South-East Asian Empires” that encompasses the Indian subcontinent, the Gobi Desert in the north, China in the east, and Thailand in the south. Major rivers and mountain ranges are indicated, as well asn numerous prominent settlements. The Chola hold territory in southern India, and encompass settlements within the range of Dvarasamudra, Kantalur-salai, and Kanchipuram. The Kucha are situated near Kashgar and the Yarkant River, encompassed by the Tang Dynasty (c. 742) that held a broad swathe that included the headwaters of the Yarkant and Syr Darya rivers, settlements such as Turfan, Dunhuang in the east, Lanzhou, Ya’an, Dali, and then followed to the east of length of the Jinsha River, and including settlements in the west like Kashgar and Khotan. The Xihai are situated near Lanzhou. The Song Dynasty (c. 1100) held territory that encompassed Taiyuan in the north, Lanzhou in the northwest, Ya’an in the west, and stretched as far as Dai La in the southeast. The Youzhou were situated in the Bay where the Yellow River flows into the Yellow Sea. The Anna were situated by Dai La in the Khmer region, on the east coast. The Pagan to the east of the Ganges delta. The Srivijaya on the peninsula jutting out between the Andaman Sea and the Gulf of Thailand.]


[image: A greyscale map labelled “The Indian Ocean World” showing Africa’s east coast, the Arabian Peninsula and Asia, as far as the Sea of Japan in the east, and the northwest of Australia. Important rivers are noted, and numerous prominent settlements. The Abbasid Caliphate is shown to encompass Egypt, the Arabian Peninsula and a large portion of Asia up until the Amu Darya river in the east and a part of the Indian subcontinent more or less in line with the Indus River.]


[image: A greyscale map labelled “Oceana” that shows most of Australia and New Zealand in the southwest quadrant of the map but focuses on the many islands in the Pacific Ocean. Notable, from north and west to south, Marianas, Palau, Caroline, Marshall, Indonesia, New Guinea, Soloman, Gilbert, Vanuatu, New Caledonia, Tuvalu, Fiji, Kiribati, Tokelau, Samoa, and Tonga. Seas such as the Tasman, Coral, and Philippines are indicated.]

[image: A greyscale map indicating the spread of religions and the Black Death, showing parts of north Africa, Europe, Asia, the Indian subcontinent and China. The Black Death has its origin in the east, by Chiang Mai, and spreads northeast to Luoyang, from where it spreads westward and north to Karakorum. It spreads westward from Luoyang up to the Chagatai Khanate and across the great steppes to the Black Sea, from where it spreads to Kiev, Constantinople, Greece, Rome and then to the rest of western Europe and northern Africa. From the Chagatai Khanate the Black Death also disperses southeast to Samarkand, Rayy, Baghdad, Aleppo, Tabriz, Jerusalem, Medina and Cairo. The Mongol campaign radiates southwards from Karakorum in the Khanate of the Great Khan to reach Beijing and Liaoyang, Ningxia, Chiang Mai, Thang Long, Arimaddanapura, Guangzhnon, Indrapura and Vijaya. The Mongol invasion reached Dunhuang north of the Tibetan Plateau and also flowed westwards to Samarkand, Bukhara, then on to Kabulu and Lahore. From Samarkand it spread further west to Nishapur Rayy, Baghdad, Basra, Jerusalem. From Kiev, the Mongol invasion penetrated northwards to Kraków and Vienna, then swerved southeast to reach Constantinople and the Black Sea.]

[image: A greyscale map Indicated the Transatlantic Slave Trade, showing an assortment of routes, with the east African one flowing east from Mozambique and the western parts of Madagascar with the much larger west African slave trade proceeding out from a stretch of coastline from around Benguela in the south, all the way up to Saint-Louis. Routes also flowed inland across the Sahara, north from Timbuktu, Oyo, Agadez, and Old Calabar, to reach places such as Fez, Algiers, Tripoli and Cairo. The routes across the Atlantic brought slaves to Montevideo, Recife, Paramaribo and Caracas in South America; the Caribbean Isles, Jamaica; then New Orleans, Charleston and New York in North America. Routes to the north also reached as far as Marseilles and the French coast along the Atlantic.]

[image: A greyscale map of the United States labelled “The United States, Territorial evolution, 1783–1853” with different states coloured in darker shades of grey to show the gradual westward incursion of settlers. By 1783, the eastern third of the country, excluding the land around the Gulf of Mexico, was under control. By 1803, nearly half the interior except for Texas was under control. By 1819, the area around the Gulf of Mexico as well as parts near the north by the Canadian border were under control. By 1845, Texas had been Incorporated, and by 1846, the northwestern states above California were under control. By 1848 early all the remaining states except for a small sliver of the region next to Mexico was under control, with the last bit under control by 1853.]




Introduction


Three things exercise a constant influence over the minds of men: climate, government and religion.

Voltaire, Essai sur les moeurs et l’esprit des nations (1756)



‘Man’s first disobedience’, wrote John Milton at the start of Paradise Lost, was to eat the fruit ‘of that forbidden tree’ in the Garden of Eden. The decision ‘brought death into the World, and all our woe’. The loss of paradise turned the earth from a place of beauty and plenty into one of sorrow and sadness, where ‘peace and rest can never dwell, hope never come’ and where life was turned into ‘torture without end’.1

Milton’s epic poem, first published in the second half of the seventeenth century, was a retelling of the story that appears at the start of the Book of Genesis explaining how humans came to be the architects of their own demise. By allowing themselves to be tempted by the ‘infernal Serpent’, Adam and Eve condemned all future generations to lives of ecological challenge, ones where the environment was no longer always benign, where food was not always easy to come by and where humans had to work, rather than receive benefits from God. Paradise had been lost.

In today’s world, the ways that our species works the land, exploits natural resources and treats sustainability are topics of vehement discussion – not least since many believe human activities to be so extensive and so damaging that they are changing the climate. This book sets out to look at how our planet, our enclosed garden (the literal meaning of the word ‘paradise’), has changed since the beginning of time, sometimes as a result of human endeavours, calculation and miscalculation, but also thanks to a host of other actors, factors, influences and impulses that have shaped the world we live in – often in ways we do not think about or understand. This book will explain how our world has always been one of transformation, transition and change because, outside the Garden of Eden, time does not stand still.

My first encounter with the human impact on the environment and climate change came with a children’s current affairs programme called John Craven’s Newsround which was shown every day in the UK when I was a young boy. Newsround was a flagship BBC project that was a lifeline, connecting younger viewers to the world beyond the British Isles. One of the few programmes my parents allowed my siblings and me to watch when we were growing up, it introduced me to the suffering of people at the hands of the Khmer Rouge, to the complexities of the Middle East and to the realities of the Cold War.

One of the themes that came up regularly in the late 1970s and early 1980s was the subject of acid rain. I remember being transfixed by the horror of trees without leaves and by the thought that human activity was responsible for the degradation of nature. The idea that the factories belched emissions that devastated forests, killed animals and contaminated the ground came as a shock to me. Even as a young boy, it seemed obvious that the choices we made to produce goods and products had impacts that had long-term effects on us all.

These misgivings were compounded by a fear of devastation that was a hallmark of my childhood. I am part of a generation that was brought up to believe that the world might see global nuclear war between the United States and the Soviet Union that would result in large-scale death not only from the detonation of countless intercontinental ballistic missiles (ICBMs) but from the nuclear winter that would result from mushroom clouds released by warheads on impact. One film, When the Wind Blows, which came out in the mid-1980s, painted a poignant and awful picture of what lay ahead: sadness, suffering, hunger and death – all because of humanity’s ability to invent weapons of mass destruction that would not only kill millions through firestorms and explosions, but would change the earth’s climate so drastically that survival alone would be a miracle.

The detonation of scores of nuclear weapons promised to throw so much debris into the atmosphere that we would have to learn to live in sub-zero temperatures. Sunlight would be blocked by blankets of dust and particles with the result that plants would die. Animals would succumb as a result too – leaving those who survived the blasts not only freezing cold but hungry. Fallout from radiation would contaminate flora and fauna, poisoning all forms of life. The aim was to get through the apocalypse and to hope to be one of the survivors. In due course, we hoped, the climate would reset. Then it would be a case of seeing how many people were left alive and where, and starting again.

The fears of my generation were swelled by disaster, the most dramatic of which was the explosion in 1986 of the reactor at Chernobyl in what is now Ukraine. The reports of the catastrophic failure – strenuously denied for days by the Soviet authorities – were a reminder that miscalculations, misjudgements and incompetence could affect the world we lived in. In the months that followed, I studied maps of the fallout, was careful about what I ate and became acutely aware of the dangers posed by the potential for climatic change.

We used to spend our summers by a lake in the middle of Sweden. We said that we would flee there if there was ever a chance of a nuclear war breaking out. As most people know, Sweden is not the warmest country in the winter as it is; but I was reassured by the idea that being out of the way of soldiers, tanks and missiles would be a benefit. I was also comforted by the knowledge that blueberries (still my favourite fruit) were resilient to the cold. So I had a little bag packed by the side of my bed that I would update each year with my necessities for when (not if) changes to the world’s climate would demand adaptation: a bar of chocolate; a Swiss Army penknife so I could make bows and arrows; some woollen gloves; a deck of cards and three balls; two pens (in case one ran out of ink); and some paper.

As it happened, my preparations were never needed – although it turns out that this was often because of luck rather than skill. As we now know, missile launches almost took place because of bears breaking down wire fences in search of food; because of misunderstandings about military exercises that made one side believe an attack was imminent; and because of weather balloons being misidentified as ballistic weapons systems. I grew up in a world of close shaves, near disasters and human error.

To be sure, there were many other things that scared me growing up: the 1970s and 1980s were a time of injustice, hatred, instability, terrorism, famine and genocide. But ecological devastation, climate and climate change were constantly in the background as current problems that would get worse in the future. Few things were certain for my generation. One thing was clear: we were all but guaranteed to live on a planet that was more hostile, more unstable and more dangerous than the one we had grown up in. I assumed that that would be because of the catastrophe of global war or large-scale accidents.

It did not cross my mind that the end of the Cold War would lead to an age of ecologies being placed under ever greater stress, or that increased global economic co-operation would result in massive rises in levels of carbon emissions and a warming world. I was brought up to believe that disaster stemmed from the horrors of war; after all, that was what I was taught in the classroom. Peace and harmony, on the other hand, were supposed to be the solution – not part of the problem. And so, a journey that began many years ago watching Newsround has led me to think about human interventions in the landscape, about how the climate might have changed in the past, and above all about the role that climate has played in shaping the history of the world.

We live in a world teetering on the brink of disaster because of climate change. ‘Every week brings new climate-related devastation,’ said António Guterres, Secretary General of the United Nations in 2019. ‘Floods. Drought. Heat waves. Wildfires. Superstorms.’ This was no apocalyptic prediction, he said, for ‘climate disruption is happening now, and it is happening to all of us’. As to what the future has in store, he went on, there is little hope. Lying in wait is nothing less than ‘catastrophe for life as we know it’.2

There are many problems facing humanity, said Barack Obama in his penultimate address as President of the United States of America; ‘and no challenge – no challenge – poses a greater threat to future generations than climate change’.3 ‘Today’s ecological crisis, especially climate change,’ said Pope Francis in 2019, ‘threatens the very future of the human family.’ The situation looks bleak. ‘Future generations stand to inherit a greatly spoiled world,’ he added. ‘Our children and grandchildren should not have to pay the cost of our generation’s irresponsibility.’4

Agreements reached by governments to deal with carbon emissions and global warming represent ‘the minimum steps to be taken to protect the Earth, our shared homeland’, noted President Xi of the People’s Republic of China in 2020. ‘Humankind can no longer afford to ignore the repeated warnings of nature.’ It is vital, therefore, to ‘launch a green revolution and move faster to create a green way of development and life, preserve the environment and make Mother Earth a better place for all’.5

Others have put the threat personally as well as forcefully. ‘You have stolen my dreams and my childhood with your empty words. And yet I’m one of the lucky ones,’ said Greta Thunberg at the UN Climate Action Summit in September 2019. ‘People are suffering. People are dying. Entire ecosystems are collapsing. We are in the beginning of a mass extinction, and all you can talk about is money and fairy tales of eternal economic growth. How dare you!’6

If climate change is going to be – or already is – the theme that will dominate the twenty-first century, sparking water shortages, famines, large-scale migrations, military conflict and mass extinction, then understanding what the future holds should be essential not just for politicians, scientists and activists, but for everyone. As a historian, I know that the best way to address complex problems is to look back in time, as this helps provide context and perspective for current and future challenges. And history can also teach valuable lessons that help formulate questions and sometimes even answers relating to some of the big issues that lie ahead of us.

This is particularly true when it comes to the relationship between human activities, the environment and the natural world in the regions and places that I have spent decades researching. In many if not all, availability and use of water, the expansion of food production and the geographic challenges and opportunities of local as well as long-distance trade are not just important factors but fundamental elements that underpin the broad sweep of history. As Fernand Braudel put it, the study of the past does not just involve the competition between humans and nature; it is the competition between humans and nature.7

When I first studied the Sasanian and ʿAbbāsid empires, I quickly learned that the success and stability of the state were closely linked to the irrigation of fields that enabled a rise in agricultural yields and supported larger populations.8 Looking at the histories of China led me to research which argues that the rises, falls and replacement of imperial dynasties stretching back more than a millennium are closely correlated with changes in temperature, with colder phases serving as periods of demographic decline, conflict and the replacement of imperial rulers with new regimes.9

Likewise, reading poetry such as Meghadūtam (‘The Cloud Messenger’) by the famous fifth-century Sanskrit poet Kālidāsa made clear how the monsoons and the rains, as well as the seasons, play a fundamental role in the literature, culture and histories of South Asia.10 I learned long ago too that in the more recent past, Soviet policy in Central Asia in the 1950s was not only environmentally disastrous but had a significant impact on the Cold War and plays a role in the use of coerced labour in the region today.11 I also know from experience how pollution in places I visit regularly is acrid, damaging and dangerous – with cities like New Delhi, Bishkek and Lahore ranked among the worst in the world for air quality. In Tashkent, the capital of Uzbekistan, the air was classified as dangerous 80 per cent of the time in the course of 2020.12

So I have set out to examine environmental history and to understand more clearly what the past tells us about human behaviour, about anthropogenic change in the natural world and about how extreme weather events, long-term weather patterns and climatic change have influenced and impacted history. I have wanted to assess why we seem to have arrived at the edge of a precipice where the future of our species – as well as those of a significant part of the animal and plant worlds – is at risk. Rather as a doctor should have full knowledge of an illness before trying to devise a cure, so too is investigating the causes of the current problems essential if we are to suggest a way to deal with the crises now confronting us all.

Historians are living in something of a golden age thanks to a rash of new evidence and new types of materials that help improve understanding of the past. Machine learning, computer models and data analysis are not just providing new lenses to look at other periods in history but revealing a plethora of information that was unknown and unseen. For example, networks of villages in the Amazon rainforest dating back many centuries and which were set out to mirror the cosmos have been identified thanks to Light Detection and Ranging (LIDAR) technology.13 Advances in cost-effective laboratory visible-near infrared/ shortwave infrared spectroscopy data have enabled groundbreaking work to reach conclusions about the social change in the Mapungubwe landscape at the confluence of the Shashi and Limpopo rivers during the twelfth century.14 Isotope data from human burials and from pig teeth in what is now Papua New Guinea help shed light not only on settlement patterns but on proportions of marine foods that people were eating more than 2,000 years ago.15 And new technology has helped identify the mineralisation process of seeds preserved in refuse pits and cesspits in ʿAbbāsid-era Jerusalem, providing support for hypotheses about the westward diffusion of crops in the early Islamic period.16

Some of the most exciting advances have come in the way we understand the climate. These include inventive ways of using written sources that have been ignored or poorly utilised in the past. For example, clam shells from the coast of Peru enable climate reconstructions through changes in the chemistry of shells that allow researchers to identify yearly, monthly and even weekly ocean temperatures.17 Records of cherry blossom festivals in Japan that go back to the start of the ninth century and note the date of the flowering of cherry trees help establish when spring arrived each year over the course of many centuries.18 Registers kept by the harbour authorities in Tallinn in Estonia covering the last 500 years show the arrivals of the first ships each year, and consequently not only reveal when the sea became ice-free, but indicate patterns in longer and warmer springs.19 Driftwood from the Svalbard archipelago in the Arctic shows considerable variability of sea ice between 1600 and 1850 which in turn points to unusual climatic patterns in this period.20

Above all, new and exciting ‘climate archives’ are being added to all the time. Many will feature in this book. We will consider information from growth rings in trees from the Altai mountains in Central Asia and from the build-up of mineral deposits from caves in Spain that show changes in temperature and rainfall; we will look at air bubbles trapped in ice cores in Greenland and in glaciers in the European Alps that provide evidence of volcanic eruptions as well as of human activities such as metallurgy and the burning of crops, forests or fossil fuels; we will encounter fossilised pollen from Oman and pollen deposits in lake valves in Anatolia that provide insights into changes of vegetation, both through natural causes and because of human intervention; we will come across carbonised and desiccated seeds in South-East Asia, dried nutshells from northern Australia and digested and partly digested foods from Palestine that provide evidence of diets as well as disease. We will look at climate conditions conducive to the spread of parasitic pathogens in the Americas and at evidence for crop cycles in West Africa – as well as at phylogenetic trees of plague in Ethiopia, Kyrgyzstan and Cambridgeshire.

Many new sources of climate data are becoming available that allow us better to understand the natural world deep into the past. For example, a team of researchers are working on an eighty-metre-deep sedimentary layer in south-east Kazakhstan that provides a record of soil moisture – as well as offering insights into the role that Central Asia plays in global climate evolution in general and into the land–atmosphere–ocean water cycle in the northern hemisphere in particular. This is of considerable significance not only for studies of the past but also for future long-term global climate analysis.21 So too is new research on the Tibetan plateau, where modelling based on findings from high, treeless areas – which are home to far more species than mountain forests – suggests a major decrease in plant diversity in alpine habitats in the coming centuries.22

Such new sources of evidence have led to revolutionary new ideas being developed about the past. New climate data provides insights into a tumultuous period in the middle of the third century in the Roman empire, with some scholars seeking to link reduced levels of solar activity, increases of sea ice and several major volcanic eruptions with rapid cooling, disrupted food production and a series of political, military and monetary crises precisely in this period.23 Data about the persecution of Jews in Europe drawn from almost a thousand cities between 1100 and 1800 shows that a decrease in the average growing-season temperature of about one-third of 1 degree Celsius is correlated with a rise in the probability of Jews being attacked in the subsequent five-year period – with those living in and near locations with poor soil quality and weaker institutions more likely still to be the victims of violence during times of food shortages and higher prices.24

And a comparison of cold temperatures and wheat prices in Europe has led to new models being proposed about which cities were more resilient than others to price shocks; this has in turn spurred hypotheses that cooler weather in England in the early modern period led to agricultural revolution, which in turn prompted and rewarded the development of new technologies that led to an energy transition and ultimately gave rise to an age of European global empires.25

Not surprisingly, eye-catching arguments like these are a matter of lively discussion and sometimes heated debate among historians, with particular concerns voiced about historical and environmental determinism and about the problems of distinguishing between correlation and causation.26 There are other challenges of interpretation. A case in point comes from the Indian subcontinent, a region that is ecologically and culturally diverse and home to a wide array of ‘settled villages, hunter-gatherers, swidden cultivators, nomadic pastoralists and fisherfolk’, as well as possessing astonishing species diversity and great climatic and ecological variety; as such, some scholars argue not only that are there dangers in making generalisations about the subcontinent as a whole, but that comparisons with other parts of the world are simply not appropriate.27

Another related issue is that those who write about climate and its impact often focus heavily on societal collapse, usually with a narrow band of signature examples – most notably the Maya, Easter Island and the ‘fall’ of the Roman empire – which have all been attributed to climate change in recent bestselling books.28 Apart from the problems of oversimplifying complex narratives into narrow explanations (which authors are sometimes at pains to note), some believe that the urge to impart lessons – about the exhaustion of natural resources, about the failures to adapt to changing environmental conditions and to the consequences of not living sustainably – is a case of the tail wagging the dog, which is to say viewing the past through the prism of contemporary concerns.29

Much depends therefore on lightness of touch when dealing with new kinds of materials – just as good history requires sound judgement when dealing with written sources and with material culture. The problem then is not that climate science, data or new approaches are themselves flawed or misleading; rather they need to be handled carefully and put in contexts that are balanced, persuasive and appropriate.30

By and large, the weather, climate and environmental factors have rarely been seen as a backdrop to human history, let alone as an important lens through which to view the past. There are a handful of cases where climate features prominently, though usually not always plausibly. The famous story of King Xerxes ordering the waters of the Hellespont to be given 300 lashes after a storm brought down bridges that slowed his invasion of Greece in 480 bc would seem to be an apocryphal tale told to highlight the illogical rage of a barbaric, tyrannical ruler rather than a reliable statement of fact.31

That two attacks ordered by Kublai Khan, the grandson of the great Činggis (or Genghis) Khan, on Japan in the late thirteenth century were thwarted by ‘divine winds’ or ‘kamikaze’, sent by the gods to frustrate the invaders, says more about how these events came to be seen in Japanese history than about the reason for the failure of Yuan dynasty which controlled most of what is now China to conquer Japan.32 Most celebrated of all, though, is the onset of a hard Russian winter, which in popular imagination played a decisive role both in derailing Napoleon’s ill-fated attack on Moscow in 1812 and in grinding German forces to a standstill and then to disaster after Hitler’s attack on the Soviet Union in 1941. Both popular tropes obscure the fact that overambitious objectives, inefficient supply lines, poor strategic decisions and worse execution of plans on the ground were what doomed both invasions as much as, if not more than, the snow.33

In the main, though, we ignore climate and long-run climate patterns or changes altogether when we look at history. Most people can name the great leaders and major battles in the past, but few can name the biggest storms, the most significant floods, the worst winters, the most severe droughts, or the ways that these influenced harvest failures, provoked political pressures or were catalysts in the spread of disease. Reintegrating human and natural history is not just a worthwhile exercise; it is fundamentally important if we are to understand the world around us properly.34

Assessing the role of weather, extreme events, long-run climate patterns and changes in climate requires a detailed understanding of how the global climate system and subsystems are connected. The earth’s climate is shaped by several closely related factors. First is the global weather system, which is constantly modulating because of changing atmospheric conditions, ocean currents and ice-sheet behaviour, as well as because of geological and plate tectonics and oscillations in the flow of liquid iron in earth’s outer core. The tilt of the planet’s axis, the mild eccentricity of the earth’s orbit around the sun and the uneven distribution of energy between the equator and the poles also affect weather and climate patterns – as do the interactions between all these factors.35

The main source of seasonal climate anomalies is the El Niño–Southern Oscillation (ENSO), which describes the relationship between the atmospheric and oceanic conditions in the equatorial Pacific, including the direction and strength of trade winds, surface water temperature and air pressure. The ENSO cycle of alternating warm El Niño and cold La Niña events is the dominant year-to-year climate signal on earth.36 It affects volumes of rainfall in South America, but also affects conditions in South Asia, East Africa and Australia – although the Indian monsoon can also be influenced by episodic climatic shifts in the North Atlantic.37

Other subsystems also play a significant role in temperature and climate conditions and variations spanning years or even decades. For example, the North Atlantic Oscillation (NAO), which describes the balance of sea-level pressure between the Azores and Iceland, creates periods of cyclonic and anti-cyclonic patterns which affect western Europe. It also plays a role in dictating winter precipitation in the Mediterranean and Black Sea, as well as driving cold air from Siberia and polar regions into central and western Europe.38 Antarctica and Greenland produce meltwater that increases subsurface ocean warming – although recent research indicates that the impact on the Southern Ocean is much more significant for global temperature and sea level than the impact on the Arctic.39

Solar activity has an important function in global climatic conditions of orbitally induced changes because of the variability in the behaviour of the sun, and in particular because of the sun’s magnetic activities. The most prominent of these are sunspots and aurora which follow cycles typically lasting eleven years.40 Solar activity is also modulated by long-term variations which result in more active and more settled patterns, known as grand maxima and grand minima.41 The most recent example of the latter is known as the Maunder Minimum, which took place between around 1645 and 1715 when sunspot activity was extremely rare.42

Volcanic activity is also an important factor in forcing alterations in climate. In 1991, for example, a major eruption of Mount Pinatubo in the Philippines injected twenty megatons of sulphur dioxide into the atmosphere which was then oxidised to form stratospheric particles of sulphate aerosols; these then propagated, increasing the opacity of the stratosphere. Among the startling results was a reduction of direct sunlight by 21 per cent and a reduction in insulation that led to an averaged global temperature cooling of about 0.5 ºC.43

These figures mask important regional patterns. While the North Atlantic dipped to 5 ºC cooler than average, the following winter in Siberia, Scandinavia and central North America was significantly warmer than normal; the year after the eruption saw extensive flooding in the south of the United States and significant water shortages and droughts in sub-Saharan Africa, South and South-East Asia as well as many parts of central and southern Europe. Nevertheless, taken as a whole, the impact was dramatic. The reduction of shortwave solar radiation resulted in a globally averaged sea surface temperature reduction of 0.4 ºC – or around one hundred times the total annual worldwide energy consumption.44

Volcanic eruptions bring other wide-ranging consequences for the natural world. These include producing phytoplankton blooms through the input of lava into the ocean and localised warming up of deep waters that rise to supply the sunlit layer with nutrients.45 As we shall see, eruptions can lead to sharp reductions in agricultural production which in turn can result in economic, social and political disruption. We shall also look at the impact that eruptions have by changing habitats for disease-carrying species, or by being catalysts for different enzootic cycles for pathogens or by opening up what one scholar has called ‘epidemic highways’.46

One crucial element in volcanic eruptions is that their timing can matter as much as their magnitude and scale. New research using supercomputers and thousands of simulations has shown that eruptions that take place during the summer produce a much higher impact on global climate than those that occur during the winter and spring.47 The locations of large-scale eruptions are also important, with models now showing that volcanoes outside tropical regions have produced stronger hemispheric cooling than tropical volcanoes over the last thirteen centuries.48 Studies of volcanoes and volcanic areas have also shown a substantial increase in recent years of CO2 flux, with emissions of degassing volcanoes far greater than those produced by relatively short-lived eruptions.49

There are other phenomena where the climate has a significant impact on the natural world. Heavy rains on the Indo-Gangetic Plain to the north of the Indian subcontinent can increase stress loads on the earth’s crust, leading to a decrease in micro-seismicity (or minor tremors) in the adjacent Himalaya region.50 Evidence linking strong typhoons in east Taiwan with seismic activity beneath the island suggests not only that weather conditions may trigger geological responses but that they might do so in small, modest and regular ways that prevent single, large and devastating earthquakes.51

Climate and temperature shape biodiversity too: the number of species decreases drastically from the equator to the poles – with some estimating that tropical forests contain more than half the species of flora and land-based fauna on earth. However, it now emerges that while tropical forests are astonishing in the range of animals and plant that they host, this is the result of gradual changes over extended periods of time; in fact, new species form faster in cold, dry, unstable and extreme environments.52

Historians have long noted that solar activity, long-term weather cycles and the impact of volcanic activity seem to form patterns that span decades and even centuries. Some of these periods have been given names to encapsulate a sense of uniformity, mainly based on the behaviour of the sun and the resultant impact on the complex global climate subsystems. The Roman Optimum (c.100 bc–ad c.200) and the Medieval Climate Anomaly (c.900–c.1250) are two such examples, purportedly times of favourable, warmer-than-average but above all stable conditions, while the Little Ice Age (c.1550–c.1800) was a time of distinctly cooler temperatures, lower solar irradiance and global crisis.53

That, at least, is the theory. One of the challenges posed by climate science is that new evidence from other areas and increasing levels of accuracy can show that what holds in one part of the world does not hold in another. While the central and eastern Pacific Ocean appears to have been unusually cold in the fifteenth century, for example, the same does not seem to have been the case elsewhere, much as north-western Europe and the south-eastern parts of North America appear to have endured harsher conditions in the cooler seventeenth century than other regions. In fact, there is no evidence for globally coherent warm or cold periods over the two millennia before the industrial revolution.54

Just how much care needs to be taken can be shown by looking at the period c.1220–50. During this relatively narrow window, the hydroclimatic situation was rather favourable for cereal production in the eastern Mediterranean and the southern Levant (roughly modern Israel, Palestine, Jordan) but was much less so just a few hundred kilometres away in the central Mediterranean, Sicily and southern Italy.55 It is important, in other words, not to extrapolate too much from site-specific information and apply it to other locations where evidence has not been gathered either because they have not been so intensively studied or because they do not offer suitable corroborative material.

[image: Two simple greyscale graphs entitled: “Synoptic frequency of extreme marine heat across ocean basins from 1900–2019”. In both cases the vertical axis indicates the proportion of ocean extent and goes up in increments of 0.2 from 0 to 0.6. The horizontal axis indicates years, starting at 1900 and going up in increments of twenty years until 2020. While some of the graphs fluctuate with massive peaks and troughs, all the oceans, show a sharp incremental increase in temperature, with the global mean showing a general sharp increase, with the southern oceans perhaps showing the greatest increase. ]
The question of regional climate coherence is an issue too in today’s world where global warming is affecting 98 per cent of its surface area, apart from the Antarctic, where warming has not yet been observed over the entire continent.56 Warming patterns do not affect all parts of the earth the same way nor do they do so at the same rate. Indeed, as a recent report noted, while the majority of countries around the world will experience the ‘pernicious effects’ of climate change, a small number may actually benefit.57

Nevertheless, even before considering the accuracy and margins of error of future climate models, analyses of the here and now makes for a sobering read. The Atlantic Meridional Overturning Circulation (AMOC) – a system of interconnected surface and deep currents in the Atlantic Ocean that is largely responsible for the relative warmth of the northern hemisphere – is at its weakest in almost 2,000 years.58 Early-warning indicators from multiple sea surface temperature and salinity data from across the Atlantic Ocean basin suggest that currents may be nearing a shutdown, something that would cause severe disruption to the global climate system and increase the chances of a cascade of further transitions – including the distribution of rain in tropical monsoons and the melting of the Antarctic ice sheet.59 Some scientists argue that these risks represent nothing less than ‘an existential threat to civilization’.60

These current and major changes to global climate are almost entirely due to human impact on the environment. Anthropogenic impacts began to have a radical effect from the second half of the eighteenth century, following the invention of the steam engine and the energy and industrial revolutions that transformed production and societies and marked the start of a fundamentally different human relationship with the natural world. The era that began with the Industrial Revolution has been named the ‘Anthropocene’, following the suggestion of the Nobel-prize-winning chemist Paul J. Crutzen in 2002 to describe a period that has seen levels of carbon dioxide and methane emissions rise sharply and consistently.61 More recently, a panel of distinguished international scientists agreed to treat the Anthropocene as a formal gatepost in history – and voted to consider this as starting in the middle of the 20th century, a point when carbon emissions from human activities began to rise extremely quickly.62

Burning fossil fuels like coal and oil releases water vapour, carbon dioxide (CO2), methane (CH4), ozone and nitrous oxide (N2O), which trap heat and are therefore known as greenhouse gases. Rising populations, increased energy demand, falling production prices and massive investment in infrastructure have seen dramatic surges in fossil-fuel use, leading to substantial rises in emissions and to sharp temperature rises. For 800,000 years until the start of the industrial revolution, there were around 250 parts of CO2 for every million air molecules. In 2018, this had risen to over 408 parts per million – levels that have not been so high since the Pliocene era, over 3 million years ago, when sea levels were almost twenty-five metres higher than today and when average temperatures were 2–3 °C warmer than today.63 By the summer of 2022, levels were higher still, measured by the Mauna Loa Atmospheric Baseline Observatory in Hawai‘i at a monthly average of 421 parts per million.64

There are multiple knock-on effects. Global warming leads to melting of the ice caps, which in turn raises sea levels. A single iceberg, known as A68, that broke free from the Larsen-C ice shelf in Antarctica in 2017 was dumping 1.5 billion tonnes of fresh water into the ocean every single day before it disappeared in 2021.65 This has obvious implications for the world’s largest cities, many of which are located on the coast. Modelling using artificial intelligence and highly accurate readings of elevations suggests that land that is currently home to 300 million people will flood at least once a year by 2050, with Asian populations most heavily affected. As it is, around 1 billion people already live on land less than ten metres above high-tide levels, and 230 million live in coastal communities at less than one metre’s elevation above water.66

The UK’s energy infrastructure is highly exposed to even modest rises in sea level, with all nineteen of the country’s nuclear reactors situated in coastal locations, as are all the major fossil-fuel power stations in Scotland, Wales and Northern Ireland.67 Some estimates suggest that $3–11 trillion worth of assets in the United States are at risk from flooding, depending on the amount and speed of rising sea levels.68

There could be ‘catastrophic outcomes’, notes the International Monetary Fund (IMF), if steps are not taken to reduce emissions, including lower agricultural yields, frequent disruption of economic activity, destruction of infrastructure, deterioration of health and increased prevalence of infectious diseases.69 According to UNICEF, 1 billion children – almost half the world’s children – are already at ‘extremely high risk’ of the impacts of the climate crisis.70

The scale of the challenge in minimising the consequences of the rapid warming in the coming decades is hard to exaggerate. Recent modelling has suggested oil and gas production must decline globally by 3 per cent each year until 2050 – and that 60 per cent of oil and fossil methane gas and 90 per cent of coal must remain unextracted to keep within a 1.5 °C carbon budget.71 The fact that not a single one of the world’s major economies, including the entire G20, had climate plans in 2021 that met their own commitments under the Paris Agreements of 2015 indicates that we should be preparing for the worst rather than the best case – even though some commentators stress that doomsday scenarios provide little or no scope for adaptation, technological innovation or successful mitigation of some or all of the worst potential problems.72

There is of course much to be said about the dangers of over-relying on the twin temptations of crystal-ball gazing and catastrophising. However, recent models suggest an even bleaker future than many have predicted with temperature rises of around 4 °C by 2100. In fact, a report by the US National Highway Traffic Safety Administration in 2018 said that there was little point in enforcing fuel-efficiency standards in cars because this would have little practical impact in the long run, since moving away from fossil fuels would require ‘the economy and the vehicle fleet’ to operate in ways that were ‘not currently technologically feasible or economically practicable’.73 This was taken by many as a statement that the planet’s fate is considered sealed – at least in some parts of the US government.74

Less hard to argue with are the problems that are already very much part of the present and not of the near or distant future. The energy revolution has had a disastrous impact on human health, with air-pollution levels in some cities at levels ten times higher than World Health Organisation minimum standards: indeed, 92 per cent of the world’s population live in places which exceed these limits.75 Dirty air is not simply the result of fossil fuels being burned for energy; it also comes from open-air burning of rubbish. An estimated 40 per cent of global waste is burned in the open air, resulting in substantial injections of particulate matter and polycyclic hydrocarbons into the atmosphere.76

Air pollution is lethal. In 2015, it resulted in approximately 9 million premature deaths worldwide.77 The latest figures put the number of annual deaths attributable to air pollution in India at more than 1.6 million, with the highest number of fatalities in states with low per capita incomes.78 Indeed, in 2017, the death toll from air pollution in war-torn Afghanistan was almost eight times higher than the number of civilian casualties.79

While chronic levels of pollution affect large parts of the developing world, those living in wealthy countries also pay the price for the failure of governments to understand fully or deal with the dangers posed. In Europe as a whole, 8 per cent of mortalities can be attributed to exposure to particulate matter with a diameter of less than or equal to 2.5 μm (PM2·5) and to exposure to nitrogen dioxide (NO2) – almost 500,000 deaths per year, in other words.80 Recent research goes further still, suggesting that 18 per cent of total global deaths in 2018 were caused by the effects of fossil-fuel pollution.81

As with so many other issues, air pollution is also closely connected to socio-economic status and to income levels – including in wealthy, developed countries. Businesses that produce pollutants are more likely to be located in communities that are home to populations with high numbers of minorities and lower incomes.82 The damage goes much further too: particulate matter has a strong and highly detrimental impact on cognitive function, reducing memory, orientation, verbal fluency and visual-spatial ability.83 Breathing in nitrogen oxides and fine particulate matter as a child or an adolescent is a risk factor for mental illness in adulthood and for dementia, as well as for an elevated risk of self-harm.84 Exposure to pollution for even a single day in childhood can profoundly affect the cardiovascular and immune systems in later life, resulting in gene regulation and a detrimental impact on long-term health.85

According to a recent study by the World Bank, the cost of health damages associated with exposure to air pollution is $8.1 trillion – or more than 6 per cent of global GDP.86 Human behaviour, lifestyles and impact on the environment do not just end up killing people; these factors also affect how they behave, how they think and how they communicate with each other.

Human impact on the natural environment has been devastating almost everywhere, in almost every way, from water contamination to erosion, from plastics entering the food chain to pressure on animal and plant life that has reached such a high level that the most recent United Nations report talks of declines in biodiversity at rates that are unprecedented in human history, and that threaten an erosion of ‘the very foundations of our economies, livelihoods, food security, health and quality of life worldwide’.87

Human activities compromise the world’s rivers, seas and oceans with plastic debris present in every major ocean basin over a decade ago – impacting wildlife because of contamination, intestinal blockage, internal injury and entanglement.88 The scale of pollutants is mind-boggling, with an estimated nine trillion microplastic fibres shed from synthetic clothing being discharged from washing machines every week in the UK alone.89 These can be now found in astonishing volumes all around the planet, with one survey of the Arctic finding forty microplastic particles on average for every cubic metre of seawater.90 Studies in the US suggest that people consume and inhale 74,000–121,000 pieces of microplastics per year, while separate research shows the presence of microplastics in the placentas of pregnant mothers, and in high concentrations in the stools of infant children, as well as in all human blood.91

Pressure on the environment is now so great that 40 per cent of the world’s plants are considered endangered.92 This is partly the result of the collapse of insect populations, which in turn stems from deforestation, heavy use of pesticides, urbanisation and climate change, developments that now not only threaten animal and plant food chains but have potentially catastrophic implications for agriculture and food production.93 Some estimate that almost $600 billion worth of global crops are already at risk annually because of pollinator loss.94

With millions of hectares of tropical forests being cleared every year and chronic overfishing in the world’s oceans, animals are responding to climate change by changing their habitats – and their shapes and sizes. Some animals are responding to warmer climates by altering the ways that they thermoregulate, or cool themselves down, with limbs, ears, beaks and other appendages changing shape and size as a result of increased temperatures.95 Maternal heat stress reduces growth in calves, especially of organs linked to the immune system – which has obvious implications for both dairy and meat production.96

Land-based species on mountainsides are moving upslope to avoid warming lowlands, while fish have been driven deeper by warming sea surfaces. Terrestrial taxa are moving towards the poles by seventeen kilometres per decade and marine species are moving more than four times as far.97 Many species of butterflies and moths in the Himalayas have moved a thousand metres higher – or more – in search of better habitats.98 Marine animals such as fish, crustaceans and cephalopods (including octopus, squid and cuttlefish) are moving an average of fifty-five metres deeper in the Mediterranean in search of cooler waters.99

As it is, the average population sizes of vertebrate species that have been monitored closely have fallen by almost 70 per cent in the last fifty years.100 Bird numbers in North America have declined by nearly 3 billion since 1970, while more than 40 per cent of amphibian species are at risk.101 Models that estimate potential extinction rates not only show dramatic collapses, but likely underestimate falls in species abundance and distribution.102

Declines are not uniform – and in fact, although some species and ecosystems are collapsing, others are not doing so badly and, in some cases, are thriving, as the case of tree species in boreal forests in eastern Canada shows.103 Moreover, declines in some species open up opportunities for others.104 Some scientists also point out the importance of evaluating at the local rather than the global level, and suggest that catastrophic falls in some species populations should be assessed as clusters of extreme decline (or increase) rather than taken to illustrate general, widespread and potentially misleading patterns.105

Nevertheless, there is a wide consensus among scientists about an ongoing ‘biological annihilation’ taking place in front of our eyes that is now regularly referred to as a ‘mass extinction event’.106 Research on polar oceans suggests that changes to food webs are already under way with profound implications not only for marine but for global ecosystems.107 Many warn of a ‘cascading erosion of biodiversity’ and ‘co-extinctions’ affecting all levels of flora and fauna.108 The ‘sixth mass extinction’ is different to those that have gone before because this time an animal species is responsible – humans.109 One recent report spelt things out bluntly: ‘The scale of the threats to the biosphere and all its lifeforms – including humanity – is in fact so great that it is difficult to grasp, even for well-informed experts.’110

This book is not about what will happen in the future. Nor is its aim to challenge the overwhelmingly uniform voices of the scientific community, either on the basis of the current global conditions or through examining what steps might be taken to mitigate some or even many of the worst problems posed by climate change, whether through adaptation or the introduction of new technologies. Its aim, rather, is to look at the past and to understand and explain how our species has transformed the earth to the point that we now face such a perilous future.

Originally, I had thought I would write only about the history of how the climate shaped the world around us and about the ways in which modulations in global temperatures, rainfall and sea level – along with extreme events, such as major storms, volcanic eruptions and meteor strikes – have influenced the past, setting out moments, periods and themes that explain what an important role climate has played in global history.

However, it became clear very early on when I started thinking about this book that opening the door to climate, to changes in weather patterns and to human intervention in the natural world led on to a much bigger set of questions and challenges about the relationship between agricultural surplus and the origins of the bureaucratic state; about the connection between pastoralists and nomads on the one hand and sedentary societies in villages, towns and cities on the other; about the role and development of religions and belief systems as a function of climate, environment and geography; about race and slavery and their part in the process of extraction of resources; about the spread of foods, pathogens and disease; about demographics, poverty and consumption patterns in the centuries since the industrial revolution; about globalisation, the standardisation of industry, agriculture, food and fashion in the last century; about why the twenty-first century is at a moment of crisis.

So this book has three goals. The first is to reinsert climate back into the story of the past as an underlying, crucial and much overlooked theme in global history and to show where, when and how weather, long-run climate patterns and changes in climate – anthropogenic and otherwise – have had an important impact on the world. The second is to set out the story of human interaction with the natural world over millennia and to look at how our species exploited, moulded and bent the environment to its will, both for good and for ill.

And the third is to expand the horizons of how we look at history. Study of the past has been dominated by the attention paid to the ‘global north’, that is the wealthy societies of Europe and North America, with the history of other continents and other regions often relegated to secondary significance or ignored entirely. That same pattern applies to climate science and research into climate history, where there are vast regions, periods and peoples that receive little attention, investment and investigation – something that speaks volumes about long-accepted perspectives of the past as well as about how academic funding (and intellectual silos) develop and deepen in practice.

If that points to one fundamental reason to reassess history, so too does the heavy overemphasis by historians on towns and cities and on states that resemble each other in terms of leadership, bureaucracy and behaviour. Indeed, ‘civilisation’ itself literally refers to the life of cities, of those who lived in them and who projected power and ruled from them. This is reflected in most written historical materials – narrative accounts, records of land sales, tax receipts and so on – that served to reinforce the administration of hierarchies. Much of history has been written by people living in cities, for people living in cities, and has focused on the lives of those who lived in cities. This skews the way we look at the past and at the world around us.111

And yet ‘civilisation’ is by far the single greatest factor in environmental degradation and the most important cause of anthropogenic climate change – because of the demands that the populations of cities place on energy and on the consumption of natural resources, including food and water. Although cities occupy only 3 per cent of the earth’s land surface, urban areas accommodate more than half the world’s population. Cities are not only responsible for a substantial proportion of global warming, but they will also be greatly affected by it in coming decades.112

It is no coincidence, then, that the last century, which has seen a rapid expansion in the number, size and populations of cities, has also seen the most serious depletions of the environment and the most rapid growth in the rates of consumption. As cities rise, so too do pressures on nature, biodiversity and sustainability through changes in land use and cover, because of the modification of hydrologic systems and as a result of the impact of altered and compromised biogeochemical cycles.113 In the years 2001–18 alone, built-up areas in China expanded by 47.5 per cent, while in the US they increased by 9 per cent. Indeed, the world’s population living in cities is forecast to rise by some 3 billion to around 7 billion by 2050 based on current demographic trends.114 To put that in historical perspective, just over 15 per cent of the global population lived in towns and cities in 1900; by 2050, more than 70 per cent will do so.115

New technologies speeding up and driving down costs of production have spurred radical shifts in manufacturing, transportation and consumption patterns. More than 75 per cent of all the virgin plastics ever created are estimated to have become waste, of which about 9 per cent has been recycled, 12 per cent incinerated and the remainder – about 5 billion metric tons, or around 60 per cent of all plastics ever produced – has accumulated in landfill or in the natural environment.116

By some measures, while human-made mass – such as concrete, construction materials and metals – was equal to about 3 per cent of global biomass a century or so ago, today it exceeds it. On average today, further human-made mass that is more than the equivalent of the body weight of every person on earth is produced every single week, a phenomenon closely linked to the rise of cities and megacities, and to high levels of consumption of food, water, energy and non-perishable goods.117 This in turn is connected to globalisation and to supply chains and networks that form both a virtuous circle of hyperconnectivity, standardisation, high velocities of exchange and low prices, and a vicious circle of extraction, resource depletion and environmental damage.

Throughout history, on the other hand, peasants, pastoralists and nomads, indigenous peoples and hunter-gatherers, who have had to understand the limitations of the land and adapt to even modest changes, have been either written out of the story of the past or typified as barbaric, erratic and primitive. One who has no need for the city, wrote Aristotle, ‘is either an animal or a god’.118 Nomads in Central Asia had been ‘abandoned by heaven’, stated a Chinese author a few centuries later; Ibn Faḍlān, writing in the tenth century, agreed after meeting mobile pastoralists: they ‘live in poverty, like wandering asses’, he wrote. ‘They do not worship God, nor do they have any recourse to reason.’119

These attitudes persist today in many parts of the world, often manifested in the creation and funding of wildlife reserves that evict local populations to create what look to city inhabitants like natural paradises since they are devoid of humans. One good example of this comes from the Grand Canyon, ‘a natural wonder which … is absolutely unparalleled throughout the rest of the world’, according to President Theodore Roosevelt after his visit in 1903. ‘Man can only mar it,’ he added in a telling statement of how the ‘natural’ can be seen as pure and unblemished only if kept free of human intervention. Just over a decade later, the Grand Canyon became a national park, imposing restrictions and controls over lands that had been lived on by the Havasupai and other indigenous peoples for more than 700 years.120

In today’s world, we see regular, aggressive, overtly racist campaigns against indigenous peoples, hunter-gatherers and foragers such as Bushmen in Botswana, the Baka in West Africa, Adivasi peoples in India or traditional nomads in large parts of Central Asia, invariably laced with insults about supposedly ‘primitive’ ways of life. This is ironic given that indigenous populations maintain forest levels well, storing more carbon as a result, as well as developing strategies that support biodiversity conservation and good long-term stewardship of the environment.121

One of the difficulties of writing history is that there are inevitably major gaps in coverage. It is true that scholars are using new and increasingly sophisticated ways to interpret the oral histories of societies which did not produce literary forms, such as in the American south-west or in the Mount Saint Elias region in what is now northern Canada and Alaska.122 However, the lack of written materials from many parts of the world, such as Australia or southern Africa, means that inevitably a book like this cannot be fully balanced in terms of its geographic focus. The fact that most climate research by scientists is focused on and based in countries that are well explored and well resourced compounds the problem of imbalance. This is particularly ironic given that the greatest impact of climate change will be felt in the poorest regions and countries, precisely those whose voices have been silent or ignored by history for decades, centuries and millennia.123

Such problems cannot be solved by one book. But what a book can do is provide a broader perspective, and introduce themes, regions and questions that can help push the boundaries of history and of historical research in the future. Perhaps, too, it can offer some grounds for optimism, as well as constructive suggestions for how to best navigate a time not only of profound climatic but also of technological, political and economic change.

Writing this book has taught me a great many lessons about how we conceptualise the world around us. But it has also made me realise that the reason we are at such a dangerous intersection is the result of trends that have deep roots in the past. As far back as written records go, people worried about human interaction with nature and warned of the dangers of overexploitation of resources and of long-term damage to the environment. It may well be that we are now on the verge of finally becoming victims of our own success as a species, and that the stresses and strains that our behaviour has put on ecosystems has pushed us close to or even beyond a tipping point that has catastrophic consequences. We cannot say, however, that we were not warned.





1 The World from the Dawn of Time (c.4.5bn–c.7m bc)


In the beginning when God created the heavens and the earth, the earth was a formless void …

Book of Genesis, 1:1



We should all be grateful for dramatic changes to global climate. Were it not for billions of years of intense celestial and solar activity, repeated asteroid strikes, epic volcanic eruptions, extraordinary atmospheric change, spectacular tectonic shifts and constant biotic adaptation, we would not be alive today. Astrophysicists talk of habitable regions around stars that are not too hot and not too cold as being in the ‘goldilocks zone’. The earth is one of many such examples. But conditions have changed constantly and sometimes catastrophically since the creation of our planet around 4.6 billion years ago.1 For almost all the time that the earth has existed, our species would not and could not have survived. In today’s world, we think of humans as architects of dangerous environmental and climate change; but we are prime beneficiaries of such transformations in the past.

Our role on this planet has been an exceptionally modest one. The first hominins appeared only a few million years ago, and the first anatomically modern humans (including Neanderthals) around 500,000 years ago.2 What we know of the period since then is patchy, difficult to interpret and often highly speculative. As we get closer to the modern day, archaeology helps us understand more reliably how people lived; but to know what they did, thought and believed we have to wait till the development of full-writing systems around 5,000 years ago. To put that into context, accounts, documents and texts that allow us to reconstruct the past with nuance and detail cover around 0.000001 per cent of the world’s past. We are not just fortunate to exist as a species, but in the grand scheme of history we are new and very late arrivals.

Like rude guests who arrive at the last minute, cause havoc and set about destroying the house to which they have been invited, human impact on the natural environment has been substantial and is accelerating to the point that many scientists question the long-term viability of human life. That in itself is not unusual, however. For one thing, our species is not alone in transforming the world around us, for other species of biota – that is to say, flora, fauna and microorganisms – are not passive participants in or simple bystanders to a relationship that exists solely or even primarily between humans and nature. Each is actively involved in processes of change, adaptation and evolution – sometimes with devastating consequences.

This is one reason why some scholars have criticised the idea and the name of the ‘Anthropocene’, which prioritises humans into ‘a distinguished species’ that has claimed the right to identify what is and is not wild, to classify ‘resources’ as ones that can be used – sustainably or otherwise. Such, argue some, is the ‘arrogance that greatly overestimates human contributions while downplaying those of other life forms almost to the point of nonexistence’.3

For around half the earth’s existence, there was little or no oxygen in the atmosphere. Our planet was formed through a long period of accretion, or gradual accumulation of layers, followed by a major collision with a Mars-sized impactor – which released enough energy to melt the earth’s mantle and create the earliest atmosphere from the resultant exchange between a magma ocean and vapour that was anoxic, that is to say, lacking in oxygen.4

The earth’s biogeochemical cycles eventually resulted in a radical transformation. Although there is considerable debate about how, when and why oxygenic photosynthesis occurred, evidence from organic biomarkers, fossils and genome-scale data suggests that cyanobacteria evolved to absorb and take energy from sunlight, using it to make sugars out of water and carbon dioxide, releasing oxygen as a by-product. New models suggest that 1 to 5 billion lightning flashes that occurred per year on early earth may have been the source of large volumes of prebiotic reactive phosphorus that played an important role in the emergence of terrestrial life.5

Around 3 billion years ago – if not earlier – enough oxygen was being produced to create ‘oases’ in protected nutrient-rich shallow marine habitats.6 Whether because of chemical reaction, evolutionary development, sudden superabundance of cyanobacteria, volcanic eruptions or a slowdown in the earth’s rotation (or a combination of all five), atmospheric oxygen levels accumulated rapidly around 2.5–2.3 billion years ago, resulting in an episode known as the Great Oxidation Event. This was a key moment that paved the way for the emergence of complex life as we know it.7

It also led to dramatic changes in climate, as rapidly increasing oxygen reacted with methane, producing water vapour and carbon dioxide. Alongside the effects of a supercontinent being formed from the collisions of landmasses, the earth’s greenhouse was weakened, leading to the planet being covered completely in ice and snow.8 Changes in the earth’s orbit around the sun, known as the Milankovitch cycle, may also have played a role in this process.9 So too, might giant meteorite impacts which not only threw up debris into the atmosphere that blocked the sun’s light and heat but also played an important role in the formation of the continents.10 The glacial episodes may have been weaker or stronger over the course of several hundred million years, but in general the effect of ‘Snowball Earth’ was so dramatic that some scientists refer to this period as a whole as a ‘climate disaster’.11

This process was precarious and complex, and is the subject of considerable advances in current research.12 As with later glaciations, however, it resulted in profound changes for the planet’s plant and animal life.13 One outcome appears to have been the evolution of small organisms into larger sizes, capable of moving at faster speeds to compensate for the high viscosity of cold seawater.14 It has recently been suggested that the formation of 8,000-kilometre long belts of ‘supermountains’ may have played a role in the rise of atmospheric oxygen and in stimulating biological evolution as a result of phosphorus, iron

















[image: A simple greyscale graph entitled “Deep ocean temperature from the Paleocene to the present”. The vertical axis depicts deep ocean temperatures in degrees Celsius while the horizontal axis indicates age (million years BP). A second vertical axis on the right indicates foraminiferal stable isotope ratio, starting at 5.0 and going up to 0.00 and then one increment at -0.5. The Palaeocene ended with a maximum of just under 14, at a sudden spike that returned to just under 11 at the start of the Eocene that gradually ascended to around 14 before gradually descending with a few spikes along the way all the way to around 4.5 at the start of the Oligocene. From there it fluctuated, rising to a maximum of around 4 but n ever going below about -0.3. It was much the same throughout the Miocene which then started seeing a gradual decent. By the Pliocene the foraminiferal stable isotope ratio is between 5.0 and 3.0.]
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