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Average global temperatures have risen approximately 1.2°C since the pre-industrial age.1

In the Intergovernmental Panel on Climate Change’s (IPCC) 2021 report a group of 234 top scientists from 66 countries concluded that ‘it is unequivocal that human influence has warmed the atmosphere, ocean and land. Widespread and rapid changes in the atmosphere, ocean, cryosphere and biosphere have occurred.’

[image: ]
1 Experts sometimes cite differing figures for this increase in global temperatures, within a range of 1–1.3°C. This occurs because scientists use different years for the start of the industrial age, some calculate this using the average temperature from the last decade, and there are minor year-to-year fluctuations in temperature.
Greenhouse gas emissions – which include carbon dioxide, methane, nitrous oxide and fluorinated gases – from human activities have risen to concentrations in the atmosphere that have not been seen in millions of years, since a time when trees grew at the South Pole and the sea level rose by 20 metres.
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Despite dire warnings in the 1980s and 1990s, we have emitted more CO2 since 1991 than in the rest of human history.

According to the IPCC’s estimate, our remaining carbon budget for a 67 per cent chance of limiting warming to 1.5°C at the beginning of 2020 was 400 gigatonnes.2 At the current rate of emissions, we will exceed this carbon budget before 2030.
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Some countries are vastly more historically responsible for emissions than others; the largest emitters released hundreds of billions of tonnes of CO2 into the atmosphere between 1850 and 2021.

[image: ]
2 The carbon budget is the maximum amount of CO2 that humanity can emit while still having a chance at limiting warming to 1.5°C or 2°C.

In 2015, nearly every country in the world – 195 in total – committed to the Paris Agreement. The goal of the Paris Agreement is to limit global warming to well below 2°C, and ideally below 1.5°C, compared to pre-industrial levels.

The world is not on track to meet these goals. There is a vast gap between the promises governments have made and the actions they have taken. Many emissions – such as those from international transport and shipping, as well as many of those associated with the military – go unrecorded or are unaccounted for.

Based on current policies, the IPCC estimates that global warming will reach 3.2°C by 2100.
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Frozen bubbles of methane in Lake Baikal, Russia.
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1.1

To solve this problem, we need to understand it

Greta Thunberg

The climate and ecological crisis is the greatest threat that humanity has ever faced. It will no doubt be the issue that will define and shape our future everyday life like no other. This is painfully clear. In the last few years, the way we see and talk about the crisis has started to shift. But since we have wasted so many decades ignoring and downplaying this escalating emergency, our societies are still in a state of denial. This is, after all, the age of communication, where what you say can easily outweigh what you do. That is how we have ended up with such a great number of major fossil-fuel-producing – and high-emitting – nations calling themselves climate leaders, despite not having any credible climate mitigation policies in place. This is the age of the great greenwashing machine.

There are no black-and-white issues in life. No categorical answers. Everything is a subject for endless debate and compromise. This is one of the core principles of our current society. A society which, when it comes to sustainability, has a lot to answer for. Because that core principle is wrong. There are some issues that are black and white. There are indeed planetary and societal boundaries that must not be crossed. For instance, we think our societies can be a little bit more or a little bit less sustainable. But in the long run you cannot be a little bit sustainable – either you are sustainable or you are unsustainable. It is like walking on thin ice – either it carries your weight, or it does not. Either you make it to the shore, or you fall into the deep, dark, cold waters. And if that should happen to us, there will not be any nearby planet coming to our rescue. We are completely on our own.

It is my genuine belief that the only way we will be able to avoid the worst consequences of this emerging existential crisis is if we create a critical mass of people who demand the changes required. For that to happen, we need to rapidly spread awareness, because the general public still lacks much of the basic knowledge that is necessary to understand the dire situation we are in. My wish is to be part of the effort to change that.

I have decided to use my platform to create a book based on the current best available science – a book that covers the climate, ecological and sustainability crisis holistically. Because the climate crisis is, of course, only a symptom of a much larger sustainability crisis. My hope is that this book might be some kind of go-to source for understanding these different, closely interconnected crises.

In 2021, I invited a great number of leading scientists and experts, and activists, authors and storytellers to contribute with their individual expertise. This book is the result of their work: a comprehensive collection of facts, stories, graphs and photographs showing some of the different faces of the sustainability crisis with a clear focus on climate and ecology.

It covers everything from melting ice shelves to economics, from fast fashion to the loss of species, from pandemics to vanishing islands, from deforestation to the loss of fertile soils, from water shortages to Indigenous sovereignty, from future food production to carbon budgets – and it lays bare the actions of those responsible and the failures of those who should have already shared this information with the citizens of the world.

There is still time for us to avoid the worst outcomes. There is still hope, but not if we continue as we are today. To solve this problem, we first need to understand it – and to understand the fact that the problem itself is by definition a series of interconnected problems. We need to lay out the facts and tell it like it is. Science is a tool, and we all need to learn how to use it.

We also need to answer some fundamental questions. Like, what is it, exactly, we want to solve in the first place? What is our goal? Is it to lower emissions, or to be able to go on living as we are today? Is our goal to safeguard present and future living conditions, or is it to maintain a high-consumption way of life? Is there such a thing as green growth? And can we have eternal economic growth on a finite planet?

Right now, many of us are in need of hope. But what is hope? And hope for whom? Hope for those of us who have created the problem, or for those who are already suffering its consequences? And can our desire to deliver this hope get in the way of taking action and therefore risk doing more harm than good?

The richest 1 per cent of the world’s population are responsible for more than twice as much carbon pollution as the people who make up the poorest half of humanity.

Perhaps, if you are one of the 19 million US citizens or the 4 million citizens of China who belong to that top 1 per cent – along with everyone else who has a net worth of $1,055,337 or more – then hope is perhaps not what you need the most. At least not from an objective perspective.

Of course, we hear, some progress is being made. Some nations and regions report quite astonishing reductions in CO2 emissions – or at least in the years since the world first started negotiating the frameworks for how we manage our statistics. But how do all those reductions hold up once we include our total emissions, rather than carefully managed territorial statistics? In other words, all those emissions that we so successfully negotiated out of these figures. For instance, outsourcing factories to distant parts of the world and negotiating emissions from international aviation and shipping out of our statistics – which means that we not only manufacture our products by using cheap labour and exploiting people, we also erase the associated emissions – emissions that have, in reality, increased. Is that progress?

To stay in line with our international climate targets we need to get our individual per capita emissions down to somewhere around 1 tonne of carbon dioxide a year. In Sweden, that figure currently stands at around 9 tonnes, once you include consumption of imported goods. In the US that figure is 17.1 tonnes, in Canada 15.4 tonnes, in Australia 14.9 tonnes and in China 6.6 tonnes. When you add biogenic emissions – such as emissions from the burning of wood and vegetation – those figures will in many cases be even higher. And in forestry nations such as Sweden and Canada, significantly higher.

[image: Global income and associated lifestyle emissions]


	World population by income (deciles)
	Percentage of CO2 emissions by world population

	Richest 10%	49.0%	Richest 10% responsible for almost half of total lifestyle consumption emissions
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Keeping emissions below 1 tonne per person a year will not be a problem for the majority of the world’s population, since they will only need to make modest reductions – if any – in order to live inside the planetary boundaries. In many cases, they would even be able to increase their emissions quite substantially.

But the idea that countries such as Germany, Italy, Switzerland, New Zealand, Norway, and so on will be able to achieve such enormous reductions within a couple of decades without major systemic transformations is naive. And still this is what the leaders of the so-called Global North are suggesting will happen. In Part Four of this book we will be looking at how that progress is coming along.

Some people believe that if they were to join the climate movement now, they would be among the last. But that is very far from true. In fact, if you do decide to take action now, you would still be a pioneer. The final part of this book focuses on solutions and things we can actually do to make a real difference, from small, individual actions to a planetary system change.

This book is intended to be democratic, because democracy is our best tool to solve this crisis. There may be subtle disagreements between the people writing from the front lines. Each person in this book is speaking from their own point of view and may arrive at different conclusions. However, we need all of their collective wisdom if we are to create the enormous public pressure required to make change. And rather than having one or two ‘communication experts’ or individual scientists drawing all the conclusions for you as a reader, the idea behind this book is that, taken together, their knowledge in their respective areas of expertise will lead you to a point where you can start to connect the dots yourself. At least, this is my hope. Because I believe the most important conclusions are yet to be drawn – and hopefully they will be drawn by you. /

1.2

The Deep History of Carbon Dioxide

Peter Brannen

All life is conjured from CO2. This is the original magic trick, from which everything else in the living world follows. At Earth’s surface, with mere sunlight and water, it is transformed into living matter through photosynthesis, leaving oxygen in its wake. This plant carbon then flows through animal bodies and ecosystems and back out into the oceans and air as CO2 once again. But some of this carbon slips the churn of the surface world altogether and passes into the Earth – as limestone, or as carbon-rich sludge, slumbering deep in the planet’s crust for hundreds of millions of years. If it isn’t buried, this plant stuff is quickly burned on Earth’s surface in the fires of metabolism, by animals, fungi, bacteria. In this way, life uses up 99.99 per cent of the oxygen produced by photosynthesis – and would use it all, if it weren’t for that infinitesimal leak of plant matter into the rocks. But it is from this leak into the rocks that the planet has been gifted its strange surplus of oxygen. In other words, the Earth’s breathable atmosphere is the legacy not of forests and swirls of plankton alive today but of the CO2 captured by life over all of our planet’s history and commended to Earth’s crust as fossil fuels.

If this was the end of the story, and CO2 was merely the fundamental substrate of all living things on Earth and the indirect source of its life-sustaining oxygen, that would be interesting enough. But it just so happens that this same unassuming molecule also critically modulates the temperature of the entire planet and the chemistry of the entire ocean. When this carbon chemistry goes awry, the living world is warped, the thermostat breaks, the oceans acidify and things die. This astounding significance of carbon dioxide to every component of the Earth system is why it’s not just another noisome industrial pollutant to regulate, like chlorofluorocarbons or lead. It is rather, as the oceanographer Roger Revelle wrote in 1985, ‘the most important substance in the biosphere’.

The most important substance in the biosphere is not one to be treated cavalierly. The movement of CO2 – as it billows from volcanoes, stirs into the air and oceans, swirls through eddies of life and soaks back into the rocks again – is what makes the Earth the Earth. This is called the carbon cycle, and life on Earth crucially depends on this global cycle maintaining a kind of delicate, if dynamic, balance. While CO2 perennially issues from volcanoes (at a hundredth the rate of human emissions) and living organisms exchange it in a ceaseless frenzy at the Earth’s surface, the planet is meanwhile constantly scrubbing it from the system at the same time, preventing climate catastrophe. Feedbacks that draw down CO2 – from the erosion of whole mountain chains to the sinking of blizzards of carbon-rich plankton to the bottom of the sea – serve to maintain a kind of planetary equilibrium. Most of the time. This is an unlikely, miraculous world we live on, and one that we recklessly take for granted.

Sometimes in the geologic record, though, the planet has been pushed beyond a threshold. The Earth system can bend, but it can also break. And sometimes – in exceedingly rare, exceedingly catastrophic episodes buried deep in Earth history – the carbon cycle has been completely overwhelmed, undone, spun out of control. And the reliable consequence has been mass extinction.

What would happen if, say, continent-scale volcanoes, burning through kingdoms of carbon-rich limestone and igniting massive coal and natural gas deposits underground, injected thousands of gigatonnes of CO2 into the air – from exploding calderas and from steaming, incandescent expanses of basalt lava? This was the predicament for the hapless creatures alive 251.9 million years ago, in the moments before the greatest mass extinction in the history of life on Earth. At the end of the Permian period, 90 per cent of this life would learn the fatal cost of a carbon cycle completely deranged by too much carbon dioxide.

In the End-Permian mass extinction, carbon dioxide blasted out of Siberian volcanoes for thousands of years and nearly ended the project of complex life. All the normal guardrails in the carbon cycle buckled and failed in this, the single worst moment in the entire geologic record. The temperature soared by 10°C, the planet convulsed with lethally hot, acidifying oceans which pulsed with lurid blooms of algal slime that robbed their ancient waters of oxygen. This anoxic ocean instead filled with poisonous hydrogen sulphide as hurricanes roared overhead, taking on an unearthly intensity. In the aftermath, when the fever finally broke, one could travel the world without seeing a tree, the world’s coral reefs had been replaced by bacterial slime, the fossil record went silent and the planet took nearly 10 million years to pull itself back from oblivion. Thanks, in large part, to burning fossil fuels.

Every single mass extinction in Earth history is similarly marked by massive disruptions of the global carbon cycle, the signals of which have been teased out of the rocks by geochemists. Given the central importance of CO2 to the biosphere, perhaps we shouldn’t be surprised to find that pushing this system so far from equilibrium can so reliably result in planetary devastation.

Now, what if one lineage of the primate Homo tried to do the exact same thing as those ancient volcanoes hundreds of millions of years ago? What if they immolated those same massive reservoirs of underground carbon – buried by photosynthetic life over all of Earth history – not by mindlessly exploding it all through the crust like a supervolcano but in a rather more mannered fashion, retrieving it from the deep and burning it all at the surface in a more diffuse eruption, in the pistons and forges of modernity … and at a rate ten times that of the ancient mass extinctions? That is the absurd question we now demand the planet answer for us.

The climate is not responsive to political sloganeering; it is not accountable to economic models. It is accountable only to physics. It doesn’t know, or care, whether the excess CO2 in the atmosphere comes from a once-in-a-100-million-year volcanic event or from a once-in-the-history-of-life industrial civilization. It will react the same way. And we have in the rocks an unmistakable warning – a fossil record littered with the tombstones of ancient apocalypses. The good news is that we’re still a long way from matching the gruesome crescendos of those cataclysms past. And it could even be the case that the planet is more resilient to carbon cycle shocks today than in those very bad old days. There is no reason we need to etch our names on this ignominious roster of the worst events ever in Earth history. But if the rocks tell us anything, it is that we are pulling the most powerful levers of the Earth system. And we pull them at our peril. /


This is an unlikely, miraculous world we live on, and one that we recklessly take for granted.



1.3

Our Evolutionary Impact

Beth Shapiro

The earliest evidence of humans as an evolutionary force comes from the fossil remains recovered at the earliest sites of human occupation on the planet’s continents and islands. As people dispersed out of Africa more than 50,000 years ago and spread around the globe, the communities they joined began to change. Animal species, and particularly megafauna, including giant wombats, woolly rhinoceroses and giant sloths, started to go extinct. Our ancestors were efficient predators armed with uniquely human technologies – tools that improved the chance of a successful hunt and an ability to communicate and quickly refine these tools. The coincidence in timing of the megafaunal extinctions and the first appearance of people is recorded in the fossil records of every continent other than Africa. But coincidence does not necessarily prove causality. In Europe, Asia and the Americas, human arrival and the extinctions of local megafauna occurred during periods of climatic upheaval, leading to decades of debate about the relative culpability of these two forces in causing the megafaunal extinctions. Proof of our culpability comes, however, from Australia, where the earliest extinctions tied to humans are recorded, and from islands, where some of the most recent human-caused extinctions – the moa of Aotearoa (New Zealand) and the Mauritian dodo both became extinct within the last several hundred years – have taken place. The Australian and more recent island extinctions did not occur during periods of major climate change, and neither are extinctions recorded during more ancient climate events. Instead, these extinctions, like those on other continents, are the consequence of changes to the local habitat brought about by the appearance of people. In our earliest phase of interacting with wildlife, we had already begun to determine other species’ evolutionary fate.

By 15,000 years ago, humans had entered a new phase of interactions with other species. Grey wolves that had been attracted to human settlements as sources of food had transformed into domestic dogs, and both dogs and humans were benefitting from their increasingly close relationship. The last ice age ended and the climate improved, and expanding human settlements demanded reliable sources of food, clothing and shelter. Around 10,000 years ago, people began to adopt hunting strategies that sustained prey populations rather than driving them towards extinction. Some hunters took only males or non-reproductive females, and later started to corral prey species and keep them close to their settlements. Soon, people began to choose which animals would be the parents to the next generation, and those animals that could not be tamed were taken for food. Their experiments were not limited to animals. They also planted seeds, choosing to propagate those that produced more food per plant or were ripe for harvest at the same time as others. They created irrigation networks and trained animals to clear land for farms. As our ancestors transitioned from hunters to herders and from gatherers to farmers, they transformed the land on which they lived and the species on which they increasingly relied.

By the turn of the twentieth century, the successes of our ancestors as herders and farmers were threatening the stability of the societies that they created. Wildlands had been replaced by farmland or rangeland and degraded by continuous use. Air and water quality had begun to decline. Extinction rates were again on the rise. This time, however, the devastation was more obvious, people were wealthier and technology was more advanced. As once-widespread species became scarce, an appetite emerged to protect what wild species and spaces remained. Our ancestors once again entered a new phase of interactions with other species: they became protectors, guarding endangered species and habitats from the dangers of the natural and increasingly human world. With this transition, humans became the evolutionary force that would decide the fate of every species, as well as the habitats in which these species live. /


We are the evolutionary force that will decide the fate of every species, as well as the habitats in which those species live.



1.4

Civilization and Extinction

Elizabeth Kolbert

The beginning of this story is shrouded in mystery.

Around 200,000 years ago, in Africa, a new species of hominin evolved. No one knows exactly where, or who its immediate ancestors were. Members of this species, which we now call ‘anatomically modern humans’, or Homo sapiens, or, simply, ourselves, were distinguished by their rounded skulls and pointy chins. They were lighter in build than their relatives and had smaller teeth. Though physically not very prepossessing, they were, it seems, unusually clever. They produced tools that were at first rudimentary and gradually grew more sophisticated. They could communicate not just across space but across time. They were able to live in very different climates and, perhaps just as importantly, to adjust to different diets. Where game was abundant, they hunted it; where shellfish were available, they consumed those instead.

This was the Pleistocene, a time of recurring glaciations, and much of the world was covered in vast sheets of ice. Nevertheless, around 120,000 years ago – perhaps even earlier – our species, no longer so new, began to press north. Humans reached the Middle East by 100,000 years ago, Australia by around 60,000 years ago, Europe by 40,000 years ago and the Americas by 20,000 years ago. Somewhere along the way – probably in the Middle East – Homo sapiens encountered their stockier cousins, Homo neanderthalensis, better known as Neanderthals. Humans and Neanderthals had sex – whether consensual or forced is impossible to say – and produced children. At least some of these children must have survived long enough to have children of their own, and so on through the generations, because today most people on Earth possess a smattering of Neanderthal genes. Then something happened, and the Neanderthals disappeared. Perhaps humans actively did them in. Or perhaps they just outcompeted them. Or perhaps, as a group of researchers at Stanford University recently theorized, humans carried with them tropical diseases their more cold-adapted cousins couldn’t cope with. In any event, almost certainly the ‘something’ that happened to Neanderthals involved humans. As Svante Pääbo, a Swedish researcher who led the team that deciphered the Neanderthal genome once put it to me, ‘their bad luck was us’.

The Neanderthals’ experience would prove to be unremarkable. When humans arrived in Australia, the continent was home to an assemblage of extraordinarily large beasts. These included marsupial lions, which, pound for pound, had the strongest bite of any known mammal; Megalania, the world’s largest monitor lizards; and diprotodons, also sometimes referred to as rhinoceros wombats. Over the course of the next several thousand years, all of these giant creatures disappeared. When humans arrived in North America, it hosted its own menagerie of oversized animals, including mastodons, mammoths, and beavers that grew to be 8 feet long and weigh 200 pounds. They, too, died off. Ditto for the giants of South America – massive sloths, giant armadillo-like creatures known as glyptodonts, and a genus of rhinoceros-sized herbivores known as Toxodon. The loss of so many large species in such a (geologically speaking) short amount of time was so dramatic it was noted back in Darwin’s day. ‘We live in a zoologically impoverished world, from which all the hugest, and fiercest, and strangest forms have recently disappeared,’ Darwin’s rival Alfred Russel Wallace observed in 1876.

Scientists have been debating the cause of the so-called megafauna extinction ever since. It’s now known that the extinction took place at different times on different continents, and that the order in which species became extinct corresponds to that in which human settlers showed up. In other words, ‘their bad luck was us’. Researchers who have modelled human–megafauna encounters have found that even if bands of hunters picked off a mammoth or a giant ground sloth only once a year or so, this would have been enough, over the course of several centuries, to drive such slow-reproducing species over the brink. John Alroy, a biology professor at Australia’s Macquarie University, has described the megafauna extinction as ‘a geologically instantaneous ecological catastrophe too gradual to be perceived by the people who unleashed it’.

Meanwhile, people continued to spread. The last large landmass to be settled by humans was New Zealand; Polynesians arrived there sometime around the year 1300, probably from the Society Islands. At that point, New Zealand’s North and South islands were home to nine species of moa – ostrich-like birds that grew to be almost the size of giraffes. Within a few centuries, all the moas were gone. In this case, the cause of their demise is clear: they were butchered. A Māori saying, Kua ngaro I te ngaro o te moa, translates as ‘Lost as the moa was lost.’

When Europeans began to colonize the world, in the late fifteenth century, the pace of extinction increased. The dodo, native to the island of Mauritius, was first noted by Dutch sailors in 1598; by the 1670s, it was gone. This was probably partly the result of slaughter and partly the result of introduced species. Wherever the Europeans went, they brought with them rats, in their case ship rats. The Europeans also, often purposely, introduced other predators, like cats and foxes, which pursued many species the rats left alone. Since the first European colonists arrived in Australia, in 1788, dozens of animals have been exterminated by introduced species, including the big-eared hopping mouse, which was decimated by cats, and the eastern hare-wallaby, which may also have been killed off by cats. Since the British started settling in New Zealand, around the year 1800, another twenty species of birds have become extinct, including the Chatham Islands penguin, the Dieffenbach’s rail and the Lyall’s wren. A recent study published in the journal Current Biology estimated it would take 50 million years of evolution for New Zealand’s avian diversity to return to pre-human-settlement levels.

All this damage was done with relatively simple tools – clubs, sailing boats, muskets – and a few highly prolific introduced species. Then came the mechanized killing. Towards the end of the nineteenth century hunters armed with punt guns, which could fire nearly a pound of birdshot at once, managed to do in the passenger pigeon, a North American bird that once numbered in the billions. Around the same time, hunters shooting from trains managed to nearly wipe out the American bison, a species once so plentiful its herds were described as ‘thicker than … stars in the firmament’.

Our most dangerous weapon would prove to be modernity and its trusty sidekick, late capitalism. In the twentieth century human impacts began to increase not just linearly but exponentially. The decades following the Second World War were a time of unprecedented growth in population on the one hand and consumption on the other. Between 1945 and 2000 the number of people in the world tripled. During the same period water use quadrupled, the marine fish catch increased sevenfold and fertilizer consumption rose tenfold. Most of the population growth occurred in the Global South. Most of the consumption was driven by the US and Europe.

The ‘Great Acceleration’, as it’s often called, radically transformed the planet. As the environmental historian J. R. McNeill has observed, this wasn’t because people were doing anything new, exactly; it’s just that they were doing so much more of it. ‘Sometimes differences in quantity can become difference in quality,’ McNeill writes. ‘So it was with twentieth-century environmental change.’ At the start of the century agriculture occupied about 8 million square kilometres around the globe. By this point, people had been farming for some 10,000 years. Most of the great forests of Europe had long ago been felled, and the US’s forests and prairies, too, were largely gone. By the century’s close, more than 15 million square kilometres were under cultivation, meaning that in just ten decades people ploughed up as much land as they had in the previous ten millennia. The expansion entailed mowing down great stretches of the Amazon and Indonesian rainforests, areas high on the list of ‘biodiversity hotspots’. How many species were lost in the process is unknown; many probably vanished before they were even identified. Among the animals that are known to have disappeared are the Javan tiger, now extinct, and the Spix’s macaw, now extinct in the wild.

People didn’t start using fossil fuels in the twentieth century – the Chinese were already burning coal in the Bronze Age – but, for all intents and purposes, this is when the problem of climate change was invented. In 1900 cumulative carbon dioxide emissions totalled around 45 billion tonnes. By 2000 that figure was 1,000 gigatonnes, and since then it has – horrifyingly – increased to 1,700 gigatonnes. What proportion of the world’s flora and fauna can survive in a rapidly warming world is one of the great questions – perhaps the great question – of our time.

Most species alive today have persisted through multiple ice ages; clearly they were able to survive colder global temperatures. Whether they can handle warmer ones, though, is unclear; the world hasn’t been much hotter than it is today for millions of years. During the Pleistocene, even very small creatures, like beetles, migrated hundreds of miles to track the climate. Today, countless species are once again on the move, but unlike in the ice ages, their way is often blocked by cities, highways or soy plantations. ‘Certainly, our knowledge of their past response may be of little value in predicting any future reactions to climate change, since we have imposed totally new restrictions on [species’] mobility,’ Russell Coope, a British paleoclimatologist, has written. ‘We have inconveniently moved the goal posts and set up a ball game with totally new rules.’

Of course, there are also many species that just can’t move. In 2014 Australian researchers conducted a detailed survey of Bramble Cay, a tiny atoll in the Torres Strait. The cay had its own species of rodent, a rat-like creature known as the Bramble Cay melomys, which was the only mammal known to be endemic to the Great Barrier Reef. Owing to rising sea levels, the cay was shrinking, and the researchers wanted to know if the melomys was still there. It wasn’t, and in 2019 the Australian government declared the creature extinct. It was the first documented extinction to be attributed to climate change, though almost certainly many undocumented ones had preceded it.

Coral reefs themselves are highly vulnerable to climate change. Reef-building corals are tiny gelatinous animals; what lends corals their colour are the even tinier symbiotic algae that live inside their cells. When water temperatures spike, the symbiotic relationship between the corals and the algae breaks down. The corals expel the algae and turn white; this is what’s known as coral bleaching. Without their symbionts, the corals go hungry. If the episode doesn’t last too long, they can recover, but ocean temperatures are warming fast and bleaching events are growing both longer and more frequent. A 2020 study by a team of Australian researchers found that coral cover on the Great Barrier Reef has declined by half since 1995. Another 2020 study, by a team of American scientists, reported that, over the last fifty years, the majority of Caribbean reefs have been transformed into habitats dominated by algae and sponges. A 2021 study warned that the reefs of the western Indian Ocean are ‘vulnerable to ecosystem collapse’. It’s estimated that if reefs collapse, they could take with them species numbering in the millions.

The end of this story is, of course, also unknown. Over the last half a billion years, there have been five mass extinctions, each of which wiped out something like three quarters of the planet’s species. Scientists warn that we are now sliding towards another, the Sixth Extinction. This event has the distinction of being the first to be caused by a biological agent – us. Will we act in time to prevent it? /


Most species alive today have persisted through multiple ice ages; clearly they were able to survive colder global temperatures. Whether they can handle warmer ones, though, is unclear.
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The Hardy Reef Lagoon, Queensland. The Great Barrier Reef is the largest living structure on Earth, providing a habitat for nearly 9,000 species of marine life.

1.5

The science is as solid as it gets

Greta Thunberg

The remarkable climatological stability of the Holocene era enabled our species – Homo sapiens – to make the move from being hunter gatherers to being farmers who cultivated the land. The Holocene began about 11,700 years ago, as the last ice age came to an end. In this relatively brief period of time we have completely transformed our world – ‘our’, as in the world of humans. ‘Our world’, as in a world belonging to one specific species – and that species is us.

We developed farming, we built houses, we created languages, writing, mathematics, tools, currencies, religions, weapons, arts and hierarchical structures. Human society expanded at what was, from a geological perspective, an unbelievable speed. Then came the Industrial Revolution, which marked the beginning of the ‘Great Acceleration’. We went from going through an incredibly fast development to something else – something mind-blowing.

If the world’s history was translated into the time span of a single year, the Industrial Revolution would have occurred at roughly one and a half seconds to midnight, on New Year’s Eve. Since the rise of human civilization, we have cut down half of the trees in the world, wiped out more than two thirds of the wildlife and filled the oceans with plastics, as well as initiating a potential mass extinction and a climate catastrophe. We have begun destabilizing the very life-supporting systems we all depend on. We are, in other words, sawing off the branch we’re living on.

Yet the vast majority of us are still not fully aware of what is happening, and many simply do not seem to care. This is due to various factors, many of which will be explored in this book. One of them goes by the name of ‘shifting baseline syndrome’ or ‘generational amnesia’, which refers to the way we get used to new things and begin to see the world from a different perspective. An eight-lane motorway junction would probably have been unimaginable to my great-grandparents, but for my generation it is completely normal. To some of us, it even seems natural, safe and reassuring, depending on the circumstances. The distant lights of a megacity, an oil refinery glittering by the side of a dark freeway and bright airport runways lighting up the night skies are sights we are so used to that to many of us their absence would seem odd.

The same goes for the comfort some people find in overconsumption, among other things. The once unthinkable can very quickly become a natural – and even irreplaceable – part of our daily lives. And as we distance ourselves further and further from nature, the harder it becomes to remind ourselves that we are a part of it. We are, after all, an animal species among other animal species. We do not stand above the other elements that make up the Earth. We are dependent on them. We do not own this planet, no more than the frogs or the beetles, the deer or the rhinoceros own it. This is not our world, as Peter Brannen’s chapter reminds us.

The rapidly escalating climate and ecological crisis is a global crisis: it affects all living plants and beings. But to say that all of humankind is responsible for it is very, very far from the truth. Most people today are living well within the planetary boundaries. It is only a minority of us who have caused this crisis and who keep driving it forward. This is why the popular argument that ‘there are too many people’ is a very misleading one. Population does matter, but it is not people who are causing emissions and depleting the Earth, it is what some people do – it is some people’s habits and behaviour, in combination with our economic structures, that are causing the catastrophe.

The Industrial Revolution, which was fuelled by slavery and colonization, brought unimaginable wealth to the Global North, and in particular to a small minority of people living there. That extreme injustice is the foundation that our modern societies are built upon. This is the very heart of the problem. It is the sufferings of the many that have paid for the benefits of the few. Their fortune came at a price – namely oppression, genocide, ecological destruction and climatological instability. There is a bill for all this destruction that has not yet been paid. In fact, it hasn’t even been added up; it is still waiting to be invoiced.

So why does this matter? Why not, in an emergency like this, just let bygones be bygones and get on with finding solutions to our current problems? Why make things more difficult by bringing up some of the most complicated issues in the history of humanity? The answer is that this is not just a crisis happening here and now. The climate and ecological crisis is a cumulative crisis that ultimately dates back to the colonial era and beyond. It is a crisis based on the idea that some people are worth more than others and that they therefore have the right to steal other people’s land, resources, future living conditions – even their lives. And this is still going on.

Around 90 per cent of the CO2 emissions that make up our entire carbon budget have already been emitted – the carbon budget being the maximum amount of carbon dioxide we can collectively emit to give the world a 67 per cent chance of staying below 1.5°C of global temperature rise. This carbon dioxide has already been pumped into the atmosphere or into the oceans, where it will stay, disrupting the delicate balance in the biosphere for many centuries to come – not to mention the risk of passing many tipping points and triggering feedback loops over that same period of time. The budget of remaining CO2 we can emit while staying below the agreed targets is almost used up – but many low- and middle-income countries are yet to build the infrastructure that the wealth and welfare of higher-income countries are based upon, and for them to do so will require significant CO2 emissions. It would seem obvious that the 90 per cent of CO2 already emitted should be at the centre of our climate negotiations, or at least have some effect on the global climate discourse. What is happening, however, is the opposite. Our historical debt – among many other crucial aspects – is being completely ignored by the nations of the Global North.

Some argue that this all happened such a long time ago, that the people in power weren’t aware of the problems when they were building our energy systems and started mass-producing all the stuff that we consume. But they were aware, as Naomi Oreskes demonstrates in her essay. Evidence clearly shows that major oil companies such as Shell and ExxonMobil have known about the consequences of their actions for at least the past four decades. So did the nations of the world, as Michael Oppenheimer explains. Still, it remains true that over 50 per cent of all the anthropogenic (human-caused) carbon dioxide ever emitted has been emitted since the Intergovernmental Panel on Climate Change (IPCC) was founded and since the UN held its 1992 Earth Summit in Rio de Janeiro. So they knew. The world knew.

It goes back to those black-and-white issues. Some say that there are many shades in between, that things are complicated and the answers are never simple. But I say again, there are lots of black-and-white issues. Either you fall off a cliff, or you do not. Either we are alive, or we are dead. Either all citizens are allowed to vote, or they are not. Either women are given equal rights to men, or they are not. Either we stay below the climate targets set in the Paris Agreement and thus avoid the worst risks of setting off irreversible changes beyond human control, or we do not.

These issues are as black or white as it gets. When it comes to the climate and ecological crisis, we have solid unequivocal scientific evidence of the need for change. The problem is, all that evidence puts the current best available science on a collision course with our current economic system and with the way of life many people in the Global North now consider their right. Limitations and restrictions are not exactly synonymous with neoliberalism or modern western culture. Just look at how some parts of the world reacted to restrictions during the Covid-19 pandemic.

You can of course argue that there are different scientific views and opinions; that not every scientist agrees with every other scientist. And this is true: scientists spend huge amounts of time debating different aspects of their results – that is how science works. This argument can be used in countless topics of discussion, but it can no longer be used in connection with the climate crisis. That ship has sailed. The science is as solid as it gets.

What largely remains is tactics. How to package, frame and convey the information. How disruptive do scientists dare to be? Should scientists applaud the politicians’ inadequate proposals, because they are better than nothing, and because doing so might also help them to gain – or keep – a seat at the table? Or should the scientists risk being dismissed as alarmists and tell it like it is, even though that might lead to an increase in the number of people surrendering to defeat and apathy? Should they maintain a positive, hopeful, ‘glass is half full’ approach or should they set communication tactics aside and just focus on delivering the facts? Or perhaps a bit of both?

A big divider today is whether to include equity and historical emissions in discussions of the actions needed to tackle the environmental crisis. Since those figures have been negotiated out of our international frameworks, it is no doubt tempting to ignore them, as they will make a bleak message appear far bleaker. It does, however, make those who try to be holistic and include them appear far more alarmist than their colleagues, and that is a big problem. For instance, the prospect of Global North nations such as Spain, the US or France reaching net zero emissions by the year 2050 seems completely inadequate if you include the aspect of equity and historical emissions. But if you are, say, an American scientist aiming to reach a big domestic audience, you will probably not be too keen on dismissing the whole idea of net zero 2050 as totally insufficient. The idea of reaching net zero emissions in three decades is already considered extremely radical in the US discourse. And this tactic makes perfect sense. The problem, however, is that to make the Paris Agreement work on a global scale we have to include equity and historical emissions. There is no way around it. And it’s not as if we have the time to move the conversation along slowly.

We have come a long way from our hunter-gatherer ancestors. But our instincts have not been given enough time to keep pace. They still operate largely as they did 50,000 years ago, in another world, long before we developed farming, houses, Netflix and supermarkets. We are built for another reality altogether, and our brains find it hard to react to threats that aren’t immediate and sudden for many of us, threats like the climate and ecological crisis. Threats that we can’t see clearly because they are too complex, too slow-moving and too far away.

The evolution of Homo sapiens has, from a larger geological perspective, happened at the speed of light. Is this what is coming back to haunt us? Was our foundation built on unstable ground right from the start, tens of thousands of years before the beginning of the Industrial Revolution? Were we too gifted as a species? Too superior for our own good? Or can we change? Will we be able to use our skills, our knowledge and our technology to create a cultural shift that will make us change in time to avert a climate and environmental catastrophe? We are clearly capable of doing so. The question of whether we will is entirely up to us. /


If the world’s history was translated into the time span of a single year, the Industrial Revolution would have occurred at roughly one and a half seconds to midnight, on New Year’s Eve.



1.6

The Discovery of Climate Change

Michael Oppenheimer

In the beginning, it was a scientific curiosity rather than a problem. Svante Arrhenius, a Swedish chemist, evinced no concern when, in 1896, he published his now-famous prediction that by releasing carbon dioxide into the atmosphere through burning coal, humankind would gradually warm Earth by several degrees. His findings were almost universally ignored until the 1950s, when a handful of scientists pointed out that this warming might have catastrophic consequences. A decade later, a young meteorologist, Syukuro Manabe, developed the first modern computer simulations of the climate;fn1 his prediction of how hot Earth would become showed that Arrhenius was not far off base. In Manabe’s wake there came a new wave of scientific research that started to sketch a picture of progressively worsening impacts, and by the late 1970s a scientific consensus had emerged on how much Earth might warm once carbon dioxide levels in the atmosphere doubled. I was a graduate student in chemical physics when I first heard of ‘the greenhouse effect’ from a 1969 issue of Technology Review, and the idea that humans could come to control Earth’s climate scared the hell out of me. Gradually it dawned on me that I could constructively channel this worry and contribute to fixing the problem by combining my interest in politics with my expertise on Earth’s atmosphere. I joined a growing chorus of scientists raising the alarm through the 1980s. Only a handful of policymakers were listening, but today warming is impossible to ignore.

The basic physics behind the greenhouse effect, and the reasons that global warming is occurring, are even clearer now than they were a century ago. The gases that make up Earth’s atmosphere, primarily nitrogen and oxygen, are by and large transparent to sunlight. As a result, most sunlight passes through the atmosphere and warms Earth’s surface.

As Earth warms, it sheds heat back into space in the form of infrared radiation. However, water vapour and some other gases that are present in our atmosphere in trace amounts, particularly carbon dioxide, absorb or trap much of this infrared radiation, sending some of it back towards the surface and increasing Earth’s temperature.

These are the greenhouse gases, so-called because the process of trapping heat is analogous to the way the glass of a greenhouse keeps the interior warm even on a frigid day, allowing plants inside to thrive. Without these gases, the heat radiated from Earth’s surface would be lost into space and the planet would be about 33°C colder. The atmosphere’s greenhouse effect has kept our planet’s temperature within a life-supporting range that allowed humans and other species to evolve.

This process had remained stable for thousands of years until the onset of widespread industrialization during the nineteenth century. The fossil fuels that came to power industrial society – coal, oil and natural gas – are remnants of carbon-based plant matter buried millions of years ago. These have been extracted by mining and drilling to fuel our factories, power plants, automobiles, tractors, boats and aeroplanes, and also to heat our homes and workplaces. Fossil fuel combustion releases tens of billions of tonnes of carbon dioxide every year.

Farming, including raising cattle, has also resulted in rising emissions of methane and nitrous oxide, greenhouse gases that exert an even greater warming effect per molecule than carbon dioxide. The drilling and transport of natural gas has leaked yet more methane into the air. Rampant deforestation and other land-use changes have become another large source of carbon dioxide and other greenhouse gases. As a result of these various human influences, carbon dioxide levels in the air are now 50 per cent higher than in pre-industrial times.

The hundreds of billions of tonnes of greenhouse gases already added to the atmosphere would still have had a relatively modest effect on Earth’s temperature were it not for the impact of feedback loops which have made it even warmer. Warming has increased evaporation from the ocean surface, putting more of the greenhouse gas water vapour in the air, which has in turn accelerated the warming. Arctic sea ice has melted, allowing more sunlight to be absorbed at the ocean surface rather than reflected back into space by the ice, speeding warming even more. Clouds both trap heat and reflect sunlight, and the net effect of changes in cloudiness due to warming is yet another feedback that makes Earth warmer. Taken together, these feedbacks are causing the Earth to heat up three times as fast as would be the case otherwise.

What makes the atmospheric build-up of carbon dioxide a special concern is that this excess can be permanently removed from the atmosphere only by a very very slow, centuries-long process of dissolving in the oceans. While some experts are exploring ways to artificially speed the removal, no such technology is currently available that is efficient and affordable.

Much like the basic physics, the scope of effort required to tackle warming, and the need for early action, were crystal clear over thirty years ago. So why, for decades, did we do almost nothing? At the heart of the problem was the fact that, even as the scientific community became aware of what was about to unfold, it was extremely difficult to awaken politicians to the dangerous nature of the situation we were in.

In 1981, as a scientist at the Environmental Defense Fund, I began to work with others in the environmental community, along with scientists and a few interested governments, to try to bring this issue before the public and our elected leaders. Yet at that time most governments thought that since the impact of warming was not yet evident no action should be taken – even as the science and the potential cost of inaction were becoming clear.

In 1986 I testified before a committee of the US Senate and watched as a string of officials from various government agencies spoke first – most were uninformed, unconcerned and uninterested in any concerted action to slow the greenhouse gas build-up. I tried to make the stakes very clear to politicians and the public: this was ‘a problem that if left unchecked, will come to dominate all others in its effect on the environment … the viability of many ecosystems is at stake, as is, perhaps, the viability of civilization as we know it’. Reflecting on the persistence of carbon dioxide, I noted that this was a different type of problem than ordinary air pollution, and that we just could not afford to sit back and wait to see the consequences before implementing policies to stem emissions as then it would be too late to avoid serious impacts.

Two years later, in the midst of a heatwave afflicting the eastern US, I was invited to testify before another Senate committee alongside Professor Manabe and NASA’s James Hansen, who that day delivered his famous testimony proclaiming that ‘the greenhouse effect has been detected and is changing our climate now’. My testimony covered the report of an international scientific conference I had co-organized under United Nations auspices which concluded that the problem of human-caused climate change must be addressed and which made specific policy recommendations aimed at limiting future greenhouse gas emissions.

Among the stark findings I highlighted that day were that slowing warming to an acceptable rate, and ultimately stabilizing the atmosphere, would require reductions in fossil fuel emissions ‘by 60% from current levels, along with similar reductions in emissions of other greenhouse gases. Given the projected doubling in emissions over the next 40 years in “business-as-usual” scenarios,’ I noted, ‘we have a daunting task ahead.’

The numbers above from the conference report are now outdated because little has been done to rein in emissions, and thus they are far smaller than the reductions now required. If countries worldwide, especially in the Global North, had taken concerted actions back then, we would be in a far better position today to stem the climate crisis, rather than confronting the myriad disasters that now afflict us.

In the same year, 1988, the IPCC was formed through the United Nations, which harnessed the efforts of thousands of scientists across the globe to assess the climate issue and come up with solutions. This was an unprecedented effort by the world’s leaders to engage the scientific community to look into the future and project the looming environmental damage to human society and ecosystems. I became involved in the IPCC’s First Assessment Report, published in 1990, and have been an IPCC author ever since, during all six assessment cycles.

A race had begun between the irreversible build-up of carbon dioxide and the on-again, off-again efforts of governments to transform their countries to carbon-free economies. I and many of my scientific and environmentalist colleagues understood that we were facing a near future in which countries would be battered by extreme weather triggered or exacerbated by climate change, including worsening droughts, hurricanes and heatwaves. Our goal was to move nations to action before they experienced widespread death and destruction from the ever-increasing extremity of the climate that science foresaw. We have clearly lost that race.

The mitigating steps we took were too slow and too small. Countries did come together to sign the UN Framework Convention on Climate Change at the Earth Summit in Rio de Janeiro in 1992. The aim of the treaty was to reduce greenhouse gas emissions back to 1990 levels by the year 2000. However, the agreement was toothless because its emissions reduction obligations were unenforceable. The participation of the US was important and a cause for hope, given that it had thus far contributed the most to global carbon dioxide emissions. The US Congress ratified the agreement and Bill Clinton’s election to the presidency that same year seemed to bode well for climate action. But when the new president tried to implement an energy tax as a first mandatory measure to restrain emissions, he encountered strong opposition in Congress and withdrew his proposal. Taxes are the ‘third rail’ of US politics and, to this day, carbon taxes face a difficult path to adoption.

Recognizing that progress towards the Framework Convention’s goals was falling short, countries came together again at Kyoto in 1997 to agree on binding emissions commitments for developed countries. However, like the Framework Convention, the Kyoto Protocol did not require emissions reductions from developing countries – a serious limitation on its effectiveness, since China’s emissions were about to balloon and some other developing countries would eventually follow suit.

The United States never ratified the Kyoto Protocol and, in 2001, newly elected President George W. Bush withdrew the US’s initial signature of the document. Science lost the battle because of the political influence of corporations that produce fossil fuels as well as of those firms that heavily consumed them. Many of these firms and their various trade associations had established effective disinformation campaigns involving so-called think tanks, while some politicians from regions that produced fossil fuels promoted distortions and outright lies about the science. In a situation where private interests were creating a public miasma of falsehoods and deception it was all too easy for the general public to discount the risks.

Europe was less distracted and divided by disinformation campaigns from fossil fuel companies and emerged early on as a global leader on the climate issue. UK Prime Minister Margaret Thatcher, a former research chemist, respected the scientific warnings and, also driven by her determination to break the power of the coal-mining unions, she had lent her support in 1989 to the concept of negotiating the UN Framework Convention. In Germany – another of Europe’s major greenhouse-gas-emitting nations – the Green Party had been growing in influence since the mid-1980s, causing the two major political parties there to adopt environmental and energy goals, which Angela Merkel, also a former chemist, continued to pursue after her ascension to Chancellor in 2005. Thus, when the US stepped back from leadership on the climate issue, the European Union, led by the UK and Germany as well as the Netherlands and its Scandinavian member states, partly filled the void and pushed for global action to address the problem. Benefitting from German reunification and the collapse of the former East Germany’s emissions, and those from other former Soviet states, the EU achieved the target it agreed to at Kyoto.

Other developed countries, particularly Canada and Australia, swayed by their fossil-fuel-exploiting regions, paid lip service to the Kyoto Protocol’s commitments but made little or no effort to actually rein in their emissions.

In 2014 China and the US joined together and offered national emission goals that paved the way for the following year’s Paris Agreement. The Paris Agreement was, in some ways, a landmark, but it has proven only modestly effective, as China – and, more recently, India – has fast-rising emissions and an economy that still relies heavily on coal. Nevertheless, China has ample reasons to keep pressing ahead with its climate commitments: it urgently needs to reduce air pollution and stands to gain massively from selling solar photovoltaic modules, wind generators and electric cars to the rest of the world. Yet China’s leaders oppose full transparency in the monitoring, reporting and verification of its Paris commitments, and until they change this stance they cannot be relied upon as a model of responsible leadership.

We lost one race – the race to prevent harmful impacts – but now, as warming accelerates, we find ourselves at the start of another: the race to mitigate a climate crisis and maintain a habitable planet. Winning this race will require emerging leaders to face down fossil fuel interests and public myopia in a way that my generation never did. Advances in energy technology, combined with the now incontrovertible understanding of the crisis we face and the admirable combination of determination and purposeful pressure exerted by the younger generation, lead me to be hopeful. It won’t be easy, but now the stakes are crystal clear and, this time, no one can say they didn’t see it coming. /
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Figure 1:

Trends in global atmospheric CO2 vs. year. Both the carbon dioxide concentration in our atmosphere and average global temperatures have soared despite global climate conferences and international agreements to curb emissions.


1.7

Why Didn’t They Act?

Naomi Oreskes

When future historians ask, ‘Why didn’t people take action to stop the climate crisis when they had known about it for decades’, a prominent part of the answer will be the history of denial and obfuscation by the fossil fuel industry, and the ways in which people in positions of power and privilege refused to acknowledge that climate change was a manifestation of a broken economic system.

Scientists, journalists and activists have documented the many ways the fossil fuel industry spread disinformation about climate change to prevent action. Much of this work has focused on the industry Goliath ExxonMobil. In the 1970s and ’80s, Exxon’s own scientists informed them of the threat of climate change caused by their company’s products. However, from the 1990s onwards the company promoted a public message of high scientific uncertainty, insisting that policy action was at best premature and perhaps unnecessary. ExxonMobil was a key node in a network – sometimes called the ‘carbon-combustion complex’ – that included coal corporations, automobile manufacturers, aluminium producers and others who profited from cheap fossil fuel energy.

Through advertisements, public relations campaigns, reports commissioned from ‘experts for hire’, and more, the carbon-combustion complex deliberately created confusion about the climate crisis. Many of the strategies and tactics were taken directly from the tobacco industry, including cherry-picking and misrepresenting scientific evidence; promoting outlier scientists to create the impression of scientific debate where there was little or none; funding research intended to deflect attention from the primary causes of climate change; impugning the credibility of climate scientists; and falsely portraying the fossil fuel industry as supporting ‘sound science’ rather than protecting profits. They also deflected attention from their role by insisting citizens should take ‘personal responsibility’ by lowering their ‘carbon footprints’.

The fossil fuel industry worked in tandem with a network of politically conservative, libertarian and neo-liberal think tanks who echoed and amplified the message of climate doubt. Some were independent think tanks, such as the CATO Institute in the United States and the Institute for Economic Affairs in the United Kingdom, whose ideological commitments to laissez-faire economic policies made them hostile to government-led action. (Often, these groups borrowed from the tobacco playbook by asserting that acting on the climate crisis would threaten freedom.) Others were front groups, such as the Global Climate Coalition, spearheaded by Mobil Corporation, and the ‘Informed Citizens for the Environment’, created by a group of US-based coal producers. In 2006 the UK Royal Society – one of the world’s oldest and most venerable scientific honour societies – identified thirty-nine organizations funded by ExxonMobil that denied or misrepresented the state of climate science.

The fossil fuel industry and its allies acted indirectly to prevent climate action by poisoning the well of public debate, but they also acted directly when government action appeared imminent. One well-documented case is the American Clean Energy and Security Act of 2009, which would have created an emissions trading system to reduce greenhouse gas emissions. It seemed destined for success, until the US Chamber of Commerce, electric utilities, oil and gas companies, trade associations and think tanks lobbied fiercely against it, and it failed. Between 2000 and 2016, fossil fuel interests in the US alone likely spent close to $2 billion blocking climate action.

Industry disinformation, misdirection and lobbying were abetted by the wishful thinking of people who accepted industry arguments about natural gas as a ‘bridge fuel’, resisted acknowledging industry malfeasance and insisted on the power of ‘corporate engagement’. One prominent example involves Harvard University. In 2021 the university announced that it would divest its endowment of fossil fuel holdings. But for many years Harvard’s leaders had declined to criticize the industry, contending that they could not ‘risk alienating and demonizing possible partners’. Yet many of these ‘partners’ had demonized climate scientists and activists and harmed billions of people around the globe.

Most economists now recognize climate change as a market failure, but only a few understand it as part of the larger pattern of environmental destruction that scientists have labelled the ‘Great Acceleration’. Capitalism as currently practised has imperilled the existence of millions of planetary species, as well as the health and well-being of billions of humans. It also threatens the prosperity that it was intended to create. Challenging 250 years of dominant economic thinking, the climate crisis has shown that the unrestrained pursuit of self-interest does not serve the common good. It has shown, in the words of economist Joseph Stiglitz, that Adam Smith’s invisible hand – the idea that free markets lead to efficiency as if consciously guided – is invisible ‘because it is not there’. And it has proved, in the words of Pope Francis, that ‘technological products are not neutral, for they create a framework which ends up conditioning lifestyles and shaping social possibilities along the lines dictated by the interests of certain powerful groups’.

These are heavy conclusions for people to accept. No one wants to admit to being duped by disinformation or blinded by a myth, and people in positions of privilege rarely examine the basis for that privilege. Perhaps, most deeply, the climate crisis breaks the promise of progress. And so, even today, many people who are not necessarily climate-change ‘deniers’ resist meaningful action, refuse to acknowledge just how broken our economic systems are, and deny how much damage industry disinformation has done. /


People in positions of power and privilege refused to acknowledge that climate change was a manifestation of a broken economic system.



1.8

Tipping Points and Feedback Loops

Johan Rockström

Scientifically, it is now well established that Earth has entered a new geological epoch, the Anthropocene, where our globalized world constitutes the largest driver of change on Earth. The amount of CO2 emitted so far from our fossil fuel burning (some 500 billion tonnes of carbon) and the environmental destruction caused by us is sufficient to affect our planet’s future during the next half a million years. We are in the driver’s seat, determining the future state of our home, planet Earth. We triggered the Anthropocene some seventy years ago when our fossil-fuel-driven industrialized world economy went truly global, causing multiple ‘hockey sticks’ of rising human pressures; the ‘Great Acceleration’ is a fact, manifested in an accelerated rise in greenhouse gas emissions, fertilizer consumption, water use, marine fish catching and terrestrial biosphere degradation, to name just a few (Fig. 1).

The drama, though, is much larger than this almost mind-boggling insight. We haven’t just triggered an entirely new geological epoch. We are deep into the Anthropocene, and our planet is showing the first signs of an inability to absorb more human abuse. Merely seventy years after its onset, we are forced to conclude that the Earth system seems to be running out of resilience, losing its biophysical capacity to buffer and dampen the pressure, stress and pollution we are exposing it to.

The scientific community now must explore whether we are at risk of destabilizing the entire Earth system, which means pushing biophysical systems and processes – like the ice sheets, forests and the ocean’s circulation of heat – past their tipping point, where feedbacks shift from cooling and dampening to warming and self-reinforcing, which could culminate in an irreversible drift of the entire planet away from the stable interglacial state of the planet, the Holocene, that we have benefitted from since the emergence of human civilizations some 10,000 years ago, and still completely depend on.

This means that we have reached an existential fork in the road. We are in the Anthropocene and are seeing rising signs of the approach of irreversible tipping points. Still, the Earth system, while showing worrying signs of destabilization, remains in an interglacial Holocene-like state. This may seem odd, but it is the reason we can still talk of hope. While the Holocene is a state of the planet (an interglacial with two permanent ice caps in the Arctic and Antarctica), the Anthropocene, so far, is ‘only’ a trajectory – a movement away from a Holocene state and not, yet, a new state.

But the risk is that there is only limited hope. At 1.1°C of global warming (as of 2021), we have exceeded the warmest global mean surface temperature (GMST) on Earth since we left the last ice age. We have reached the ceiling of the comfortable interglacial state where temperatures never left a ‘corridor of life’ of plus or minus 1°C. Our grand challenge is to stop our current trajectory and to prevent the Anthropocene from becoming a new, self-reinforcing hot state. The only way to succeed in this human quest is to avoid crossing tipping points in the Earth system that regulate the state of the climate and the living biosphere. This in turn requires that we govern and manage the global commons – all biophysical systems that are critical in regulating the state of the planet – within planetary boundaries that provide a scientifically defined safe operating space on Earth.

We have built our economies, our societies and our civilizations on two assumptions about the natural world: first, that change happens in an incremental, linear way (allowing for regret and simple repair); second, that the biosphere has essentially infinite space and capacity to absorb human impacts (our waste) and cope with our extraction of resources (our consumption).

The science of resilience and complex systems debunks both of these assumptions. Earth’s biophysical systems – from ice sheets to forests – ultimately determine how inhabitable the planet is. They do this not only by delivering immediate services to us humans (like food and clean water) but also by having a built-in resilience – the capacity to absorb shocks and stress (like warming due to greenhouse gas emissions and deforestation) and thereby cool and hold the planet within a narrow temperature range. But only up to a certain point. Pass this threshold and the system – be it a coral reef, a frozen tundra or a temperate forest – will irreversibly tip over from one state to a qualitatively different state.

Importantly, tipping points are reached when a small change – for example, a small rise in global temperatures due to fossil fuel burning – triggers a big and irreversible change – like a rainforest becoming a dry savannah. This change is propelled by self-perpetuating feedback loops – so the change can continue, even if the pressure (global warming) has stopped. Therefore the system would remain ‘tipped’ even if the background climate falls back below the threshold. It does not generally happen overnight: it may take decades or centuries before a system finds a new, stable state. The key, though, is that crossing the tipping point is like pushing the ‘on’ button that causes new biophysical machinery to crank up, with destabilizing feedbacks taking over, shifting a system gradually yet unavoidably towards a new state (Fig. 2), with severe impacts on the environment and the livelihoods of many people.

[image: The ‘Great Acceleration’; Earth system trends since 1750]
[image: Socio-economic trends since 1750]
The fact that crossing tipping points does not have to be abrupt is one of the great challenges we face. If we cross tipping points now or within the next few decades, their full impact might only become apparent, unstoppable, after hundreds or even thousands of years. Sea-level rise from land ice melt is one such example: it will continue for centuries and millennia, and then stay at high levels for thousands of years. As the IPCC now shows, even at 1.5°C of warming we might commit all future generations to a sea-level rise of at least 2 metres, although it may take 2,000 years to reach that level. This introduces a new ethical time dimension. It is now that we are determining whether we leave to our children and their children a planet that will continue drifting towards less and less inhabitable states in the future. It may take hundreds or thousands of years, but it would be unstoppable.

[image: How can we think of tipping points?]
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	The transition to the new state may happen quickly …
	… or slowly (as if the ball moves through honey).

	Figure 2





It is absolutely fundamental to understand the interactions between systems on Earth and Earth system feedbacks in order to assess the risks of pushing the planet too far. Interactions reinforce changes. For example, when warmer oceans accelerate ice melt, a feedback shift is triggered when the white ice surface, which usually reflects 80–90 per cent of the incoming heat from the sun back to space, crosses an albedo (or reflectivity) threshold, because the ice surface gets darker when it melts and becomes flowing, liquid water. At a certain point the system feedback shifts from negative (net cooling) to positive (net warming) and the whole system moves towards a new, ice-free equilibrium as a result of the feedback shift.

As far as we know, not all biophysical systems on Earth have different stable states separated by thresholds which can cause tipping behaviour. Some systems do; others don’t. Common to all of the biological, physical and chemical systems and processes (like global cycles of carbon, nitrogen and phosphorus), though, is that they are interconnected, and the biosphere, hydrosphere and cryosphere all interact with each other. And they have feedbacks that determine how they operate (their state), and the dominating feedbacks can shift from mathematically negative (dampening) to positive (reinforcing).

The large components of the Earth system that are defined as tipping elements are those that are characterized by threshold behaviour (i.e. they can trigger tipping points) and that at the same time play a role in regulating the state of the planet. We all depend on the tipping elements remaining stable and resilient. They are global commons, which we now need to manage and govern due to the risks we are taking in the Anthropocene.

In 2008, a range of climate tipping elements were identified (Fig. 3, top). Since then, science has advanced tremendously and we know much more about tipping-point behaviour and the interactions among tipping-element systems; we have also identified over 200 cases and about 25 generic types of regime shift (that is, large, abrupt and persistent critical transitions in the function and structure of ecosystems, beyond climate tipping points). In 2019, a study providing a ten-year science update on climate tipping-point risks was published, and the conclusion was very troubling. Nine of the original climate-tipping elements are showing signs that they may be approaching tipping points (Fig. 3, bottom). This assessment was to a large extent confirmed in the IPCC’s Sixth Assessment Report, which raises concerns about six of those nine unstable elements: the Ice Sheet, the Greenland Ice Sheet, Arctic sea ice, permafrost, the Atlantic Meridional Overturning Circulation (AMOC) and the Amazon rainforest.

[image: Climate tipping elements first identified in 2008; 2019 assessment of tipping elements showing signs of instability, and indicated links between different elements]
On top of all that, the interactions between tipping-element systems raise particular concern – tipping elements might trigger each other and unleash a domino-like chain reaction. A so-called ‘tipping cascade’ could push the Earth system towards a new hothouse Earth pathway. At 1.1°C of warming, the Arctic is warming two to three times faster, accelerating ice melt from the Greenland Ice Sheet (and the melting of Arctic sea ice). This in turn slows down the ocean’s circulation of heat, the AMOC, which in turn impacts the monsoon system over South America, which can partly explain the rising frequency of droughts over the Amazon rainforest and the subsequent increased severity of fires and abrupt pulses of CO2 back into the atmosphere, which intensifies the warming. Furthermore, the slowdown of the Atlantic heat conveyor leads to more warm surface waters being stuck in the Southern Ocean, which can explain the accelerated melt of the West Antarctic Ice Sheet.

Admittedly, these complex dynamics are at the scientific frontier, and their precise workings are not yet fully confirmed, but they do raise concerns and provide even stronger scientific support for precaution and rapid action to solve the climate crisis.

We are looking at a rising risk landscape. We can no longer rule out the risk of crossing tipping points, leading to changes that cannot be stopped, or the overall trend in risk assessments as science has advanced over the past twenty years. As we can see in the ‘burning embers’ graph (Fig. 4), the more we learn about the way the climate system works, the greater the cause for concern. As recently as 2001, in the IPCC Third Assessment Report (TAR), we still thought that the risk of irreversible changes with large impacts was very low, and that there was only a serious risk at 5–6°C of warming.
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