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To Matthew, who was there at the beginning on the Grand Combin, but sadly is no longer, and to all those who have paid for the climate crisis with their lives.










Introduction



The vast boulder seemed to freeze above me. Time slowed down: not for long enough to enter a tunnel and see a heavenly landscape; not even long enough for what was then a fairly short life to flash before my eyes. But long enough for me to see the specific outline of a huge, dark, jagged rock against a blue Alpine sky. A boulder the size of a minibus, about a hundred tonnes of rock, about to crush me. My climbing partner Matthew and I dived behind a small, knobbly rock protruding from a moraine field. It offered no real protection but perhaps it gave a tiny psychological boost, a rocky fig leaf. The vast boulder, accompanied by a fusillade of rocky shrapnel, flew over our heads, so close that I remember its shadow blocking the sunlight as it passed. But somehow, nothing had hit us. The crackle of rocks exploding on impact below us began to die down and the only thing I could hear was my desperate breathing. We swore, repeatedly and disbelievingly, amazed to be alive. It was August 2003 and the Grand Combin, an isolated peak that towers 4,309 metres over the Valais region of Switzerland, was melting, shedding its buttresses and ridges in vast rockfalls that bombarded the moraines below, indifferent to the little men that were clinging to its sides.


This is not a book about mountaineering; it is a guide to the future. Thanks to human activity, the world’s climate is changing more rapidly than ever before. But it can be hard to take a step back from our everyday lives and distinguish what is happening over a longer term, to separate climate from weather. It was while climbing mountains, specifically Alpine mountains with glaciers, that I made a personal connection with the climate crisis. The evidence of the changing climate is all around us, but in the mountains, with retreating glaciers and melting snowfields, it is impossible to miss, in specific and measurable ways. All over the world, famous climbing routes up storied peaks have changed radically, and in some cases simply no longer exist.1 I once climbed the Aiguille Verte, a large mountain near Mont Blanc. After a lengthy ascent over a jagged ridge, the descent was relatively quick – downclimbing a steep ice chute called the Whymper Couloir. This couloir is now a deathtrap: bare rubble in summer, plagued by rockfall. In my younger years I harboured dreams of ascending the Bonatti Pillar, one of the great rock climbs in Europe, nearly a thousand metres of sheer rock. This iconic feature collapsed in 2005, millions of tonnes of granite plunging onto the glacier below. The South Face of the Midi, the Diamond Couloir on Mount Kenya – the list of famous climbing routes that have become harder, more dangerous or simply impossible due to climate change is ever increasing.


As this book will demonstrate, the impact of climate change is epochal, changing our world, our ways of living, even the places we are able to live. All of this is far more important than inconveniencing a few climbers. But Alpine mountains are like barometers of a larger phenomenon: they are vast piles of rock and rubble, held together by an icy glue. When the glue melts, the mountains start to fall apart. In August 2003, at the time one of the hottest summers ever recorded (these records have since been broken numerous times), the kind of rockfall that we miraculously escaped would claim the lives of climbers across the Alps. About a hundred people died that year, including at least twenty on Mont Blanc, Western Europe’s highest mountain.2 My own brush with oblivion had meant that I could never forget or ignore this growing threat.


More than twenty years on, the climate is changing, catastrophically quickly, but we have done a terrible job of responding. Every target, every agreement, every solemn international pledge to reduce our emissions and decarbonise our economies has been missed. There may be a scientific consensus on climate change and its causes, but there is little agreement on what to do about it. The United States has elected a prominent climate change denier who is determined to expand fossil fuel usage in America. Major fossil fuel economies from Norway to Saudi Arabia insist that fossil fuel exports will continue even as they talk of a need to transition to a post-carbon economy. In many countries, responses to climate change are bound up with populist or ‘anti-system’ politics. And ordinary citizens are used to hearing that another COP (conference of parties) climate summit has broken down with a failure to reach agreement. It is not that nothing is changing: humanity is constantly innovating, finding new clean technologies, improving efficiencies and ways to manage the crisis. But our actions are not fast enough to stop, still less reverse, the process of planetary heating. This means our world is going to change in profound ways and that is going to happen in the lifetimes of many of the readers of this book.


Ordinary citizens don’t have the power to precipitate the major, transformational changes to alter the world’s climate trajectory. Many people have made significant changes to limit their own carbon footprints: changes to their diets, or their travel patterns, or how they live in their homes, all of these admirable and worthwhile. But that can’t prevent an American president from declaring that climate change is a ‘scam’ and announcing a rapid expansion of fossil fuel production which would wipe out any benefits that might have been generated by other countries’ positive choices. We can change, but we can’t always change others.


The climate crisis is killing people – in natural disasters, in extreme weather events, in the conflicts and tragedies that are its result, some of which you will read about in the coming pages. The World Health Organization estimates that climate change will cause the deaths of an additional 250,000 people per year by 2030–50, as a result of heat, malnutrition and disease. You may have noticed that this book is dedicated to their memory. But most of us are still going to be living in a world that is changing in confusing and disturbing ways. We need to try to think about what that world is going to look like, what its contours might be, how our lives might change as a result.


This is not a book of predictions. People’s ability to see into an unknowable future is notoriously poor, including when those making the predictions are experts in their fields. Instead, this is a book that seeks to explore and explain the factors that will result from the ongoing climate crisis and our responses to it. In writing it, I am drawing not just on some holidays spent climbing mountains but on more than two decades working on the frontlines of diplomacy and geopolitics. From the dusty wastes of the Sahel, ravaged by falling crop yields and collapsing state authority, to the water-stressed mountains of the Arabian Peninsula and the poppy fields of Helmand in Afghanistan, my work has taken me to places where we see instability, conflict and profound shifts in power affecting the lives of millions. I have sipped tea with heavily armed sheikhs in the deserts of Yemen, worked to free hostages from Al-Qa’ida in Iraq and negotiated with drugs barons in Afghanistan. These experiences taught me that as humans we risk obsessing over the urgent things in front of our eyes and failing to see the deeper changes driving them. As diplomats in these environments we would tend to talk of ‘weak governance’ and ‘tribal divisions’ while ignoring the massive underlying trends that were being propelled by a rapidly warming climate. This book is an attempt to redress that balance, to focus on the factors that are forcing these profound changes in our world. My hope is that it will give readers the ability to better understand these factors for themselves. This book is a guide to the future.


THE IMMUTABLE FACTS


Climate change is all about greenhouse gases. Of these, carbon dioxide (CO2), its atmospheric density measured in parts per million (ppm), forms about three quarters of the relevant gases in the atmosphere. For nearly a million years, including for all of human history up until 1911, atmospheric carbon dioxide never rose above 300 ppm. According to NASA, this measure was at over 420 ppm in 2023 and continuing to rise faster than at any point in previous history.3 While CO2 is the primary source of man-made global warming and remains in the atmosphere for decades and sometimes centuries, methane is roughly twenty-five times more effective at trapping the sun’s heat in the atmosphere, and has an important short-term impact on heating the planet, even though it usually breaks down over a twelve-year cycle. In the modern era we have unprecedented levels of methane in the atmosphere as well as CO2, resulting from industrial processes such as fossil fuel production, but also from organic processes, including farming.


In 2021, the Intergovernmental Panel on Climate Change (IPCC) had predicted the global average temperature would rise above 1.5°C over the next two decades compared to pre-industrial levels (in fact, this rise was reached in 2024). The IPCC also said this global warming was likely to increase beyond 2°C before the end of the century unless there was a deep and sustained reduction in CO2 and other greenhouse gas emissions over the coming decades. In 2022, the IPCC published a report on the potential impacts of these changes to the global average temperature. It said climate change was already leading to more frequent and intense extreme weather events such as heatwaves, droughts and floods. It argued some natural and human systems had already been pushed beyond their ability to adapt to these changes, causing irreversible damage to food security.


In geopolitics, we assume that the world’s geography is fixed and human societies adapt and respond to those factors. It is not a coincidence that one of the best books written about geopolitics, Prisoners of Geography by Tim Marshall, leans into the idea that ‘all leaders are constrained by geography’. Marshall is right, of course. Russia has no natural border to its west and therefore argues that it faces a constant threat from that direction. We can argue whether the perceived threat is real and whether Russia’s response to it is justified. But the geography is unquestionable: there is never going to be a convenient mountain range running through central Europe to make Russia feel differently. However, the climate crisis means that some aspects of geography are changing in real time, rather than geological time. On 12 September 2023, the town of Derna in eastern Libya was destroyed by extreme flooding. In a matter of hours, possibly as many as 20,000 people were swept to their deaths as a dam collapsed as a result of extremely heavy rainfall. Events such as these are becoming a grimly familiar aspect of life in the modern era. In most of our lifetimes, some countries are expected to disappear due to rising oceans. And just as the physical geography of the world has profoundly affected its politics, the rapid changes brought by the climate crisis are creating rapid changes to societies, economies and power structures.


HOW TO PREDICT THE FUTURE CLIMATE


Since projections of our future climate form a key element underpinning this book, it is worth a short digression into how these predictions are reached.


Predicting future warming of the planet is mostly about predicting future greenhouse gas concentrations. As humanity continues to emit higher amounts of greenhouse gases, a range of future scenarios presents itself. These differing possible futures are known by climate scientists as Representative Concentration Pathways (RCPs) and are the basic building blocks of climate prediction. These RCPs range from a world in which there is rapid reduction of greenhouse gas emissions, coupled with extensive mitigation efforts such as reforestation, to a world with continued expansion of emissions and ever-higher concentrations of greenhouse gases, leading to extreme temperature increases. The RCPs are labelled according to likely temperature increase as a measure of ‘climate forcing’ – essentially the degree to which the greenhouse effect is altering the balance of incoming and outgoing energy in the Earth’s atmospheric system. In a high climate-forcing scenario, a lot of the sun’s energy (and heat) remains within the Earth’s atmosphere, and the planet experiences significant increases in warmth.4 Like all climate change data, climate forcing is measured against a baseline of the pre-industrial era, defined as 1750, at the start of the Industrial Revolution.


The details of differing RCPs give us a road map to the future world that we are likely to inhabit. As we have seen, it is already clear that limiting climate change to a 1.5°C average increase is unlikely. Current trajectories point to far more extreme temperature increases, perhaps close to 4°C by the end of the century. The warming comes from increased greenhouse gases in the atmosphere, but not all of these are being released directly from human activity such as industrial or transport emissions. Increasingly, a major role in concentrations of CO2 and other gases in the atmosphere is played by the outcomes of global warming itself: for example, wildfires generating huge quantities of CO2, or methane that is frozen in the permafrost of the Arctic tundra being released into the atmosphere. These processes help explain how the average mean temperature may continue to increase at a higher rate, in spite of human efforts to reduce emissions.


In spite of the overwhelming evidence for what is happening, there remain sceptics – those who argue that climate change is a ‘scam’ (Donald Trump), a ‘religion’ that he doesn’t subscribe to (former Fox News presenter Tucker Carlson), a ‘globalist plot’ (former Brazilian President Jair Bolsonaro) or perhaps something on which ‘there is no scientific consensus’ (German politician Alice Weidel). This book will not try very hard to argue with these people. I am writing this book in the fiftieth year of my life. During that time, global mean temperatures have risen farther and faster than in any previous period in recorded history. It is true that the climate has changed in the past, as sceptics like to point out, but it has never changed with the rapidity and intensity that it is doing at present. The purpose of the book is to explore a future in which climate change is inevitable and for which the evidence is ample, not to debate a near-universal scientific consensus with the small number of people who insist on ignoring it.


ELEMENTAL


In ancient Greece an idea developed that everything in our world was composed of four elements: earth, air, fire and water. The Greek philosopher Empedocles may have been the first person to try to systematise our understanding of these elements and how they interact, around 450 BC: he had already understood that air was a separate substance, identifying that if a vessel is placed upside down in water, the air in the vessel prevents water from filling the void. Empedocles surmised that the four elements were permanent and could be mixed into different compounds by ‘Love’ or separated by ‘Strife’. From this rather poetic process he concluded that all the things in our world were created. Empedocles had a chequered record: described by Bertrand Russell as a ‘mixture of philosopher, prophet, man of science and charlatan’, he is said to have died by jumping into the crater of Mount Etna to prove that he was a god. But his impact on science was long-lasting, as Aristotle would adopt his elemental framework and it held sway for around 2,000 years, until the seventeenth century, when Robert Boyle began to define elements in a way that more closely matches the modern chemical understanding of the term.5


The classical elements may lack scientific rigour, but they benefit from clarity, and this book is structured around these elements, examining the ways each of them will be affected by the climate crisis and the geopolitical impacts that may arise. One of the problems with the climate crisis is that it is too big, too worrying, and therefore it is too easy for all of us to decide that it is better not to think about it at all. But the levels of greenhouse gases in the atmosphere keep rising, whether or not we are thinking about them. So it is better to try to understand, using a framework that is clear and accessible.


A lot of this book is about complex, interlinked chains of possibilities and dependencies, not fixed or predictable pathways. For example, there is an important distinction to be drawn between the idea that ‘everything is because of climate change’, which is an oversimplification, and the truth, which is that ‘climate change changes everything’. For example, one of the major topics of this book will be ‘climate migration’. There are very few people on Planet Earth whose decision to leave their homes in one country and move to another in the coming decades will be solely due to climate change. But there will be billions of people for whom a changing climate will be one of a series of important factors driving their decisions, and the role played by the changing climate will assume an ever-greater significance in their considerations.


In some cases when thinking of the geopolitics of climate change, it might be useful to draw on another chemical concept: think of the changing climate as a catalyst to our four elements. In chemistry, a catalyst makes a chemical reaction happen more quickly, but does not form part of the reaction itself. Wars are like chemical reactions, with opposing armies behaving like differing chemical compounds reacting with one other, often with explosive results. It has often been argued that certain wars were ‘caused’ by climate change. For example, the Arab Spring of 2011 followed a period of severe drought in the region from 2006 to 2010, during which millions of rural Syrians abandoned their farms and moved to urban areas, particularly to Damascus and other major cities. This mass migration put significant pressure on already limited resources and services in urban areas, contributing to social instability and discontent. Nonetheless, Syria’s dictator, Bashar al-Assad, decided to respond to popular calls for greater democracy with extreme brutality, which in turn led to escalating protests and eruptions of violence. It was Syria’s ruling circle which chose to follow a policy of ‘Assad or we burn the country’, to brook no compromise, to describe any opponent as a terrorist, to respond to any challenge with excessive violence. But to argue that the changing climate played no role in the events of the past two decades in Syria seems to be to deliberately ignore the facts in front of our eyes.


This book comes in four sections, relating to the four elements. The section on Earth describes the ways in which Africa, and notably the Sahel, has been destabilised by global warming, before leading into a wider examination of global food supplies. Throughout human history, including in the present day, wars have been fought for food and sometimes to prevent others’ access to it. The climate breakdown intensifies this process. But the risks of a lack of food may also cause countries to avoid conflict. All the while, the earth itself plays a central role as the quest for critical minerals plays out, a new gold rush in which superpowers vie for control of resources.


The second section, Air, explores the role played by extreme heat and its effect on driving migration, both across international borders and within countries. As extreme weather becomes an increasingly common phenomenon, it drives conspiracy thinking and climate denialism, often linked to political interests. But some of the things that conspiracists obsess about, such as government attempts to control the weather, are not without a factual basis. We explore ideas to manage the climate crisis by changing the air, through geoengineering. Finally, we examine how the heating air might power the global clean energy of the future with solar power, connected into a global grid.


In the section on Fire, we examine the role played by burning fossil fuels on global power and what the end of that industry might mean for the countries that depend on it, notably the Gulf monarchies. The issue of wildfires and their increasing global significance is examined here. Finally, two types of fire are considered that might have the power to help humanity overcome its addiction to hydrocarbons: hydrogen and nuclear energy.


The last section, Water, examines the role played by fresh water and the access to it required by ever-larger numbers of people. The complex geopolitics of river basins and dams are explored, as is the impact of melting polar ice and the transformation of these regions. The threat of rising seas, including the possible extinction of certain countries, is the final element of this section.










Part 1



Earth










1



‘Ça marche plus.’*


The afternoon light threw lengthening shadows from the tall man gesturing at his dying crops. I was in Niger, on the shores of the Sahara Desert, camped at the edge of a village of mudbrick houses. Beneath my feet, the dry earth was too sandy for tent pegs so we used rocks to secure the guy lines. It’s not that growing food to eat was ever easy in this harsh, arid environment. But it had become impossible: every year 100,000 hectares of arable land was being lost in Niger alone.1 The expanding desert turned formerly viable farmland into a rippling sea of sand dunes. Beautiful, but lifeless. The earth was dying.


Within a few short years of this visit, Niger and the surrounding Sahel region had gone from adventurous travel destinations to borderline failed states. A rebellion of the Tuaregs, a nomadic desert tribe facing the loss of grazing lands, catalysed political instability in Mali and Niger. Al-Qa’ida’s North Africa branch gained a foothold and spread across the region. Diplomats and tourists were taken hostage, some were beheaded. Hotels were bombed and local military increasingly outgunned.


An arc of instability spread across the region. By 2023, the entire Sahel region was facing severe economic, governance and security crises. Conflict in the region had affected over 29 million people and over 100,000 had been killed in armed violence. Indeed, in 2021, terrorists killed more people in the Sahel than anywhere else in the world, including Afghanistan. A series of military stabilisation missions led by France were not working. Military coups, state failure and mass displacement of populations became the norm.


The climate crisis had rendered the Sahel, a vast area of territory on the doorstep of Europe, ungovernable. But Europe didn’t want to know.


THE LINE OF COUPS


We have decided to put an end to the regime that you know.


Coup leader Colonel-Major Amadou Abdramane, July 2023


It was a textbook military coup. Members of Niger’s presidential guard had seized control of the palace, arresting the head of state, Mohamed Bazoum. Then a junta of military officers interrupted the scheduled programme on Télé Sahel, the national broadcaster, to announce the new regime. The junta’s spokesman, an air force officer in a striking bright-blue uniform, announced that the constitution had been dissolved, all institutions suspended and the nation’s borders closed. Neighbouring countries were warned darkly against attempting any kind of intervention. The following day, Nigerien soldiers took to the streets to demonstrate their readiness to defend the country, cheered on by supportive citizens. They were weighed down with impressive quantities of military equipment, including incongruous boat paddles strapped to their rucksacks, not evidently of much use in a landlocked country suffering from acute water shortages. In spite of the militaristic bluster, Niger’s armed forces had limited capabilities and had been fighting a losing battle against the growing Islamist insurgency sweeping across the region.


A military coup has an oddly retro feel. Perhaps because they were particularly prevalent from the 1960s to the early 1980s,2 they feel like episodes from a bygone era. Why should seizing the state broadcaster have any meaning in an era of streaming services and smartphones? However, in weak states, the military remains one of the few institutions that can provide the appearance of national control. In the Sahel, military coups have returned with a vengeance. Draw a straight line across Africa, from Conakry in Guinea on the Atlantic coast to Port Sudan on the Red Sea – every country on that 5,600-kilometre line saw a military takeover within a period of twenty-seven months from 2021 to 2023: from west to east, Guinea in 2021, Burkina Faso in 2022, Niger in 2023, Mali in 2022, Chad in 2021 (after the elected president was killed leading troops in battle) and Sudan in 2021.


The military takeover of government provides an illusion of control – the uniformed strongman able to restore law and order across the land. But it is an illusion: the military governments of the Sahel have presided over increased violence and disorder, leading to a crisis of viability in the governments of the region. And in the same period the Sahel’s earth is simply not able to feed its rapidly growing population, compounding issues of insecurity and violence.


How did this happen? The roots of the current crisis are contained in the region’s geopolitical history, and, at every turn, the climate crisis has played its role.


THE DESERT SHORE


The word ‘Sahel’ means ‘coast’ or ‘shore’ in Arabic and the name is appropriate: it is a transitional zone. Its landscape is undramatic, mostly flat, dominated by a dark-red, dry earth, dotted with hardy acacia trees. To its north is the Sahara Desert, a vast, waterless ocean – inhospitable territory to be crossed, not to be inhabited; to the south, the humid tropical forests of West Africa’s coastal region. The differences in climate are stark: Niger has some of the lowest annual average rainfall of any country on Earth. In Nigeria, bordering it to the south, particularly its southern delta region, are found some of the world’s highest.


As a natural boundary, the Sahel is also a cultural frontier, between largely Muslim and Arabic-speaking North Africa and sub-Saharan Africa, mostly Christian but also religiously and linguistically diverse. It is massively simplistic to ascribe the instability in the Sahel to a clash between these two faiths. Things are much more complicated. But it is also true that, among other tensions across the Sahel, religious-based violence remains a significant factor.


Historic trading entrepôts dot the region, the port cities of trans-Saharan commerce. Perhaps the greatest of these is Timbuktu, in modern-day Mali, an important gateway to the Sahara that has been a major Sahelian city since at least the thirteenth century. In 1324, Mansa Musa, the Muslim king of the Mali Empire, had made a fabled pilgrimage to Mecca. His territories stretched from the Atlantic coast of modern-day Senegal to well inside the West African interior, including Timbuktu. The earth that Musa’s empire controlled was rich, with extensive gold mines. The description of his entourage is an exercise in superlatives: supposedly he travelled with 60,000 men, including thousands of slaves carrying gold bars and camels laden with gold dust. Every Friday as they progressed across the desert, Musa’s party built a mosque. On his arrival in Cairo, Musa’s spendthrift behaviour led to a decade-long collapse in the price of gold, according to Al-Umari, a contemporary Arab historian.


Mansa Musa’s extraordinary wealth has led to him being widely described as the ‘richest man in history’, with wealth equivalent to $400 billion in modern values (for comparison, this was about double that of Elon Musk in 2023). The source for this bold claim, which has been repeated by a wide array of reputable news outlets, turns out to be the website CelebrityNetWorth,3 which may not be a credible authority. Nonetheless, the historic wealth and importance of the Sahel region cannot be dismissed.


While the rulers of the modern Sahel might not match Musa’s unimaginable riches, they are still many times better off than their average citizens. Their control of the earth remains their ticket to great wealth: the existence across the Sahel of mineral deposits creates perfect opportunities for corruption by the ruling elite. To take a recent example, according to a 2021 ruling by a Swiss court, Israeli mining tycoon Beny Steinmetz and two others paid, or arranged payment, of $8.5 million in bribes between 2006 and 2012 to Mamadie Touré, one of the wives of former Guinean President Lansana Conté, in order to obtain exploration permits for iron ore buried beneath the Simandou mountains in Guinea.4 Steinmetz has rejected the charges and stated his intention to appeal. But the iron ore deposit at Simandou, by some estimates the world’s largest, remains untapped three decades after its discovery.


The economy of the modern Sahel offers much less to the average inhabitant. Mostly colonised by France, the countries of the Sahel, notably Burkina Faso, Niger, Chad, Mali and Guinea, experienced the classic imperial mixture of forced labour and exploitation of natural resources during the period of French control. Sudan, under British control, gained independence relatively early, in 1956. The British took a hands-off role, letting the country slide almost immediately into a civil war. By contrast, after independence, France’s former colonies remained firmly under Paris’s thumb. In Niger, where the desert earth yields one of the world’s largest uranium mines, a French partly state-owned entity has had an effective monopoly on the extraction of this valuable commodity ever since the country gained independence. In early 2023 this concession was extended to last up until 2040, ensuring supplies for France’s nuclear power stations (as we shall see, this deal did not last as long as was hoped for at the point of signature). Meanwhile, most of the population of Niger subsists on less than two dollars a day with little access to reliable electricity, as is the case across the wider Sahel region.


This is not just about France and her legacy as a colonial power. Companies and prospectors from across the Global North want to dig the earth in the Sahel region, rich in resources that a hungry global economy needs to get its hands on. In Burkina Faso, a boom in gold mining has led tens of thousands of children into dangerous work as miners, exposed to heavy machinery, toxic chemicals and collapsing underground tunnels. In that country’s cotton industry another estimated 250,000 children work in unsafe situations, many in conditions of modern slavery, according to the United States government.5


This is a vast region, larger than Western Europe. But, just as in the age of Mansa Musa, it is not empty wilderness: the Sahel supports a population of over 350 million and it is seeing some of the fastest demographic growth of anywhere in the world. Indeed, fastest of all is Niger, where the number of children per mother averages a staggering 6.7.6 The Sahel’s population is expected to more than double by 2050, at which point it will have outstripped the population of Europe according to a consensus of demographic projections. With a stable climate, the Sahel would face the challenge of poverty, exploitation and population expansion. But there is another index by which the Sahel outstrips other parts of the world: climate change.


THE CLIMATE CHALLENGE


In a heating world, the Sahel is warming faster than almost anywhere else, according to the IPCC, and the countries affected have the least resources for adaptation. Africa is getting warmer faster than other places, and the Sahel is getting warmer faster than other places in Africa.7 Increases of average temperatures of over 4°C are possible by 2080 if efforts to reduce greenhouse gases are not successful: regular intense heatwaves will lead to a fourfold increase in deaths from heat.


Climate crisis is not a new phenomenon in the Sahel. In the past fifty years a series of climate anomalies has immiserated the people of the area. In the 1970s and 1980s, the region experienced one of the most profound droughts seen anywhere in the twentieth century, with rainfall levels 30 per cent lower than normal, leading to the deaths of more than 100,000 people from famine.8 So why did these droughts happen? Put very simply, when the oceans of the northern hemisphere are consistently colder than those of the southern hemisphere there is drought in the Sahel. From the mid-twentieth century until 1980, the northern hemisphere cooled on average, while the southern hemisphere continued to warm. Since 1980, the northern hemisphere has once again warmed more rapidly. ‘The result [is that] the maximum warmth of the Southern relative to the Northern Hemisphere was achieved during the most severe period of the Sahel drought.’9


But these cycles of temperature change are not random, or arbitrary. From as early as the eighteenth century, a colonialist assumption was made that local populations in marginal territories such as the Sahel were directly responsible for the environmental changes in the areas they inhabited. The concept of ‘desertification’ caused by local farming practices became a dominant explanation for the environmental crises facing the Sahel region. This concept was not simply a description of the change in the landscape but a moral judgement on the locals. As Bruno Charbonneau, a Canadian expert on international peacekeeping, explained: ‘The theory of desiccation, which would evolve into desertification in the 1920s and 1930s, discredited indigenous land usage. Local peoples, mainly nomads, were supposedly to blame for perceived land degradation and advancing deserts. According to European scientific standards of the time, colonial subjects were not doing development properly, thus justifying dispossession and management of West African lands.’10


As the earth in the Sahel dried up, the people of the Sahel region had little or no control over the multi-year droughts they were facing. What caused the relatively cooler temperatures in the northern hemisphere during the mid-twentieth century? The answer points to one of the great contradictions of the climate crisis. As global warming began to intensify during the twentieth century, its effects were muted in the part of the world that was responsible for most of the world’s greenhouse gases. This is the part of the world that had created global warming in the first place: the industrialised Global North. This is what scientists call ‘anthropogenic aerosol cooling’: sulphate pollution being pumped into the atmosphere from burning coal and vehicle emissions, particularly in North America and Europe, meant that although the world in general was getting hotter, up until the 1980s the warming in the northern hemisphere was slower than in other places.11 Thanks to air pollution countless trillions of tiny particles of sulphur dioxide acted as an enormous sunshade and mirror, reflecting solar radiation away from the ground and reducing the overall warming effect of the sun.


Before the prospect of global warming transfixed humanity, let alone the full-blown climate crisis that we have now entered, populations in Europe and North America had become increasingly aware of something called acid rain. The sulphur dioxide in the atmosphere, as well as nitrogen oxides, when combined with water in the form of rain, created sulphuric and nitric acids. Acidic rainfall was causing forest dieback across Northern Europe and Canada and killing wildlife. Growing concern over this meant it jumped from being a fringe issue bemoaned by environmentalists to a mainstream political concern. An article dated 6 November 1979 appeared in the New York Times with the title ‘Acid Rain: An Increasing Threat’.12


The reversal of sulphur dioxide pollution is a case study of one of the first waves of international environmentalism and of successful concerted action to address the threat of air pollution. In 1979, thirty-two countries in the pan-European region decided to cooperate, signing the Convention on Long-range Transboundary Air Pollution, creating the first international treaty to deal with this problem. Over the years, the number of substances covered by the Convention and its protocols has gradually been extended, and from 1980 to 2014, airborne sulphur dioxide pollution dropped by nearly 80 per cent, thanks to the Convention and legislation such as the 1990 US Clean Air Act. And in the same period, average rainfall in the Sahel has increased.13 But the world continues to heat up. So what will this mean for the Sahel?


A hotter northern hemisphere draws the band of tropical rainfall that currently hits the Gulf of Guinea northwards into the Sahel region. By the middle of the twenty-first century the region will likely be much wetter than it is today: most estimates suggest a 50 per cent increase in average rainfall by 2040.14 So, might the Sahel in the era of global boiling become a verdant tropical rainforest? This is not as outlandish as it sounds: within human history and possibly as recently as 7,000 years ago, the Sahara was a vast humid region of lakes, rivers and vegetation, an epoch named by climate scientists as the African Humid Period. In Tassili n’Ajjer in south-eastern Algeria at the borders of Libya, Niger and Mali, thousands of stunning rock carvings and paintings can be found dating back over 10,000 years, some as recent as the first millennium AD. This art reflects the changing environment over time, and includes depictions of savannah animals such as elephants and hippopotamuses. In other parts of the Sahara there are cave paintings of swimming humans and huge carvings of giraffes. Today, these prehistoric treasures are situated in a barren, lifeless desert.


However, a wetter Sahel is not in itself good news. The heating climate generates weather extremes: drought and catastrophic flooding alternating. As Anders Levermann from the Potsdam Institute of Climate Impact Research explains: ‘Particularly in the transition period between the dry climatic conditions of today and the conceivably much wetter conditions by the middle of this century, the Sahel might experience years of hard-to-handle variability between drought and flood.’15 For example, the 2020 rainy season recorded the highest rainfall total over a two-decade period in the Sahel, leading to devastating floods. Across Niger, hundreds of thousands of people were displaced from their homes, and close to 10,000 hectares of crops were destroyed. Flooding after a period of drought causes increased soil erosion, further undermining agricultural productivity. This is one of the most important challenges facing the Sahel region.


The degradation of agricultural land has two immediate results: farmers need to expand the land area under cultivation and other users of that land come into conflict with those farmers. In West Africa from 1975 to 2013, land under cultivation more than doubled. With rapid population growth these factors are all made more acute, with conflict playing out between pastoralists and agriculturalists. The pastoralists, who practise nomadic herding, tend to come from the Fulani and Tuareg ethnic groups. In the same region, Hausa, Songhai and Bambara ethnicities tend to be farmers. The sight of a Fulani herder driving his cattle through settlements, even dense urban areas, is one that is familiar to those that have visited any of the great cities of northern Nigeria. For a visitor, it’s an exotic sight: the hundreds of white horned cattle spread across streets and grass verges, their herdsmen wearing distinctive wide-brimmed straw hats. To see a Fulani herd move through a city such as Abuja is to be reminded of a wilder Africa beyond the traffic-choked city. Many Westerners romanticise these nomadic peoples – indeed, Fulani is the name of several Western fashion brands – with little understanding of the challenges that result from their practice of transhumance in an increasingly crowded country. As a herd of cattle march through an area of subsistence farming, considerable damage is caused to crops and property, often leading to violent, even deadly, conflict. This phenomenon has been seen across the continent with repeated identifiable links between areas experiencing drought and conflicts breaking out. With growing populations, falling agricultural productivity, increased competition over land use and conflict between the different ways of life, the pastoralists in particular have become increasingly marginalised. The Sahel’s earth can no longer feed its population. We are witnessing an unfolding food crisis.


THE ARAB SPRING – A FOOD CRISIS?


The Arab Spring showed how a climate crisis can turn into a full-blown geopolitical earthquake. Here, we see long-running factors, heavily influenced by climate change, intersect with the vagaries of political and social change experienced in everyday life. It was also the catalyst of the current instability in the Sahel. In both cases, we should avoid falling into the simplistic belief that these events were solely caused by the climate crisis, but nor should we ignore its significance.


In trying to understand the Arab Spring, food is a crucial part of the story. In late 2010, food prices in North Africa were at unprecedented highs, due to a series of extreme weather events, including wildfires in Russia that had led to a nearly 40 per cent drop in Russia’s wheat harvest. The countries of the Middle East and North Africa import more cereals than any other global region and are particularly dependent on supplies from Russia.16 When Mohamed Bouazizi, a young, poor Tunisian, tried to make a living from selling vegetables on the street in Sidi Bouzid, he was doing so in the context of an increasingly challenging cost of living crisis driven by rampant food inflation. After repeated harassment by Tunisian police that made it impossible for him to carry on his work, he set himself on fire in a final desperate act of protest outside the local governor’s office, dying from his burns in January 2011. Thousands protested at his death and gathered at his funeral. Bouazizi’s fire of rage quickly burned through Tunisia: mass protests spiralled out of control, first in Sidi Bouzid and neighbouring towns and later in the major cities. Within ten days President Zine El Abidine Ben Ali had fled the country, after nearly a quarter-century in unquestioned power. The demonstrators had many grievances, as you might expect in a poor, corrupt country with an oppressive government. But the cost of food was one of the key complaints, encapsulated in their iconic slogan, ‘Khubz wa mā’ wa Ben ʿAlī lā!’ – ‘Bread and water, and no to Ben Ali!’17


This fire spread across the Arab world. With its immense oil wealth and repressive government, some expected neighbouring Libya to be more likely to be able to stave off mass protest with well-targeted public spending combined with heavy-handed policing. But it was not to be: starting in the eastern city of Benghazi and gradually expanding to other major coastal cities, Libyan rebels seized control of the centres of population, protesting at corruption, a lack of basic freedoms and, again, the cost of food. By the end of February 2011, a full-scale civil war was underway, with forces loyal to Libya’s ruler, the eccentric dictator Mu’ammar Gaddafi, facing well-armed rebels who had benefited from multiple defections from the military, including the air force. Climate change also played its role here: migrant workers from sub-Saharan Africa, of which there were millions in the country, were suspected of loyalty to Gaddafi’s regime or even of being ‘black mercenaries’ hired by Gaddafi to kill rebels. In fact, most of these people had come from other parts of Africa to work in Libya’s various industries, notably energy and construction. Many had come from the Sahel, driven by deteriorating economic conditions as a result of climate change and attracted by Libya’s oil-rich economy and geographical proximity. For example, Lake Chad, which had been a key source of fresh water for millions of people in Chad, Niger, Nigeria and Cameroon, shrank by 90 per cent between the 1960s and 2010s. By 2011, it’s estimated that up to 2 million people had been displaced from this area, fleeing both environmental degradation and the growing Boko Haram insurgency.18


As Gaddafi’s regime, in place since 1969, began to collapse, Western countries seized the opportunity to reshape their relationship with Libya. In the 1980s, Gaddafi had been the epitome of the Third World dictator bogeyman, executing his foes and supporting terrorist groups overseas, including the Irish Republican Army. Notoriously, Libyan agents were suspected of planting a bomb onboard Pan Am flight 103, which detonated above the Scottish town of Lockerbie just before Christmas in 1988, killing everyone onboard and another eleven on the ground. In the aftermath of the 9/11 attacks, Libya came under huge pressure to end its nuclear and chemical weapons programmes and accept responsibility for the Lockerbie bombings, in return for normalising its relations with the West, particularly the United Kingdom and the United States. Sanctions against Libya were lifted and Western oil firms piled in, notably British Petroleum and Italy’s Eni. But while Gaddafi improved his relations with the West significantly, entertaining visits from Tony Blair and Nicolas Sarkozy, he was hardly seen as a loyal or trustworthy ally.


So it was easy for the West to discard Gaddafi in 2011 and back the uprising. By 19 March, a major NATO operation in support of Libya’s rebels was underway. Britain and France, with reluctant support from Barack Obama’s United States, carried out air strikes against the collapsing regime. Gaddafi himself was killed in a firefight in October 2011. At the time, this was seen as the final element of rebel victory, but in fact it was the opening chapter of a prolonged civil war. Libya’s civil war has had many consequences, empowering radical Islamists, drawing in Gulf countries and Turkey, setting European countries against one another and allowing opportunities across Africa for the Russian mercenaries of the Wagner Group. But perhaps the consequence that has directly affected the largest number of people was the spread of fighters and weapons across the Sahara desert to Mali.


THE TUAREGS RETURN, FOLLOWED BY FRANCE


Over the period of his rule in Libya, Gaddafi had allied himself with the Tuaregs – one of the most important indigenous groups present in the Sahara. In the aftermath of Gaddafi’s defeat, Tuaregs who had been fighting for Gaddafi moved with heavy weapons to Mali, where they were already planning uprisings against the central government. The Tuaregs have never had a homeland of their own and have fought a series of rebellions across the Sahara throughout the twentieth century. Buoyed with additional forces and weapons from the Libya fallout, by January 2013 they had been able to secure control of most of northern Mali, a region they refer to as Azawad.


It was into this context that France deployed its forces in 2013, shoring up Mali’s government and stopping the Tuaregs and other insurgents from taking the entirety of the north of the country. But France’s post-2013 missions in the Sahel were supposed to be stabilisations, not military interventions, with inputs and support from a wide range of Western countries (including the UK and United States) and extensive coordination with United Nations missions. This was ambitious stuff: Op Barkhane, launched by France in 2014, was supposed to stabilise Burkina Faso, Chad, Mauritania, Mali and Niger, a vast stretch of territory larger in area than the European Union. But France faced challenges which were reminiscent of the United States’ travails in Afghanistan. France was not able to carry the responsibility on its own, but struggled to enlist the participation of European allies. Just as politicians struggled to explain how military intervention in Afghanistan made the people of NATO member states safer, France’s leaders struggled to explain the relevance of the Sahel to the safety of French citizens.


Meanwhile, the presence of foreign troops appeared to have increased militant activity, not reduced it. And both foreign forces and local authorities were often associated with disorder, chaos and corruption, while in some cases insurgent groups were able to demonstrate that they could solve land disputes and bring a form of rough justice.19 Local populations responded logically to their environment: in 2020, more civilians died in the Sahel region at the hands of state forces than from insurgent violence.20


As coups spread across the region, France and other European powers pulled their troops out, partly in response to the new military governments’ decision to bring in Russian Wagner mercenaries. This private military company under the control of Kremlin-allied Yevgeny Prigozhin became part of the Russian state and was rebranded as Africa Corps after Prigozhin fell out with Putin and his private jet fell out of the sky. The new soldiers in charge of the Sahel countries saw Wagner’s ‘gloves-off’ operating style as the necessary response to the continued collapse in security. At the time of writing, Africa Corps operatives are active in Sudan, Mali, Niger, Burkina Faso, the Central African Republic, Chad and Libya, and may be in other countries in the Sahel region. While Europe and North America have been preoccupied with events in Ukraine, Russia has displaced long-standing Western alliances across Africa and inserted itself both into the security arrangements in the region and into the resource economy. Under Africa’s earth are some of the richest deposits of minerals and Russia is believed to have extracted billions of dollars’ worth of gold and diamonds. But the big prize was Niger’s uranium mines. As we shall see in Chapter Fifteen, Russia is a world leader in nuclear technology. Establishing reliable sources of uranium is a necessary part of that, and in December 2024 Russia appeared to have taken a major step forward with its Sahel strategy: the French state nuclear company Orano announced that the Nigerien junta had taken operational control of its local mining firm, Somaïr. This came shortly after mining minister Ousmane Abarchi announced that Niger was actively seeking to attract Russian investment in uranium and other natural resources. France’s neocolonial control of Niger’s uranium seemed to have ended, nearly sixty-five years after the country had formally gained independence.


Russia’s African adventure was paying off for Putin’s allies, but across the region Wagner appeared no better than France or the United Nations at stabilising countries. The year 2023 turned out to be the hottest (yet) recorded in the Sahel, with record temperatures measured across the region and very little abatement at night-time, making recovery particularly difficult. The extreme heat led to crop failures and livestock deaths, exacerbating food insecurity in a region already vulnerable to climate variability. By late 2023, vast areas of the Sahel were out of the control of their governments, further exacerbating the crisis. Indeed, hunger became a weapon in the conflict: terror groups began deliberate targeting of crops and food storage. In 2022, Russian mercenaries working with Malian forces massacred hundreds of civilians in the Malian town of Moura, according to an investigation by Human Rights Watch.21 But Russia would face defeats of its own, including losing at least fifty soldiers in an ambush by Malian separatists in July 2024.


Over time, the sense of deterioration has been palpable. With every visit that I have made to the Sahel, the security restrictions and precautions are tighter. In the early 2000s, Nigeria’s capital, Abuja, on the southern fringes of the Sahelian zone, was considered a safe city, a place you could drive around late at night with little sense of personal risk. From there, you could drive north to the Sahara, as many adventurous types did at the time, myself included. By the 2020s, terror attacks in the Sahel and Sahara were widespread, with massacres and kidnappings occurring in the historic cities of Kano, Agadez and Timbuktu, places that had attracted tourists in earlier years, fascinated by their extraordinary history and architecture. As the disorder and terror increased, Western travellers were often accompanied by armed guards. On my last visit I was in the capable hands of Jumbo, a well-named giant of a man who had seen it all. But his descriptions of Maiduguri, in the far north-east of Nigeria, a place I remembered as a sleepy backwater in 2001, were startling. ‘I was sleeping with my helmet, bulletproof vest and boots on, ready to run,’ he recalled, laughing grimly. ‘You don’t know your enemy, you don’t even know who’s going to hit you, so just point your gun at everybody.’ At the time he was talking to me in the back of an armoured jeep in northern Nigeria, nearly 13 million people in the Sahel were living in a state of food insecurity, unsure where their next meal was coming from. This was driving disorder, migration and, in some places, outright war. But the climate-driven food crisis was not limited to the Sahel. The scale of the global hunger and malnutrition crisis is enormous, and growing, and is the subject of the next chapter.
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Food: A Global Crisis


The World Food Programme estimated that more than 345 million people faced high levels of food insecurity in 2023. That is more than double the number in 2020. In East Africa, multiyear insurgencies and civil wars in Somalia, South Sudan and Ethiopia have undoubtedly played a major role in driving desperation and hunger, but this is to underestimate the importance of human-induced climate change.


From October 2020 to December 2022, East Africa, which normally has two rainy seasons per year, saw five consecutive failed rainy seasons. The resulting drought was reported to be the worst in forty years, leading to crop failure, livestock losses and millions of people needing humanitarian assistance. Due to higher average air temperatures, the evapotranspiration of moisture from the soil and plants makes the lack of rainfall more serious, intensifying the drought conditions. A level of rainfall that might have led to moderate drought a hundred years ago now leads to extreme drought conditions.1 As in the Sahel, few farmers in East Africa have access to complex irrigation systems to help them mitigate lower rainfall. Across Africa, agricultural productivity growth has dropped by 34 per cent since the 1960s, more than any other region in the world.2


EVERYTHING, EVERYWHERE


Everywhere we look, the challenges faced by small farmers in places like Niger are being replicated, at scale, in countries with huge populations. In central Brazil’s breadbasket, which is one of the world’s leading producers of soybeans and corn, three quarters of the land will no longer be productive by the second half of the twenty-first century, having a major impact on agricultural productivity.3 When I spoke to a senior figure in global agribusiness, looking across a portfolio spanning four continents and a wide range of different products, he said that Brazil was the most troubling environment in terms of managing the changing climate, with falling rainfall and yields. Those soybeans play a huge role in feeding the world’s pigs, most of which are eaten in China. There, the worst drought in six decades in 2022 was followed by catastrophic floods in 2023. Predictions are for China’s rice yields to fall by up to a quarter during the next four decades, and China’s own Ministry of Ecology says that climate change has already ‘significantly impacted cropping systems’.4


Throughout China’s long history, food security has been an obsession of its rulers. It is little appreciated outside Asia that the greatest famine in human history occurred in China from 1959 to 1961. This was during the Cultural Revolution: China’s food system collapsed as a result of catastrophic forced industrialisation policies. The ensuing chaos claimed 30 million lives through starvation. While China produces huge quantities of food, and is the planet’s largest wheat producer, it still remains the most import-dependent country in the world. This is only set to increase, with experts in Beijing expecting more than 40 per cent of China’s food needing to be imported by 2030.5 In response, Xi Jinping announced a National Food Security Law in June 2023, with provisions on protecting farmland, food production, food reserves, food circulation, food processing, food emergencies, and food conservation, supervision and management.6


In India, the world’s most populous nation, the monsoon is the determinant of annual food productivity that overrides all others. Climate change is not expected to cause the monsoon rains to fail. Indeed, under most projections a warming world leads to a wetter monsoon. But extreme weather is the problem here: unpredictable, exceptionally heavy rainfall after a period of drought does not help farmers and has a destructive impact on crops and soil systems. With 70 per cent of Indian households depending on agriculture for their livelihoods, falling yields of rice and wheat are inevitable in the twenty-first century.


But food production is also threatened in the rich world. In Europe, major rivers are at unprecedentedly low levels, and long-run rainfall data over the past four decades shows consistent decreases in monthly rainfall in all parts of Europe. At present, Southern Europe is a key supplier of fresh vegetables and fruits to the rest of the continent. With severe droughts set to increase in the Mediterranean, even under conservative climate change scenarios, yields of wheat and maize will collapse.7 Farms and entire rural communities in parts of Southern Europe are ceasing to be viable, just as they have already in certain parts of Africa and Latin America.


In North America, a similar phenomenon is unfolding. There were more multibillion-dollar climate disasters in the United States in 2023 than in any other year. Indeed, that grim record of extreme weather events had been reached by September of that year, including wildfires that devastated Hawaii and Atlantic hurricanes pounding Florida. But less noticed is what is happening to the earth itself. The soil that is necessary for plants to grow is disappearing due to erosion, urbanisation and degradation of the soil’s health as a result of overuse of chemicals. This is happening faster than new soil can be created by the natural processes of erosion and decomposition. On current trends, large tracts of America’s Midwestern farm belt will be without fertile soil by the middle of the twenty-first century, with extreme rainfall accelerating the process.8 Similar processes are happening elsewhere, even as soil currently supports the production of 95 per cent of all humanity’s food. As a result, soil itself becomes a valuable commodity. In Ukraine, the famous chernozem (‘black earth’) soil, one of the Earth’s most fertile, is being dug up and sold in a black market worth a billion dollars annually.9 According to a senior member of the UN’s Food and Agriculture Organization, the pace of erosion of topsoil is such that the world may have ‘run out of soil altogether’ by the 2070s.10 What would this mean in practice? The amount of land needed to continue to feed the growing numbers of people in the world will increase exponentially beyond what Earth can provide.


TEN BILLION


As we deplete the Earth’s ability to feed us, we are also filling up the planet with people. We have already seen the rapid population growth in the Sahel. That reflects the wider picture in Africa, which has roughly 1 billion people today and will have roughly 2 billion by the middle of this century. This is something to be celebrated: the increased survival rate of African infants is the largest factor in this change.11 And as the population grows in Africa and Asia, it has levelled out and started to fall in Europe, North America and East Asia.


Population growth projections are feverishly debated, often with an unpleasant underlying agenda that argues that a Global North, whose population is largely stable, is culturally threatened by rampant growth in the Global South. Versions of this argument feed into extreme politics, including the racist ‘great replacement theory’, which posits that the ‘white races’ of the Global North are under threat from the ‘dark-skinned’ peoples of the Global South.12 This rhetoric has moved from the fringes to enter the political mainstream. In 2023, Italian Prime Minister Giorgia Meloni and her Hungarian counterpart, Viktor Orbán, held a ‘demographic summit’ in Budapest to address this issue.13 Britain’s Conservative party, which regards itself as part of the centre-right, has followed, with immigration minister Robert Jenrick calling for the government to ‘encourage more families to have children’ while calling for a reduction in migration.14 Nonetheless, while population growth is stagnant in most rich countries, there is a consensus that the world’s overall population is still rising, even as the rate of increase is slowing, from around 8 billion now, probably reaching 10 billion at some point in the second half of the twenty-first century.15


Alongside fears of declining populations in the Global North, another spectre, of an overpopulated world unable to feed itself, has overshadowed demographic studies, literally for centuries. In 1798, the English economist Thomas Malthus wrote An Essay on the Principle of Population in which he postulated a near future with a global population unable to feed itself. This crisis would ultimately correct itself as a result of starvation and widespread mortality. As Malthus wrote: ‘Famine seems to be the last, the most dreadful resource of nature.’16 Since then, the concept of a Malthusian Crisis has largely been dismissed as a gloomy anachronism: where there have been terrible famines, such as in China, this has been a result of the failure of a local or national food system, not a global shortage. When Malthus wrote, the world’s population was 800 million, a population which fed itself from unmechanised agriculture. In the intervening period the world has managed to absorb a population ten times larger and still be able to feed itself, thanks to continued improvements in agricultural productivity.


LIMITS TO GROWTH?


The burning question is whether the earth can continue to provide that increased productivity. From Malthus onwards there are countless examples in history of people predicting that the world had reached its capacity limit for feeding its population, only to be proved wrong. One such, from the Club of Rome, a respected think tank, was published in 1972 with the title The Limits to Growth. It was one of the first to use computer modelling and concluded that without a change to human behaviour, ‘the most probable result will be a rather sudden and uncontrollable decline in both population and industrial capacity’ during the twenty-first century.17


Humanity is not powerless in the face of these challenges. On the contrary, its capacity for innovation is staggering. Recall the start of the COVID pandemic, when well-informed people predicted that it would take several years to develop a vaccine. In fact, several highly effective vaccines were developed within a year of the virus emerging. A similar process happened with agriculture in the twentieth century. In the 1960s, scientists such as Norman Borlaug developed new strains of global staple foods, notably wheat and rice, that were resistant to blight and as much as ten times more highly productive than preceding varieties. This series of scientific breakthroughs, known as the Green Revolution, played a significant role in the transformation of the world economy, particularly in Asia, in the late twentieth century. The 1972 predictions of the Club of Rome had not come to pass fifty years later.


But that may not mean that the capacity for greater food production is limitless. And the climate crisis is the major geopolitical shock that changes the equation. As we saw in the introduction, in a world of climate breakdown, geography itself is no longer a fixed parameter. And all the evidence, whether in the wealthy countries of the Global North or the painfully poor lands of the Sahel, points in the same direction: agricultural productivity is falling as a result of the climate crisis. This would be a problem in a world where the population sits at 8 billion. It becomes a far more troubling problem with a global population of 10 billion, or even 11 billion by the end of the century.


Most projections of the future food demands of a world population of 10 billion posit that, although this represents an increase of 25 per cent from now, global food demand will be at least 50 per cent higher. This is because as people become more affluent, throughout human history, they eat more meat, particularly red meat. Every 100 grams of protein of farmed beef creates around fifty kilograms of greenhouse gases: partly from cattle emissions, and partly from the complex food chain needed to feed these animals. For poultry meat, the number is a little more than a tenth of this figure. If we get our protein from plants, we generate a tiny fraction of this amount. Beef is 191 times more polluting than nuts, but the global middle classes prefer burgers.


But it is not just demand for beef that will surge: by 2050 the earth will need to produce 40 per cent more rice to feed its 25 per cent larger population. This is because, for the poorest in Asia, rice is a prestige staple. If the world is going to be able to feed itself, rice yields, above any other foodstuff, need to increase dramatically. Scientific research is underway to try to re-engineer rice to need less fertiliser and less irrigation, and to be far more productive. But there is no guarantee that this work will re-create the successes of the twentieth-century Green Revolution.18 And growing vegetables is still contributing greenhouse gases: all modern farming depends in some way on the use of fertiliser, most of which is ammonia, produced by an energy-intensive industrial process involving reacting nitrogen with hydrogen at very high temperatures. At present, the global food system is dependent on fossil fuels and contributes over 30 per cent of global greenhouse gas emissions.19


FEEDING INDIA


India’s agriculture sector may be the single most important determinant of global hunger in the twenty-first century. During the period of writing this book, India’s population surpassed China’s, an epochal moment in which, for the first time in recorded history, China is not the most populous nation on Earth. India’s population is projected to peak in the late twenty-first century around the 1.75 billion mark. India’s agriculture sector has increased production but has not kept pace with the increase in population. And thanks to climate change, yields have already fallen in the first decade of the century, according to the IPCC.


The key staple food in this equation is rice, and the only way that India avoids a major food crisis will be through a radical transformation of rice yields. At present, rice represents the single largest source of calories consumed by humans. According to an Oxford University study, rice production would need to increase 50 per cent by the middle of the century if there is any chance of achieving this goal: land that provided enough rice to feed twenty-seven people in 2010 will need to support forty-three by 2050.20 The modelling used in this study did not adjust for climate change, so in reality the pressure on that agricultural land, or the pressure on farmers to become more productive, will be even greater as the climate makes farming harder overall. As we saw in the earlier chapter regarding the Arab uprisings of 2011, the lack of availability and affordability of food can be a precursor of major political and geopolitical turmoil. If the rapidly growing economies of Asia, and particularly India, are to avoid national crises, a solution to feeding its people will need to be found.


At present, all varieties of rice are what is known by plant scientists as ‘C3’ plants. This description refers to the metabolic pathway – the series of chemical reactions – by which plants convert carbon dioxide in the atmosphere into a substance that, in the case of rice, is ultimately something we can eat; this is of course the process called photosynthesis. An enzyme called rubisco is the crucial chemical in this process. In C3 plants such as rice, the carbon dioxide is converted to an organic compound called 3-phosphogylycerate containing three carbon atoms (hence the C3 classification – which encompasses the majority of plant species on Earth). Other agriculturally significant C3 plants include soybeans and cassava, but rice is the most important, being the primary staple food for more than half the world’s population.


C3 plants are picky: to grow efficiently they need high concentrations of carbon dioxide, moderate temperature and sunshine, and plenty of water.21 On hot, dry days, plants will close their stomata, the tiny pores on the surface of their leaves that are rather like human sweat glands, to prevent themselves from drying out. This is a logical response to heat, but also a problematic one: the plants also need these stomata to be open to allow carbon dioxide to enter the leaves. Therefore, in hot weather, the C3 plant does not grow efficiently. At the same time, in hot conditions, instead of fixing in carbon dioxide which it turns into useful plant matter, the rubisco enzyme in the C3 plant fixes more oxygen, which is unhelpful for growth, and the plants then waste energy getting rid of the by-products. In very simple terms: in temperatures over 30°C, rice becomes a far less productive plant because its energies are expended in managing the effects of fixing oxygen that it doesn’t actually need. This effect will be mitigated slightly by the general increase in carbon dioxide in the atmosphere, which is the fundamental factor driving the climate crisis. But the overall trajectory is clear: a variety of studies have shown that overall rice yields will fall with higher temperatures, even accounting for increased carbon dioxide.22


There are agricultural plants that grow well even in high temperatures and drought conditions. One example is maize, which is classed as a ‘C4’ plant because it converts carbon dioxide into a compound containing four carbon atoms. C4 plants have a different structure, which excludes the unhelpful oxygen and causes only carbon dioxide to be pumped into the cells where the rubisco does its work. This is important because rubisco is undiscerning – if it is given oxygen, as it is in C3 plants, even though that is unhelpful, it will try to process it anyway. The photosynthesis process in C4 plants is sometimes likened to a turbocharger, making far more efficient and focused use of the fuel (carbon dioxide).


The global production of rice will be the single biggest determinant of human hunger in the decades to come. In order to feed the world’s, but especially India’s, growing population it will have to be fundamentally genetically re-engineered to enable it to flourish in the climate of the future. In what has been described as ‘the botanical equivalent of a moonshot’, scientists are attempting to convert rice from its current C3 structure to becoming a C4 plant.23 This is a hugely ambitious task for the C4 Rice Project, a global team of researchers primarily funded by the Bill and Melinda Gates Foundation. Converting a plant from C3 to C4 is not analogous to the sort of genetic modification that is currently in widespread commercial use in agribusiness to improve yields and increase resistance to certain diseases. It is far more demanding and groundbreaking, perhaps something more like giving a duck the ability to lay hen’s eggs. And it may be a problem that is too big for modern science.


My visits to the frontlines of the climate crisis have taken me to the High Arctic, to the fringes of the Sahara Desert, to the water-stressed cities of the Middle East. But these frontlines are sometimes in less expected places: for example, a nondescript office in Oxford University’s biology department. This is neither a stereotypical Oxford don’s study, with gothic arches and panelled walls, nor a brightly lit, ultra-modern laboratory full of people in white coats manipulating puzzling machines. Instead, it conforms to another stereotype: the shabby British public institutional building, solidly built but now showing signs of wear and tear. There I met Professor Jane Langdale, the current coordinator of the global C4 Rice Project team.24


Langdale is disarmingly honest. In a world dominated by carefully crafted public statements by politicians and business leaders talking up their share prices, it is slightly disconcerting to be speaking to someone ready to acknowledge the challenges and setbacks in their work, as much as the successes and breakthroughs. She begins by explaining that the world has become accustomed to the idea that scientists can achieve amazing developments in a short space of time if given the resources. The COVID vaccine or recent leaps forward in AI technology give the sense that almost any problem can be fixed, if we turn our minds to it. But plant science suffers from decades of under-investment. ‘It has always been the poor relation,’ muses Langdale, ‘meaning that we’re starting from a lower base.’


Another challenge is that Langdale’s researchers are hostages to the life cycle of plants. No matter how much money you have to play with, this cannot be sped up in any significant way. Plants have to grow to maturity in order for scientists to see whether their experiments have worked. Even for an agricultural crop such as rice, this means a process of several months. There is no ‘warp speed’ version. In 2023, Professor Langdale judged that her team would need a minimum of ten more years to develop a C4 plant and it was by no means certain that they would be successful in their quest. As Langdale noted, ‘Organisms push back.’


The scale of the challenge cannot be overstated. C4 plants are not common: they account for about 1 per cent of plant species, albeit including some important food staples such as maize, sorghum and sugar cane. There has been some speculation about whether rice’s position as a staple food in Asia could be replaced with another crop, such as sorghum, which grows better in high temperatures and drought conditions. But this doesn’t appear realistic: the centrality of rice to Asian food culture has developed over millennia of human consumption and is very unlikely to be discarded in a short period, or even a few decades. Its significance is seen from its presence in a variety of religious ceremonies, such as rice offerings for ancestors, common in Buddhist societies across Asia, and the veneration of deities seen as protectors of this staple food.25 Nevertheless, food cultures do change over time. China’s per capita beef consumption doubled over the first two decades of the twenty-first century.26


Could rice-hungry Asian consumers be persuaded to change their habits? In August 2022, Indonesia’s President Joko Widodo instructed his ministers to come up with a sorghum production strategy, with a view to reducing his country’s dependence on imported rice. A vision of a future in which Indonesia’s subsistence farmers were able to feed their fellow countrymen on this hardy grain was conjured in a series of press releases. Sorghum has much to recommend itself: in addition to its hardiness in hot and dry conditions, its health benefits are widely recognised. It is gluten free, high in iron and helpful to people with diabetes, one of the world’s fastest-growing diseases. These health benefits combined with its climate resilience have led people to see sorghum as a saviour, a ‘wonder grain’ and a ‘miracle food’ that is the solution to the world’s nutrition challenges.27


Unfortunately, for all its advantages, sorghum is not the silver bullet that it is claimed to be. While it can grow in harsh, dry conditions, it is about five times less productive than rice in terms of tonnes per hectare. Sorghum would require huge additional areas to be planted to have a chance of feeding the growing Asian population of the future. Converting tropical forest to arable land reduces the CO2 absorption capacity of that land, however, so millions of hectares of new sorghum plantations would not necessarily be good news for the environment.


All these factors are a reminder that no simple solution exists for the looming global food crisis. There isn’t a miracle grain or a type of magic rice. But this is not a counsel of despair. As Professor Langdale explained to me, short of a complete re-engineering of the genetic structure of rice, there are plenty of simpler changes that can be made to help maintain farmers’ productivity in an age of extreme weather. Presently, most rice is grown in paddy fields, in which plants are planted into ankle-deep water. Paddies need water, but flooding, something that is increasingly common in the climate crisis era, can destroy rice harvests.


Bangladesh is one of the most flood-prone countries in the world and 80 per cent of the total calories consumed in the country are in the form of rice. In a normal year, a fifth of Bangladesh’s agricultural land is affected by floods. In bad years, this can be as much as half the farmland in the country. Every year, the food security of tens of millions of households in Bangladesh is threatened by flooding, a situation that will only increase with population growth and increasingly extreme weather patterns. In response, Bangladesh’s national rice research institute developed flood-tolerant varieties known as Sub1 rice that can flourish even after spending weeks underwater. This, in Langdale’s view, is an example of the sort of genetic tweaking that is an urgent and achievable response to climate risk, much simpler and more accessible than the hoped-for breakthrough of creating C4 rice.


The basic trend of the climate crisis era is clear: food production is falling and the numbers of people needing that food is rising. What this points towards is an increase in competition for food and, in some cases, conflict.
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