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Introduction

THE JOURNEY

This is a story of a journey. Like most journeys, it started out as a personal quest, but for us it has also been a professional one. It began when we were young scientists, driven mostly by curiosity and looking for the next big adventure. We found adventures aplenty, because our jobs as palaeoecologists – people who study how our planet changes through time – took us to remote places all over the world. Along the way we fell in love and got married, and then the personal and professional adventures started inexorably to intertwine. We had one daughter, and a few months later got her a passport and hopped a plane to Australia. Then another daughter, same routine, but this time it was six weeks in Patagonia. By the time our kids were two-year-olds, they’d spent many nights in wilderness tents with us, buried their fingers in koala fur, been carried on our backs as we forded waist-deep rivers and stared down grizzly bears, and fallen sound asleep in their snugglies as we skied back-country trails. By the time they were fifteen, they had their own list of exploits: they’d hunkered down in their own tent as lions paced through camp, taught our graduate students the Latin names of various species, trapped rodents in Patagonia, faced off angry rattlers in the Oregon desert, and watched grapefruit-sized chicken-eating spiders lead around their hundreds of young on a dark Amazonian night.

By now we’ve travelled to every continent in the world, save Antarctica; sometimes together, sometimes alone, sometimes with our daughters, sometimes not. All those trips were research expeditions as well as adventures, each of them undertaken to learn something about how nature worked in the places on which we hoped humans had not yet laid a heavy hand. And we did discover answers to some of the questions we were asking – like how animals respond to climate change that isn’t caused by people, what causes mass extinctions, how ecosystems are assembled, and how evolution works at the genetic level to keep species alive.

But we also discovered that as the years went by and the personal and professional experiences added up, the questions we were asking ourselves began to change. From the personal perspective, the more different places we visited, the more they seemed the same in a very important respect: the values that people hold dear. Eventually we came to understand that the basic wants, needs and emotions that draw people together are much more deep-seated than those that separate cultures and countries. It didn’t matter whether we were with the native Inupiat in an Arctic fishing village, with an indigenous tribe in the jungle of Peru, with scientific colleagues in India, or with executives imbibing at a fancy hotel in one of the great cities of the world. Everyone seemed united in wanting a healthy, comfortable life, putting family and friends first, and in the joy they took in basic pleasures like a good meal, a good laugh, or a pleasant stroll through a pretty place. And without exception, no matter the religion, the country, the political views or the economic class, everyone wanted the best for their children, and hoped that as their sons and daughters grew up, the world would just get better and better. As we watched our own daughters grow up, listening to their own dreams and hopes, we realised that we were no different from anyone else in those respects. Adventure and curiosity were no longer the be-all and end-all; giving our kids, and everyone else’s, the future they deserve became much more important. And our lives in science began to change.

The more we saw, the more our professional perspective shifted. At some point the individual expeditions came to seem more and more like beads on a string, each bead distinct, but when all were taken together, forming a pattern that was hard to miss. And the pattern was that the world was changing before our eyes, much faster than any past changes we were familiar with from our studies of the deep-time history of the planet. Much of our earlier work had revolved around climate change before people got in on the act, so we knew what pace and magnitude of warming temperatures could be considered normal in the planet’s history, and there was no doubt about it: what was happening today was way too much and way too fast. Likewise, we’d worked hard to figure out why species died out in the past, and what normal levels of bio-diversity should be, both in terms of numbers of species and their genetic diversity. Again, the losses we were seeing now – from giant otters in Amazon lakes, to wild dogs in Africa, to amphibians in the Rocky Mountains – were way too many.

We started to wonder, long and hard, about what exactly was driving the unusual and rapid changes that were happening all over the world. We knew, of course, the broad brush of the answer: people. The ecologists whose articles we had studied and who we now worked with on a daily basis were more senior than us, and had been publishing research about how people were changing the planet for decades. In some cases they had been reaching out and trying to spread that message to the world. But reading it in a scientific journal or book, or hearing about it in a professional presentation, didn’t resonate at the gut level as much as it should have. Yes, we knew we’d been born into a world that held fewer than three billion people, and that as we progressed through our lives and careers, that number had more than doubled. But like most people, we’d also grown up in a world of limited horizons that made it pretty hard to observe first-hand the connection between more people and planet-sized changes – Tony was born into a poor working-class family in small-town Colorado and never saw much else until well into his twenties, and Liz grew up as a military brat, moving from one army base to another every couple of years, each one looking very much like the next, albeit in many different states and different countries. But eventually we began to connect the dots from all the places we’d travelled to in our careers, and we saw the links between the added billions of people in our lifetime, and hunger, poverty and unhappiness.

Through the years we also saw how it was getting harder and harder to find places that felt they hadn’t been changed in a big way by people. The haze from faraway cities or power plants or wildfires would often obscure our view, even when we thought we were in the middle of nowhere. On our plane journeys from one part of the world to the next, the features we saw on the landscape below were usually farms and pastures, unless they were barren desert, open ocean or rough mountainous terrain. On night-time flights, the lights from cities and highways seemed to spread out below us everywhere. When we started compiling some numbers, we knew why: almost 50 per cent of Earth’s land has been changed from forests and prairies to farms and pavement. That meant that each person on Earth requires about two acres of land, on average, to survive, given current diets, expectations and ways of doing business. We realised that the ratio of used land to people can’t keep up for very much longer, given how fast we’re adding human bodies to the world, and that we’ve already used up nearly all the good land.

As more years went by, we did more research, and we found that the number of humans and their domestic livestock on Earth now is about ten times higher than the planet could support before we – people – discovered how to increase its carrying capacity for big animals, including us, by mining fossil fuels from the ground. We watched HIV/AIDS take the world by storm, and realised that new diseases can, and do, crop up to kill us, and can change things as basic as people’s sex lives. We went into the jungles of Costa Rica and found out that as far as disease goes, HIV/AIDS is not unusual in being transmitted from wild animals to humans, and that such transfer of disease happens more frequently as more people, looking for places to live and make a living, take over rapidly diminishing areas of wild lands.

All of these things made us wonder, just what was the future up against? It didn’t help that in recent years we read seemingly ever more often about conflicts and genocides that were springing up around the world, many of them triggered by scarcities in such basics as food, water or oil. We knew about wars from our growing up – in elementary school, duck-and-cover drills, which amounted to hiding your head so you wouldn’t see the nuclear bombs fall before they vaporised you, were an ingrained part of the routine. We dodged that bullet, but not the Vietnam War – Liz’s dad did two tours of duty, and our generation lost friends there. Nobody wants that for their children. And then came the ever-present crises in Africa, the breakup of Yugoslavia and the USSR, 9/11, Iraq, Afghanistan, Ukraine, recurrent Israel–Palestine tensions, and now the rebel Islamic State. Was the world going into a downhill slide?

We grasped that, strange as it would have seemed to us when we started out as palaeoecologists, the kinds of data we had spent decades examining held the answer to that question. At that point our lives and careers, as lives and careers do, took an unlikely turn. About the time we were pondering the magnitude of current global changes and how they compared with those past, along came one of the most exciting and revolutionary realisations in ecology in recent years: that what we like to think are gradual environmental changes in fact turn into sudden ones that we don’t expect. In popular parlance, these are tipping points, and they happen because, in all walks of life, gradual change accumulates slowly until it hits a certain threshold, and then all hell breaks loose. We saw that in our own lives, when we fell in love – a gradually developing friendship, and then, boom, things suddenly changed forever, luckily in a good way. The sudden changes can just as easily be bad, though – like the death of a loved one, which also changes lives forever. On a larger scale, ecologists and theoreticians now know that sudden tipping points are not unusual in biological systems of all scales – think about a lake going overnight from clear, clean water to green algae scum, once the water reaches a certain temperature and nutrient load.

As we reflected on our palaeoecological research, we realised that we’d actually seen the entire Planet Earth hit tipping points before. Times like sixty-six million years ago, when an asteroid struck the planet and acted as the coup-de-grâce in killing three out of every four of the species known at the time. Or twelve thousand years ago, when the one–two punch of natural climate change and growing human populations wiped out half the big-bodied animals on Earth, at the same time that it went from a cold planet largely covered in ice to the warmer one we know today, which then fostered the growth of human civilisation.

Those past tipping points made us sit up and take notice. Since it has happened before, could Earth be headed for yet another planetary tipping point? And if so, just what does that mean for our children, and for theirs? Or, for that matter, given the lightning speed at which we have seen the world change, what does it mean for our own future?

We’ve now spent a few years, along with many other scientists, trying to answer those questions. And what we’ve discovered has surprised us: first dismaying us, and then giving us hope. The dismay is that if we keep on with the way we’ve been doing things, it is inevitable that the world will soon tip into a permanent state that is worse than what we are used to now. That end game will not be one we want for ourselves, and certainly not one we want for our children. The hope comes from learning that there are feasible ways to change the future, heading it towards an end game with the outcome of a better life, a better world – but only if we, as in all of us, act fast.

These things are what this book is about – our journey of discovery about ourselves, and about the planet we love. We hope that reading it will be a journey for you as well, one that ends in your own personal tipping point, where you comprehend that you really do have the power to change the world.


1

PAST OR FUTURE?

Liz, in the Himalayas of Nepal, April 2012

It all happened pretty fast. One minute, I was sitting outside sipping my tea. The next, I was hunkered down in a cold, smoky hut, patching up a Tamang woman’s bloody scalp, which she was lucky to have at all, given the machetes that were swinging around. Like most activities around sundown in that part of the world, it was a race against time, because darkness was coming on fast, and candlelight just wasn’t going to be up to the task.

When I had boarded the plane for Nepal a few days before, that kind of adventure was the last thing on my mind. I had set out with one of my Ph.D students, Katie Solari, to meet up with my Indian colleague, Uma, and her Nepali student, Nishma Dahal, in Kathmandu. Our four-woman crew was then going to head into the Himalayas to figure out which species of pika, a fluffy but short-eared cousin of rabbits, occupied which elevations in the world’s highest mountain range. We wanted that information in order to learn how the pikas are responding to the rampant climatic warming that is now heating up that part of the world, as a kind of bellwether for predicting how global warming will change wildlife in general. Pikas, it turns out, are the perfect natural experiment in that regard, because their physiology prevents them from tolerating warm temperatures. As warming climate causes mountain environments to heat up, the pikas move upslope, taking advantage of the fact that for every hundred metres of rise in elevation, temperature falls by a little less than 1°C. Our thought was that by tracking their upslope movement over a series of years, and performing genetic tests on them to see how the animals we trapped were related to each other, we could use the pikas as the proverbial canaries in the coalmine to help forecast Earth’s ecological future.

Since we left Kathmandu, we’d been moving upslope at a much faster rate than the pikas, and we were glad of it. After hiking for two days we were above three thousand metres. The high mountain air felt fresh, if a little thin, after our time in the valley, where brick kilns and fires thickened and darkened the air with a blanket of dense smog. That was far behind and below us now, and we revelled in being in one of the world’s treasured landscapes, ascending through hillsides covered with startlingly vivid arrays of red, pink, white and purple rhododendrons. I scanned the forests for signs of the red panda, since we were in one of the last strongholds of the species. What caught my eye instead, though, was that there was no real forest understorey, and although the trees were straight and tall, all but the highest branches were gone, leaving no cover for birds, much less for red pandas.

Just before reaching the ridgetop that day we met a striking Tamang girl who invited us to stay at her family’s teahouse overlooking the slopes where the red panda was said to reside. Her smile was warm, the afternoon was cold, and we did not hesitate about taking her up on her offer. We didn’t have any better options anyway. Despite the constant signs of humanity along the trail – trash everywhere, even the steepest slopes levelled into slivers of land to grow a few meagre crops – dwellings were few and far between. Our hosts’ hut was one of only two built on the narrow ridgeline, both doing double duty as homes and as teahouses for people like us. Outside each, the family matriarch was sitting in her Tibetan garb, knitting the woollen hats that are so popular among the trekkers who pass through. I shared my binoculars and field guide with a young boy in my hut’s family; he was tan from being outside, and ready with his smile. He pointed to the birds he knew in the guide, miming the places in the forest where they lived. I scrambled around the rocks near their small cabbage garden, looking for evidence of pikas, but didn’t find any. Nishma translated that the boy had not seen any for a while, and that he thought the weasels had eaten them all in the last couple of years.

So I sipped my tea outside, reflecting on the day, waiting for the daily dinner of dal bhat (Nepali lentils and rice). That’s when the shrieks jerked me out of my reverie.

All of a sudden mothers, fathers, kids, aunts, uncles and who knows who else – all the residents of the two houses – were pouring down the hill. The boy who had been so interested in my field guide had been caught stealing wood from a pile collected by the son of the other family, who had done all the hard work shimmying up the trees, cutting off branches as he climbed. The fight was on. Both boys swung their kukris (curved machetes) at each other. Their entire families – parents and children alike – joined in the fray, beating each other with sticks, pulling at braids, grabbing at clothes, scratching and screaming. All the while, the kukris kept swinging.

At the end, all were bruised, some were bleeding, clothes were ripped and shoes were lost. While another trekker patched up the gash on the head of the matriarch from the other teahouse, the matriarch from ours asked me for medical help. Fist-sized clumps of her hair had been torn out, her face was cut, and large bumps had appeared on her head and brow. As I patched her up, the two families continued to hurl curses at each other.

The violence in this spectacular, top-of-the-world setting was jarring – the wood they were fighting over was for our evening’s cook fire. For me, the pieces fell into place. Every day, young Tamang boys travel from higher, barren elevations down to the upper treeline to collect wood. That’s why we noticed as we climbed higher that all the low branches were gone. The trees were being stripped bare where they stood, leaving no cover for the red pandas, which ironically are a major lure for the trekkers, the profits from whom the Tamang rely on for the few things they have that they don’t take from the land – like mobile phones, and the small solar panels to charge them.

The problem is, the land is starting to let them down. Or maybe it’s vice versa. For the days we worked in the Himalayas, we, through our Tamang hosts’ cooking, depended on the wood collected from those trees that were being stripped bare, the water that was syphoned from the melting glaciers above, the cabbage and potatoes grown in small family gardens, and the rice and lentils carried up the mountain on their backs. I had climbed above five thousand metres, and thought I had escaped the smog and chaos of the ‘modern world’. But what became all too apparent was that there is now no place clear of humanity’s impact. And that the farther you get from our creature comforts, the closer you live to the land, and the more apparent is our dependence on Earth’s natural resources.

Even more of a wake-up call was seeing that where those human impacts get to be too much, you end up in the middle of a machete fight, the result of tensions that boil over as an inevitable byproduct of depleting what you need to stay alive. I was left with an uncomfortable question in my mind. Had I seen civilisation’s past in those mountains of Nepal, or had I caught a glimpse of the future?

*   *   *

Judging by the trends of the last few decades, that machete fight, and what led to it, is all too plausibly the world of the future. What is now normal – not only in places we usually think of as economically underprivileged like Nepal, India and Africa, but in fact through most of the world – is a landscape and seascape that has been so changed by humanity that our life-support systems are teetering precariously on the brink of collapse. And in systems as complex as those that keep society ticking along in the way we’re now used to, collapse has a habit of sneaking up so stealthily that you’re blindsided. Suddenly you’re in the middle of a new normal, and suffering devastating consequences that are happening too fast to do anything about.

In popular parlance, that’s known as hitting a tipping point. Things may seem to be changing gradually, or at face value even not at all, until you reach some critical threshold, and everything becomes different. Think, for example, of water heating up on the stove. The reason it seems a watched pot never boils is because you don’t observe any major changes until the water reaches a critical temperature, which (depending on the heat of the flame) can take a long time to happen. When the temperature does hit the boiling point (about 100°C, or 212°F, at sea level), however, instantly everything changes. Bubbles roil, and the water changes its state, turning into steam. Boiling water exemplifies what scientists mean when they talk about tipping points: a rapid change from an ‘old’ state of being to a new, very different state, caused by pushing the system past some important threshold value. The actual change from the old state to the new one is called a ‘critical transition’.

Tipping points (or, if you want to sound like a scientist, critical transitions) are not confined to boiling water. At just about any scale and in any system you care to name, you can think of one. The egg gradually rolls towards the edge of the counter, until it drops over it and reaches its new state of being broken on the floor. A butterfly metamorphoses from a caterpillar, or a frog from a tadpole. The canoe rocks, then all of a sudden tips over and is upside down. Your car runs perfectly well, then one day it won’t start. Property values build up over decades, then crash in a year.

For people too, tipping points are the rule rather than the exception. In fact, if you think about what happens to you and your loved ones, tipping points are the defining moments. A woman is pregnant for nine months, then in the space of minutes a baby is nursing at her breast. Tipping point. The baby grows, gradually learns to talk, walk, play, reason, and then all of a sudden hits puberty. Big tipping point. More gradual change through the teen years, young adulthood, and then that special someone comes along and two previously separate lives join together in marriage – once again, a tipping point. Gradually the two grow old together, accumulating their respective aches and pains as middle age gives way to the retirement years, then a fall breaks a hip. Another tipping point. And finally, of course, the biggest state-change of all, from life to death.

The ubiquity of tipping points has prompted a great deal of research among theoreticians of late, which has made it very clear why living things tend to experience major changes in such fits and starts. Basically, it has to do with how many parts something is built of, and how those parts are connected to one another. The more parts there are, and the more intricate their connections, the greater the likelihood that the resulting system will remain stable for long periods of time. But by the same token in such systems, the greater the likelihood that when change does come, either by tweaking lots of parts simultaneously, or by damaging just one super-critical part, it will come fast, and it will hit hard, flipping the system from its ‘old normal’ to a ‘new normal’. These sorts of systems – with many intricately connected parts that influence each other – are called, not surprisingly, ‘complex systems’ in the jargon of science.

Living things are extremely complex systems, composed as they are of millions of mutually interacting parts that are connected to each other in spaghetti-tangle ways. The scale of the complexity begins to boggle your mind when you realise that anything alive is actually built of many smaller-scale complex systems, separate entities in themselves, but connected together to form ever-larger and even more complex systems. Starting at the molecular level, for instance, DNA replication itself is a complex system that we are just barely beginning to get a working knowledge of. That, of course, is intimately dependent on the workings of, and at the same time influences, the slightly larger-scale complex systems that we call cells. And so it goes, with connections between cells, organs, individuals, groups of individuals, species, communities, and entire ecosystems. The human body has more cells of microbes than human cells; the complexity of our own body’s ecosystem is not remotely well understood. The most complex system of all is the global ecosystem, which is composed of all life on Earth, and the myriad ways that life forms interact with each other and with the inanimate environment around them (like air, water, soil, and so on).

Which means that humans, being life forms ourselves, are not at all separate from the rest of the global ecosystem; on the contrary, we’re intimately embedded in it, just like every other animal (and plant, and microbe – it’s a long list). We count on it for such essentials as a place to live, air to breathe, food to eat, water to drink, and for comfort and solace. But there is no denying that, unlike other animals, our place in the global ecosystem has taken on an unusual role – because we now dominate it. So much so that, just like the flame heating that pot of water towards a boil, we have been inexorably pushing key pieces of our planetary life-support systems towards a tipping point. The tipping point we are pushing towards, however, differs from the boiling of water in an important respect. Once you cool steam, it returns to its previous state, liquid. By contrast, there is no going back once we cross the sort of threshold we’re marching towards, which is more like the one an egg crosses when it tips off the edge of the counter.

People who study tipping points for a living have a name for crossing those thresholds of no return – the system is said to exhibit ‘hysteresis’. The resulting irreversible kinds of state-changes become more and more likely as the complex system gets, well, more and more complex. Intuitively, that makes a certain amount of sense. The more parts to a system, and the more interdependencies between those parts, the harder it is to get all the pieces back in the same order if it happens to fall apart – say because a critical part wears out, or because you inadvertently broke it. Think of the watch you took apart as a kid, or the cars we drive today.

At the huge scale of the global ecosystem, the number of parts, their diversity of function, and the number of connections between them are so enormous that it is little wonder that hitting a tipping point means big, irreversible changes. That isn’t just theory: the geological and palaeontological record is replete with evidence of past threshold crossings that changed the planet forever. One of the most famous is dinosaur extinction, which happened about sixty-six million years ago. In that case, the global ecosystem was almost literally pushed past a critical threshold by an asteroid slamming into it, with cascading impacts throughout the planet. For tens of millions of years prior to that, the Earth had maintained a supersized version of the food chain, where Tyrannosaurus rex and its cousins hunted prey that in some cases stood as high as a two-storey house and weighed thirteen tons or so. In the course of what may have amounted to a bad weekend, all that was over, and the new state of the world was one where puny mammals, and eventually us, began to rule the Earth.

Not all planetary-scale tipping points are caused by something as dramatic as an asteroid strike, but even so, they still show up unmistakably in the geological record. The most recent global state-shift was when the last ice age gave way to the interglacial warm time in which we still live. The glacial state featured ice, miles thick, covering much of the northern hemisphere and mountain glaciers throughout the world, a condition that had prevailed for about a hundred thousand years. Then, over the course of a few millennia, beginning about fourteen thousand years ago, the climate gradually got warmer, without much overall effect, until suddenly, with a last flicker from cold to warm between eleven and thirteen thousand years ago, the new interglacial state arrived, and it was a whole new world, one without massive continental glaciers.

That was an important global tipping point for humanity, because it set the stage for our domination of the planet. The cause was a complex interplay between three features of the Earth’s orbit around the sun that vary regularly, but at different paces: how elliptical the orbit is, how much the Earth’s axis tilts, and how the Earth wobbles as it rotates. As those three orbital features came into alignment over thousands of years, not much happened to the glaciers, until finally the Earth was in just the right position to maximise the amount of sunlight striking at critical seasons. With that, a warming threshold was crossed for the planet, the glaciers disappeared rapidly, and new ecosystems assembled virtually everywhere, as plants and animals formerly separated by ice came together. At the same time, humans finally arrived on every continent (except Antarctica), and began to grow dramatically in number, while other large animals died out rapidly. Then, around eleven thousand years ago, the global ecosystem stabilised into its interglacial new normal, where it has been right up until the last couple of centuries. This new normal caused formerly continuous landmasses to become separated by high sea-level stands, and their plants and animals set off on new independent ecological and evolutionary journeys. Now, though, the world has once again begun to change in a way, and at a speed, that signals a new planetary tipping point is just ahead.

This time it’s not something from outer space or Earth’s orbit that’s pushing the planet towards a point of no return. It’s us, pushing relentlessly towards thresholds on several different inter-connected fronts: population growth, overconsumption of natural resources, climate disruption, pollution, disease, and killing anything that gets in our way. Some scientists think that going too far in any one of those arenas could push Earth past a planetary boundary that would have devastating consequences. Think, then, what would happen if we exceeded critical thresholds in more than one of them at once. Again, both intuition and data predict some very bad effects. Intuitively, two bad things hitting at the same time is clearly going to have much more impact than only one. We can again turn to the past to see that this is indeed the case when it comes to global tipping points. The kind of climatic shift that eleven thousand years ago turned an ice-age Earth into the warmer planet we’re used to had in fact happened many times over the past couple of million years. But evidence about the last ice-age-to-warm critical transition suggests that it was different from any of the others in a very important respect. That last big climate change was also accompanied by the extinction of half of the big-bodied species on Earth – instead of the full complement of about 350 such species, the last global tipping point left us with only about 180.

The reason? It wasn’t just hitting a critical threshold in the climate system. It was hitting that climate threshold at the same time that Homo sapiens expanded their populations, colonised the world, and began to hunt and to compete with other large-bodied species. Where climate change hit in places where humans had not arrived there were sometimes a few extinctions, but nothing too major. Where humans arrived on a continent before climate change hit – for example in Australia fifty thousand years ago – they caused more extinctions than happened with climate change alone, but those extinctions were spread out over several thousand years. But where human arrival and climate change hit at the same time – as in the Americas – the number of extinctions was multiplied many times over what you’d expect by simply adding up the anticipated effects of a few extinctions by climate change, plus a few more by human impacts. It is this multiplying effect that may be the big issue if we exceed several thresholds simultaneously, or if exceeding a threshold in one part of the global ecosystem causes a domino effect of exceeding thresholds in other interacting parts of the system. Unfortunately, those simultaneous threshold crossings are all too plausible from a complex systems point of view, because the individual systems of our world – human population growth and consumption, climate change, environmental contamination, and so on – are so interconnected.

Just how close are we to hitting those thresholds on the various fronts? Very close indeed. It’s already happening in certain regions of the world – that machete fight in Nepal, and the lack of basic natural resources that caused it, is just one tiny indication. Substitute guns for machetes, and all of a sudden you have a world that is not too different from that portrayed in 1981’s The Road Warrior, the second of the Mad Max movies, in which a leather-clad Mel Gibson defends one of the last remaining supplies of oil in the outback of Australia with his mute sidekick, the perpetually dirt-smudged ‘Feral Kid’. In March 2013 in Egypt, at least briefly, that became reality, as reported by David Kirkpatrick in the New York Times: ‘Qalyubeya, Egypt – A fuel shortage has helped send food prices soaring. Electricity is blacking out even before the summer. And gas-line gunfights have killed at least five people and wounded dozens over the past two weeks’ (30 March 2013). And in developed nations like the United States and the United Kingdom, there are people who are so worried about something similar happening that they have been laying in stockpiles of guns, ammunition, food, and whatever else they think it will take to ensure the survival of themselves and their families if the worst should come to pass. A perusing of survivalist (or ‘prepper’) websites shows just how seriously these people take the threat of disaster, spending millions of dollars on be-prepared merchandise, setting up specialist dating websites and developing products like filters that can make urine taste like bottled water and the $449 ‘Centurian children’s tactical vest’.

What the preppers are worried about are the things we are all reading in the news, realities that are pointing in the direction of crossing dangerous environmental thresholds, which would lead to huge societal problems, if not outright collapse. Climate change has already begun to ramp up storms so much that in 2005 the sea swallowed New Orleans. Waterfalls poured into the tunnels of New York City’s subway system in 2012. Massive droughts sparked crop losses and wildfires over huge areas of the United States and Australia in 2012 and 2013. Shortages of things we once took for granted are now becoming commonplace, to the extent that even big business is getting worried. Coca-Cola, for example, cited water availability as one of the key challenges to its continued success in its 2010 report to the Securities and Exchange Commission. Environmental contaminants are so rampant that fish are growing two heads in some places, and that’s just from the obvious pollutants. Sneaking in under the radar are things like hormones (such as endocrine disruptors), which we have unwittingly been spreading everywhere, recently implicated in causing such things as children hitting puberty earlier, increased heart disease, obesity and type II diabetes. Even small-scale oil and chemical spills, such as those occurring regularly in the North Sea, can dramatically impact local marine diversity. And global mercury levels in the ocean surface have tripled since Industrial Revolution levels, trickling into our seafood, which when eaten can result in developmental disorders in children.

Just how close we may be to a global tipping point becomes apparent when you take a helicopter view and see what is happening at the scale of the entire planet. The statistics look pretty stark. The deforestation that caused that machete fight in Nepal is all too common worldwide – as has already been noted, more than 40 per cent of the world’s forests have been cut down, and we’re continuing to clear-cut an area about the size of Greece every year. Nearly 50 per cent of all of Earth’s land has been paved, bulldozed, dammed or turned into agricultural fields and pasturelands. That means we humans have caused more sledgehammer, chainsaw-style change on Earth than took place at the last global tipping point, when only about 30 per cent of the planet’s surface was totally transformed, back then by retreating glaciers. We’ve used almost all the arable land that exists for agriculture, and we’ve fished 90 per cent of the big fish out of the sea.

If those obvious transformations aren’t enough, we also have to add tremendous amounts of energy into the global ecosystem to keep society operating at its present level, and the way we have traditionally done that, by burning fossil fuels (the stored remnants of previous life on the planet), is beginning to bite us from behind, by raising Earth’s temperature abnormally. If we keep going at the rate we have been, it will become hotter in the next six decades than it has been for some fifteen million years. The increase in temperature will be so fast that many of Earth’s species won’t be able to keep up, and in some places where lots of people currently live it will be too hot for any mammal – including us – to survive outside. That, of course, presumes that we don’t run out of the easily obtainable oil first, which would escalate what happened in Egypt in 2013 by increasing energy prices across the world. Of course there are alternative sources of energy, but the world hasn’t been pursuing them too actively.

You get the message – there’s lots of global change under way. The underlying driver of it all is that there are just so many people now, all needing their slice of the pie. And we keep on coming. As of 2014 we were adding eighty-two million people per year. That is three orders of magnitude higher than the average yearly growth from ten thousand years to four hundred years ago (which averaged sixty-seven thousand people per year). Most of the population growth has been in the last century, over which time the number of humans has nearly quadrupled. Just since 1950, we’ve increased our numbers almost threefold, and since 1969, we’ve doubled ourselves. The problem is that each of us requires our own portion of air to breathe, a place to live that is comfortable and dry, enough water to drink and food to eat, and myriad ways to amuse ourselves. And we produce a lot of waste – waste from our bodies, waste from our structures and vehicles, waste from our fun.

As a result, each of us ends up requiring a lot of ‘stuff’ – the average American, for example, uses up about ninety kilograms of things each day. Some people, particularly those in developed countries, use more stuff than others, to be sure, but nevertheless, every one of us has needs and wants that we attempt to meet by tapping into the global ecosystem, which means that each of us leaves a usage footprint – in truth, an environmental footprint – that is much bigger than the actual footprint we leave in the sand. The average size of each individual’s environmental footprint is truly staggering. For instance, it takes (on average) about 1.7 acres of land per person per year to sustain us in the manner to which we’ve become accustomed. The ‘average’ person uses about 4.6 barrels of oil per year (although the figure varies enormously: if you live in Singapore, you use eighty-one barrels; in the US or the Netherlands, twenty-two barrels; in China, three barrels; in Nepal or Bangladesh, about a fifth of a barrel). The average American’s water footprint is about 665,000 gallons per year – enough to fill an Olympic-size swimming pool. Multiply such numbers by the over seven billion people now in the world, and you begin to see the magnitude of the problems.

Then take into account that the population is continuing to grow, albeit at slower rates than in the last fifty years. Even conservative demographic projections indicate that we’ll add two to three billion people to the world in just the next thirty-five years, each one of whom will require their own quota of ‘stuff’. The multiplying factor is that if economic conditions continue to improve in developing and populous areas like China, India and Africa, the average environmental footprint per person is likely to grow even larger. That will accelerate us even faster towards those dangerous thresholds of global-scale impacts like climate change, environmental contamination and ecological losses that eventually manifest as societal problems, even if we are able to stall population growth. Not to mention that in the demographic revolution under way, the population is ageing. All of us collectively are living longer, hanging around on Earth, consuming more food and energy and stuff as we age. The twenty-first century will belong to the old. Currently, less than 10 per cent of the world’s population are under four years old, while about 13 per cent are over sixty. The over-sixty crowd is going to almost double by 2050. In developed countries like those in western Europe, the age imbalance is even worse: by 2050, more than 30 per cent of the population will be over sixty. Who is going to produce all the stuff those old people need, and how will they be taken care of? This is in contrast to the developing world, particularly Africa, where the majority of the population is under the age of fifteen, and only 3 per cent are over sixty-five. What jobs will those young people have, and how will they spend their time?

Given the upward population trends and the corresponding downward trends in the health of the global ecosystem, it is not hard to see that if we simply continue doing business as usual, some very serious problems we already have will only get worse. Even now, about 80 per cent of the world’s population (5.6 billion people) live below poverty level. A third (2.6 billion people) of us lack basic sanitation services. Over a billion have inadequate access to water. One out of every eight (870 million people) lack enough food. A billion have no access to even basic health care, at the same time that increased global travel and commerce are fostering and spreading new diseases that affect us and the plants and animals on which we depend.

That’s where we are today. What happens if population pressures finally hit a threshold that tumbles the dominoes of food, water, energy, climate, pollution and biodiversity, which in turn break up the intricate workings of the global society? That would be a global tipping point, which would change the world from what is now one of relative comfort, to one where those machete fights in the Himalayas, or the Road Warrior-style gun battles at Egyptian petrol queues, rapidly spread throughout the planet. Lack of access to resources creates instability.

Those scenarios aren’t way off in the future. They’re already here, in many communities, in both developed and developing nations. Conflicts over water, for example, are already brewing all over the world, both within and across national boundaries, including in the western United States; between the United States and Mexico; between Mali, Niger, Nigeria and Guinea; within China; between Syria and Israel; and between Iraq, Syria and Turkey. The terrorist group Islamic State has captured dams and other infrastructure in Iraq in order to control access to water and electricity and to use catastrophic dam failure by bombing as a weapon of coercion over those downriver. In modernised Bangalore – known as the Silicon Valley of India – people have to lock up their water-storage tanks to guard against theft, and water is delivered to the taps so infrequently and irregularly that entrepreneurs are developing mobile phone apps to alert people when it is on the way, so they can rush home in time to fill their containers. Power there fails frequently, especially when the reservoirs that generate electricity run dry. Pakistan has long walked a tightrope of delivering enough water to its farms and people while still holding enough in reservoirs to provide the hydroelectric power it largely relies on to generate electricity. The situation often comes down to choosing between a drink of water and turning on the lights. In 2012 the sweltering summer – unusually hot and dry even by Pakistan desert standards – brought the situation to a head. Water had to be diverted from power generation to keep people alive, leading to a shortfall of nearly 45 per cent of the national demand for electricity, and eighteen to twenty hours per day of power outages.

The results were massive violent demonstrations and riots, and as a US National Research Council report on the social stresses of climate change put it, ‘burned trains, damaged banks and gas stations, looted shops, blocked roads, and, in some instances, targeted [attacks] on homes of members of the National Assembly and provincial assemblies’ (John D. Steinbruner et al., Climate and Social Stress: Implications for Security Analysis, National Academies Press, Washington DC, 2012). The drought and hot weather had been going on since 2010, and caused international tensions as well as unrest within Pakistan’s borders. The Pakistani Foreign Minister blamed India for illegally diverting water from the Indus River system before it could reach Pakistan, while the Pakistan Commissioner of the Indus River System Authority put the blame on climate change, primarily caused by the developed countries of the West.

The same US National Research Council report pointed out that Egypt could easily erupt into violence and social unrest within a decade, posing a huge security concern for the rest of the world, as increasing drought from climate change begins to dry up the Nile. Water from the Nile is now required to irrigate fields that provide half of the wheat that is essential to feeding eighty million Egyptians (the other half is imported). The problem is that the river flows through Sudan and Ethiopia before it gets to Egypt, accumulating nearly half of its volume upstream of Egypt’s borders, and there are no international agreements about apportioning water between the three countries.

What happens if Egypt’s wheat fields turn into parched ground? Millions of people, already living on the edge and ready to erupt into violence – as the Arab Spring and the 2013 petrol-station gunfights in Egypt showed – get hungry and mad. Food prices rise and the economy goes downhill as more Egyptian pounds are diverted towards importing food. Unemployed, hungry people take to the streets, and leaders become powerless in the face of angry mobs. Meanwhile, border tensions with Sudan escalate, and the terrorist groups that have long called Sudan home take advantage of the social unrest to expand their influence. Egypt, desperate for water to irrigate its fields, attacks Sudan. In response, terrorists get their hands on a nuclear device. Suddenly the Middle East is at war, and the flow of oil from Saudi Arabia – the biggest oil producer in the world – is disrupted. The United States, still reliant on the Middle East for about 13 per cent of its oil, jumps into the fray to protect its national interests. And so it escalates further. The world is plunged into a crisis so all-consuming that any efforts to mitigate the longer-term global pressures – climate change, pollution, environmental contamination – go out the window, and our global die is cast for the future. The world becomes no longer as good as it is now. Instead, it becomes a world where the survivalists would rightly say, ‘I told you so.’

Similar scenarios could play out in many parts of the world. The specific triggers differ from place to place – in New York, for instance, the straw that breaks the camel’s back could be another inch of sea-level rise due to melting glaciers combined with more frequent superstorm Sandy-type deluges, whereas in Paris or Rome it could be environmental refugees who further strain already over-stressed societal support systems. But the common thread everywhere is basic human needs meeting diminishing resources. That’s when a final push – which in times of plenty might have little impact – can cascade into crisis that sends the world over the edge, and that’s where fear for the future can begin to look very genuine. How palpable that fear should really be is what the rest of this book is about. And since the chief driver is how many of us there are on the planet, let’s start with that.
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PEOPLE

Liz, Tony, Emma and Clara, on the road to Kurnool, India, February 2007

It was late afternoon, the sun getting low in a hazy sky, and our car was the only one on a narrow ribbon of asphalt stretching off into the distance, dusty brown fields on either side. Our Indian driver’s response to seeing the line of bandits blocking the road – stringy-muscled, sun-browned men in all manner of well-worn baggy pants and ill-fitting, mismatched shirts, kids in raggedy shorts and T-shirts, even a few women in their saris – was born more out of the last couple of days’ frustrations than out of any ill will. His eyes darkened and narrowed a little, he muttered what may have been the Telugu equivalent of ‘Dammit, not again!’ and then he jammed the accelerator to the floor. Our Indian colleague Uma yelled, ‘Lock your doors!’ Just as we braced for impact, imagining who knows what carnage, the bandits dropped the rope they were stretching across the road, dived every which way to avoid being run over, and with a couple of big bounces we were over the line of rocks they’d placed in our path. One second, we were worried about being robbed; the next, we were feeling a little as if we were the bad guys, with angry, scared faces flying past the car windows, baskets rolling towards the barrow pit, and us leaving it all behind as we sped down the road.

That was the third time we had had a run-in with bandits in two days, which is why our driver was getting fed up with it. The first time he was downright scared, like the rest of us. Travelling with two daughters you’re supposed to be watching out for – Emma was fourteen at the time, and Clara was ten – adds to the anxiety in those kinds of situations, but as a two-career couple, both needing to do the fieldwork our jobs demanded, we had only two basic parental options. One of them, leaving the girls back in California while we were off gallivanting in India for a month, wasn’t something we were prepared to do. So there they were, with us, our Indian host Uma (the same Uma who was trekking up the Himalayas with Liz in the previous chapter) and our driver, the girls watching the adults to figure out the protocol in this foreign land, as the car was brought to a stop by people banging on the windows and shouting something or other in threatening voices. The odds were decidedly unbalanced from our perspective: a bunch of stern-looking fellows demanding money versus our group of two men, two women and two girls; them on their home turf, us strangers in a strange land; and none of us but our driver able to speak the language (even Uma did not speak this region’s language – there are over a hundred languages in India, after all). As this was the first attempt at highway robbery since we had set out from Bangalore, our driver took the negotiation tack, something along the lines of (as was later loosely translated for us) ‘You really don’t want to mess with these foreigners, the cops would be all over you.’ Whatever he said, it seemed to work, a small donation ensued, the brigands backed off, and we continued down the road.

We hadn’t travelled much further, maybe a couple of hours, when once again we saw congestion up ahead, this time caused by a throng of women moving from car to car. Dressed in spotlessly clean saris of dazzling colours – the pinks, yellows and blues a startling contrast to the stark countryside – they were laughing, singing and playing tambourines, the bangles on their arms sparkling in the sun and adding their own chime to the rhythm. As we got closer, though, we sensed that something was a little off. The tambourine players seemed to be intentionally creating a distraction; then a different group of saris would swoop around the car that had been brought to a halt. And all of the sari-wearers’ shoulders seemed a little broader, and their hips a bit narrower, than they ought to be. When we got closer still, we saw that the elegantly made-up faces and sari-clad bodies were in fact those of men. One more thing to explain to our daughters: it was a gang of transgenders (known as ‘hijras’ in India) who were holding us up. Honestly, there’s not much to do in that situation but laugh, part with some money, and go on your way. Even Uma was surprised.

We had landed in Bangalore a few days before, and were journeying from there to some caves we needed to explore in the off-the-beaten-path Kurnool district, about a hundred miles south of Hyderabad. As we set out, our heads were still reeling a little from jet lag and the culture shock that inevitably hits a Westerner on their first trip to India. In Bangalore the sensory chaos was awe-inspiring, at times overpowering: what seemed like infinite numbers of sputtering, belching and roaring motorcycles, yellow tricycle taxis, cars, buses, trucks, bikes and pedestrians, with a few cows thrown in for good measure, jockeying for a space on the road or on the vehicles, no apparent rules, apparently every man and woman for themselves. The tempting fragrances of baking naan and exotic spices somehow found their way through the wood-, coal- and petrol-fumed air. Women completely shrouded in black burqas clustered in front of a shop window displaying sexy red underwear on otherwise naked mannequins. Well-dressed businessmen and fashionable ladies in all sorts of colourful attire milled through elegant shops and high-end restaurants, while beggars conducted their forlorn business right outside. Feral dogs roamed the alleys even in the centre of town. And as we walked down the streets – a mishmash of pavement and dirt – there was ubiquitous chatter, none of it understandable to us, coming from faces that radiated every expression from bright smiles, to curiosity, to in a few cases a touch of hostility.

After that full-on immersion in the human condition, the road trip – highway robbers and all – felt downright relaxing, except for what seemed to us several near misses of head-on collisions, but which our driver assured us were all in a day’s work for him. Even the best roads have few signs, and many are barely wide enough for one vehicle. Passing means finding any wiggle room you can, sometimes pulling in your wing mirrors. As we drove we were barraged by pedestrians, oxen carrying their loads, crammed buses with people hanging out of the windows, sitting on the roofs or holding on to the rear bumpers, and the extraordinary Indian trucks, which are lovingly and beautifully decorated, often with little blinking Christmas-tree lights, tasselled front-window curtains, or hand-painted slogans like ‘India is Great’ in bold blue letters on a bright orange and yellow background.

We finally navigated to the caves, after driving through a village street so narrow that we could touch the walls of the houses on either side if we stuck our hands out of the window – and where surprised faces looked up from washing, cooking, napping and all manner of everyday activities to see the rare sight of a nice car with a family of foreigners basically driving through their living quarters. We were in a little-populated area by Indian standards, but still, there wasn’t a square inch of land that did not have a heavy human footprint. And we had long ago left power and running water behind.

The purpose of our journey was to find some rich fossil deposits in those caves that would tell us something about what India’s wildlife and the rest of the ecosystem were like before the country’s human population grew to its present density – among the highest in the world, with close to 1.3 billion people packed into an area about a third the size of the United States, where only 316 million people live. The part of India we were in was particularly interesting to us in that regard, because humans (or our closely related progenitors) had occupied that landscape for more than a hundred thousand years.

The fossils were there, as was an enormous python Emma revealed in the beam of her flashlight – it probably fed on some of the millions of bats whose eyes shone down from the roof of the cave. But truth be told, we were a lot more concerned with the tens of millions of people we had been seeing all around us. Because we knew that by the time Emma and Clara were our age, the average population density of the whole world’s habitable land will be about equal to India’s now. We wondered, what might we expect to see in a world like that?

*   *   *

Paul Ehrlich presented one vision in his classic book The Population Bomb, published in 1968. Perhaps more than any other single effort, that book brought human population growth into the public consciousness, in no small part because it painted a near-future world that looked like a slum in one of India’s most densely populated cities:

I have understood the population explosion intellectually for a long time. I came to understand it emotionally one stinking hot night in Delhi a few years ago. My wife and daughter and I were returning to our hotel in an ancient taxi. The seats were hopping with fleas. The only functional gear was third. As we crawled through the city, we entered a crowded slum area. The temperature was well over 100, and the air was a haze of dust and smoke. The streets seemed alive with people. People eating, people washing, people sleeping. People visiting, arguing, and screaming. People thrusting their hands through the taxi window, begging. People defecating and urinating. People clinging to buses. People herding animals. People, people, people, people. As we moved slowly through the mob, hand horn squawking, the dust, noise, heat, and cooking fires gave the scene a hellish aspect.

Although Paul (and his wife Anne, a powerhouse of facts, figures and logic also known for her own work on population growth) fully recognised that there is much more to India than that first impression, his point was a simple one: that night in Delhi was what he thought the world could look like if its population continued to grow as it had been doing in the years leading up to 1968. In fact, he thought there was a very real possibility that population growth would drive the world into despair before the year 2000 – let’s call that Ehrlich’s Hell – in large part because of the difficulties in producing adequate food and other resources.

To everyone’s great relief (Paul’s and Anne’s included), Ehrlich’s Hell didn’t happen, at least not globally, and at least not yet, for reasons we’ll talk about towards the end of this chapter. It hasn’t even happened in India – cities like Bangalore are vibrant, thriving places; crowded yes, but exciting and full of opportunity too. The basic point made in The Population Bomb, though, and which Paul and Anne continue to make, remains a fact. There are biological limits for the human species, just as there are for every other species, our incredible technological achievements notwithstanding. And the world is moving towards those limits all too fast.

Here are the sobering realities. After we had colonised all the continents except Antarctica, the prehistoric human population averaged somewhere around ten million. It took thousands of years, until the early twentieth century, to grow to two billion, which is the number of people the Earth is thought capable of supporting without further major technological interventions. With those interventions, our population has almost quadrupled just since our great-grandparents’ time, to more than seven billion of us today. If we humans, averaged worldwide, continue to grow our population at the rate we’ve done over the last decade, our numbers will rise to over twenty-seven billion by the year 2100.

Few, if any, people who make their living studying biology think that can actually happen, as we’ll elaborate upon in later chapters. For one thing, there is not enough land to grow food, or enough fish in the sea, to feed that many people. For another, wars, disease and other catastrophes would almost certainly knock the human population back to significantly smaller numbers long before we hit twenty-seven billion – that is, sometime in the next few decades – as past history is all too clear in showing us. The infamous Black Death of the fourteenth century killed an estimated 30 to 60 per cent of Europe’s population; the one–two punch of the First World War and the 1918 flu pandemic may have wiped out as much as 9 per cent of all the people in the world; and the Second World War felled as much as 4 per cent. Basically, as we tried to keep growing to twenty-seven billion, we’d be packed so tight that we would be like too many rats in too small a cage, and nature’s version of population control would kick in. Ehrlich’s Hell would almost certainly spread far and wide.

What does look inevitable, though, based on just about any reasonable population-growth model out there, is that we’re destined to see a world with somewhere between nine and ten billion people by the year 2050, as we’ll explain in a little more detail below. That virtual certainty means the world you’ll be living in by mid-century is going to be very different from the one you are used to now. The big picture is that we have to pack a couple of billion more people into the relatively small proportion of Earth’s land that is available for occupation. That’s actually only about 20 per cent of the planet’s land surface, which is what’s left over after you subtract the 40 per cent we need to grow food and the 40 per cent that is such inhospitable terrain – rugged mountains, barren deserts, glaciers – that it can’t be heavily populated. The upshot is that if you like rural living, kiss it goodbye; those wide-open spaces peppered by just a few houses will be no more. City life will even more resemble living in a sardine can. As Paul Ehrlich put it: ‘People, people, people, people’.

To set what is going to happen in perspective, just think about current population densities. In 2013 India packed in (on average) about four hundred people per square kilometre, compared to the United Kingdom’s 260, and the United States’s thirty-two. By 2050, on average we’ll see India’s population density everywhere we can easily live. Of course, most people are crammed into cities, where population densities are off the charts compared to averages for a whole country. Greater Los Angeles has 1,400 people per square kilometre, greater Beijing 3,200, greater London 5,600, the New York metropolitan area 10,600, and Delhi twelve thousand. All you have to do is walk down a main street in any one of those cities – or worse yet, try to drive down one of them – to get a sense of what such population densities really mean for a way of life. Yet children growing up now are likely to look back when they are adults, and remember the cities of today as being sparsely populated. The United Nations estimates that by the year 2050, 70 per cent of humans, up from today’s 50 per cent, will be urban dwellers – that is, 6.4 billion city folk versus the present 3.3 billion. Almost double the number of shoulders to jostle you as you try to walk down the pavement.

If you’re from a developed country, as most of you reading this book probably are, and especially if you already live in a city and are pretty happy there, most things you’ve heard about population growth may well make it sound like somebody else’s problem. After all, in developed countries, we like to think we’ve got fertility rates pretty much under control (although that’s actually not the case in the United States, as we’ll see). You probably already know that it’s in poor countries that the population is growing fastest, and sad as it is to hear about deteriorating conditions on the other side of the world, you may think that things aren’t apt to change all that much where you live. But if you reflect a little more deeply on that assumption, you’ll realise you are already experiencing the impacts of population growth.

Here is one example from our own lives. It is a first-world problem, for sure, but it is illustrative in showing how growing numbers of people influence nearly everything. Emma and Clara have grown up a lot since they travelled to India with us. They’ve both finished high school and have gone off to college, but the angst of their college application process is recent enough that it still lingers in our minds. We are not alone there: college application angst infects millions of American households each year. But the elevated stress of that whole process is a new thing, because competition for college slots is just so fierce these days. Back when we were of high-school age, you threw in one or two applications, maybe three if you were really motivated, and you didn’t worry too much, because, assuming you had decent grades and hadn’t done anything too egregious, your chances of getting into where you applied were pretty good, even in top-tier universities. We’ll use Stanford University as an example, simply because we live next door to it and Liz works there. About 22 per cent of 9,800 applicants were admitted in 1970.

Back then, we (and certainly not our parents) never thought to track those percentages (or of applying to Stanford, for that matter). But today, things have changed. High-school students and their parents are well aware that in 2013, only 5.7 per cent of nearly thirty-nine thousand applicants were admitted to Stanford, and in 2014 it was even worse: 5.1 per cent of 42,167 applicants. That’s not confined to top-tier universities; it’s a global trend. In fact, what’s going on with Stanford applications is mild compared to what’s happening at top-level universities in highly populous places like India, which are routinely turning away 98 per cent of their applicants. The Indian Institute of Technology usually receives up to five hundred thousand applications, and accepts only 2 per cent of them; Shri Ram College of Commerce, part of the University of Delhi, has just four hundred slots for twenty-eight thousand applicants – only 1.4 per cent.

Those kinds of numbers are what cause stress levels in American households with high-school-age children to go through the roof each college-application season. Families (at least, the relatively few who can afford it) spend thousands of dollars to increase their children’s SAT and ACT scores by a few points, and then hundreds more dollars for them to apply to a dozen or more colleges, all carefully vetted and sorted into the categories of ‘reach’, ‘target’ and ‘safety’ schools. The reality is that the chances of getting into your top choice are slim at best, and random chance often dictates acceptance even into the safety schools. The net effect is that among high-school students (and their parents not infrequently get in on the act as well), competition can be fierce for grades, recommendations, internships, sporting teams and those other coveted achievements that make a college application stand out.

All this stress goes right back to the fact that there are so many more people in the world nowadays. Despite universities increasing their class sizes to provide places for more students, there just isn’t enough money, available classroom and lab space or land to make it possible for universities to accept much higher percentages of the applicant pool. More people apply each year in part because there are simply more students of college age each year. Over the same time that applications to places like Stanford quadrupled, global population doubled (3.7 billion in 1970, compared to 7.1 billion in 2013). On top of that, proportionately higher numbers of all those new families worldwide moved into socioeconomic categories where a shot at a university education seemed worth taking – that’s a good thing, but it still brings the overall chances of acceptance down. And, in the face of higher odds, more American students apply to multiple colleges to hedge their bets, further increasing the applicant pool for many colleges simultaneously.

Our point: intense competition for limited resources is the ubiquitous effect of population growth. Of course, supply-and-demand problems are not confined to higher education – we used that example to illustrate that even in areas where you don’t normally think about the problems of population growth, it looms large. There are plenty of other examples of how increasing demand for limited space or goods has begun to change things in your own lifetime, especially if you have lived for a few decades. The traffic is worse. Housing prices have gone up. It is harder to find a job. The list goes on and on.

*   *   *

All of these things you may view as pretty subtle impacts of population growth, but one impact that is not subtle at all is immigration. It’s in the news all the time these days, in country after country. Worldwide, every forty seconds an international migrant crosses some border between nations, and that’s only the ones we know about. Immigration is where population growth in those poor places that you may regard as someone else’s problem really hits home. More migrant workers are coming in, taking jobs and requiring basic social services that somebody has to pay for. Throngs of people are bowing to Mecca each evening outside Catholic churches in Italy and France. Children are streaming across the Mexican–American border each night, despite expensive fences and patrols attempting to keep them out. Those things are happening because in poor parts of the world, where population is growing fastest, the growth outstrips local resources, and little vignettes of Ehrlich’s Hell emerge. Poverty, disease and death become the definition of normal in those places, and not surprisingly, the people suffering living there want to escape to new territory that offers a better way of life. So they come to your town.

The population is growing so fast in poor countries for what is actually a positive reason – death rates have been coming down. Population growth is a function of both the number of births and the number of deaths. If the numbers balance, the population remains constant; if there are more births than deaths, the population grows; and with more deaths than births, it declines. From the purely biological perspective, in order to keep your species going, you need to have at least two children per family to replace the parents when they die; most species hedge their bets by having a few more than two offspring per set of parents, and humans up to now have been no different. In historically poor places like India, Nigeria and Pakistan, to name just a few, until very recently living conditions were so bad that the only way for a family to be sure to have at least a few children reach adulthood was to have a lot of them. The very good news for many of those places is that they are now gaining access to basic levels of health care and more reliable food supplies, with the wonderful result of reduced childhood mortality; more children have been growing up to have families of their own. For instance, in India, mortality of children under five years old has fallen from about 120 deaths per thousand births in 1990, to about seventy deaths per thousand births in 2010.

But old lessons die hard. Even though survival rates in such places are now higher than they used to be, the ingrained cultural tradition is still to have lots of kids, because people still expect to lose many. Since more children are surviving to have their own babies, population growth rates skyrocket. This lag-time effect means that half of all the population growth between now and 2100 is expected to take place in only eight countries, seven of which are regarded as poor by developed-nation standards: Nigeria, India, the United Republic of Tanzania, the Democratic Republic of the Congo, Niger, Uganda and Ethiopia (listed in order of their contribution to world population growth). In the number-eight spot for countries contributing most to population growth is one that is not poor by any stretch of the imagination: the United States.

These, and other countries like them, now have fertility rates that are too high, that is above two. The ‘fertility rate’ is basically the average number of children born per woman; two is the magic number if you want the population to level off rather than continue to grow indefinitely, because at that number each set of two parents on average replace themselves with two kids; hence a fertility rate of near two is called the ‘replacement value’. To be precise, the actual replacement rate is a little higher than two, presently 2.1 in industrialised countries and 2.3 on a worldwide average, because not all children survive to reproduce, but we round it to two for ease of discussion.

Given current demographics, if all of the countries that now have fertility rates above replacement (like those eight listed above) see a decrease that quickly brings them down to replacement, by 2050 we’d end up with a global population that stabilised at a little over ten billion people, and then remained constant after that. Just half a child over replacement rate, and we’re at more than sixteen billion by 2100. Half a child under replacement rate would allow us to stabilise at around our present seven billion by 2100 – but even in that optimistic scenario we still hit nearly ten billion around the year 2050, before population finally begins to fall. So any way you cut it, we’re adding close to three billion people to the planet over the next three decades. If you are interested in what goes into these models, and country-by-country data, the information is readily available from the 2013 United Nations Department of Economic and Social Affairs Population Division publication World Population Prospects: The 2012 Revision, Highlights and Advance Tables, and Volume II, Demographic Profiles, which provide most of the population numbers we use in this book.

Obviously, the population-growth impacts in poor countries, where the numbers of people are increasing very, very fast, are going to be different from the first-world impacts we’ve been talking about for developed countries. Today poor places – like India, Pakistan and especially many African countries – already find it hard to provide adequate food, water and health care, and basic services like electricity, toilets and sewage-treatment plants, and these problems will only get worse.

Take the best-case scenario of one of these growing-population countries, India. India is on track to decrease its birth rate to the replacement level of around two children per couple by 2050. Even so, between now and then births will add four hundred million people to the country, increasing its native-born population from the present 1.2 billion to about 1.7 billion. This is roughly double the number of people India added from 2000 to 2010, which contributed to dramatic changes in the country. Those changes are hard to miss. In 2012, on a return trip to Bangalore, it was obvious that the city had extended its urban sprawl radically compared to how it was when we visited in 2007. Where there had been open ground, new neighbourhoods, businesses and highways had sprouted. So had the number of shanty towns. Vehicles of every kind filled the streets, and people were ubiquitous, day and night. Seemingly everywhere you looked there was scaffolding made from bamboo-like tree branches, with barefoot workers hoisting buckets by rope, building supersized components of new concrete structures that were transforming the skyline. This, remember, in what is already the most densely populated large country in the world.

That was the on-the-ground expression of some rather startling statistics – while overall India’s population increased by about 17 per cent from 2001 to 2011, Bangalore’s population grew by a whopping 47 per cent. Even its urban sprawl, which tripled the area covered by the city (from 226 square kilometres in 1991 to 716 square kilometres in 2010), has not been enough to prevent a huge increase in population density in the last decade (from 2,985 people per square kilometre to 4,378 in 2010).

This trend to urbanisation as population grows is because people born into poor rural areas tend to move to the city in search of a better life, a pattern that repeats over and over in history, and which, as we noted above, the United Nations predicts increasingly for the future. In India, Bangalore is a particularly good city to come to if you’re looking for work: it is one of the country’s intellectual, economic and entrepreneurial engines. But not all cities experience equal immigration and growth as population increases. Delhi’s growth (21 per cent) was just a little over India’s as a whole (17 per cent) for the period 2001–2011. At the same time the area around Mumbai saw its population increase by only 4 per cent; however, all of that increase was in its suburbs, which grew by 8 per cent, whereas the city centre actually lost about 5.8 per cent of its population. This illustrates another point: when cities get too crowded, the only way they can grow is out. Mumbai now packs in more than twenty thousand people per square kilometre over an area of about five thousand square kilometres – equivalent to a square of real estate that measures a little over seventy kilometres on each side. And of course, if they don’t have adequate infrastructure, as is the case with Mumbai and many other cities, living conditions are not very pleasant.

The lesson here is that as population grows, people flock disproportionately to the most desirable places, which, in the absence of equally fast growth of infrastructure, causes some major problems. In Bangalore, for example, the influx of people has outpaced both the infrastructure and the availability of natural resources, making it routine for electricity and water to be available for only parts of the day in those areas of the city that even have access at all. Yet that lack of supply leads to higher prices, so even as the quality of life goes down, the cost of living goes up. In the state in which Bangalore is located, Karnataka, the cost of keeping the lights on, and supplying the population with fuel and food, has more than doubled since 2005. This reflects a general trend in the ten most populous states in India.

The flip side is that if cities do develop adequate infrastructure to handle high population densities, the cost of living goes sky high because of limited supply of homes and office space in the face of high demand, and the costs of maintaining all that infrastructure. Manhattan, for instance, has a population density of 18,500 people per square kilometre, not too far below that of Mumbai. A nice place to live, for sure, if you like city living, but at $3,973 per month, the average apartment there will cost you about $2,800 more per month than the nationwide average for the United States. New York City as a whole, with 10,600 people per square kilometre, is the fifteenth most expensive city in the world. Greater London is even more pricey: with 5,600 people per square kilometre, it was the most expensive city in the world in 2014. Such figures drive home the point that it costs a lot – and to many people, is prohibitively expensive – to live in a city that is both densely populated and has a well-functioning infrastructure, although of course the correlation between population density and cost of living is modified by a host of other factors, such as governmental system, proximity and access to natural resources, town planning, and so on.

The general lesson of rapid growth of a city’s population outstripping its capabilities to provide adequate infrastructure applies worldwide. In China, Beijing provides another cogent example. In the decade 2000–2010, China’s population grew about 6 per cent, reaching a little over 1.3 billion people. In the same decade, Beijing’s population increased 30 per cent, from about fourteen million to twenty million. The difference in percentage-growth is because, just as happened in Bangalore, many, many people migrated from the countryside to the city. As a result, Beijing too is experiencing problems: a water supply that can only support 60 per cent of the city’s residents, inadequate housing and public transportation, lack of access to medical care and education, and air pollution so bad that on many days the only way to see what the sunrise would look like is to look at a stock picture on a big video screen in Tiananmen Square.

As far as nations with growing populations go, India and China are probably the lucky ones, because the end of their population growth is in sight. Given the pace at which birth rates have been decreasing in those countries, both are on track to see growth of their populations stop by mid-century, and then at least remain stable and possibly even decline. And both are large nations that are rapidly advancing their economies, technology and social systems with at least some foresight of population-growth impacts, and with the full awareness of their governments that slowing population growth is a priority.

Not so with many countries that are in much worse shape economically, and with even less adequate natural resources. According to the most recent demographic projections, it seems a fait accompli that by 2050, ‘Five least developed countries – Bangladesh, Ethiopia, the Democratic Republic of the Congo, the United Republic of Tanzania and Uganda – will be among the twenty most populous countries in the world.’ By 2100, three more least developed countries will climb into the top twenty list for most populous – Niger, Sudan and Mozambique.

In fact, it seems to be a general rule that the poorer the people, the faster their population grows. This correlation holds both within countries, and from nation to nation. In India, for instance, birth rates among higher economic classes are pretty much at replacement value; the growth that is still occurring is in the poor rural population. And at the global scale, it is the poorest countries that are the population-growth hotspots. The UN Population Division projects that most of the forty-nine least developed countries are on track to see their populations triple or more between 2013 and 2100, and several are heading for a fivefold increase, including Burundi, Malawi, Mali, Niger, Nigeria, Somalia, Uganda, the United Republic of Tanzania and Zambia. You might have noticed that countries in Africa seem to be showing up with high frequency on these lists, and indeed Africa is the place that promises to launch a tidal wave of global change from its rapidly growing masses.

Which brings us back to the impacts on developed nations. Sudan and South Sudan are regions that provide a window into where the world would be headed if population growth in Africa plays out as predicted. The two countries’ combined populations grew from 8.3 million in 1950 (Sudan 5.7 million; South Sudan 2.6 million), to 45.5 million in 2010 (Sudan 35.6 million; South Sudan 9.9 million), to 58.5 million in early 2014 (Sudan 47.5 million; South Sudan eleven million). That sevenfold increase of numbers of people in the region has been accompanied by a twenty-two-year-long civil war that in 2011 finally split what used to be one country into two; genocide in Darfur that has gone on since 2005 as Janjaweed (the ‘devils on horseback’) militia and Sudanese forces maraud through villages on ethnic-cleansing missions; and widespread hunger, disease and death. These are life-and-death problems for the countries’ inhabitants – in South Sudan alone, in February 2014 a third of the population, nearly four million people, were desperately hungry, nearly a million people had been displaced from their homes, many thousands had been killed, and government forces and rebels were razing towns for what seemed no good reason.

That translates to some very noticeable global impacts. The cost of humanitarian aid to South Sudan quickly rose to over £800 million, and the conflict drew in neighbouring countries, in this case army and rebel fighters from Uganda. At an even larger scale, war-torn, unstable countries become breeding grounds and safe havens for international terrorist groups, which is exactly what happened as far back as the 1990s in the Sudan region, and which continues to be a problem there today.

The link between rapid growth, local wars and escalating global conflict is one of the most important population-growth impacts. We devote Chapter 9 to that topic, but a pertinent issue to mention at this point is that with rapid population growth usually come important changes in the so-called population pyramid. The ‘population pyramid’ refers to the number of people in infant, child-age, teenage, young adult, older adult and geriatric age groups. Rapid population growth bulges the teenage and young adult categories, which means there just get to be too many curious, energetic young people with no productive way to channel their energy. You can see that bulge in recent trouble spots such as Sudan, South Sudan, Egypt, Somalia, Pakistan and Afghanistan, where about 20 per cent of the population is fifteen to twenty-four years of age. In much of Africa, about half the population is aged fifteen or below, and just 3 per cent are sixty-five or older. Contrast that with more stable countries, like the United States, the United Kingdom, France, Germany, Norway or Japan, which have only about 17 per cent of their populations under the age of fifteen, and 16 per cent aged sixty-five or older.

The problem with swelling the ranks of young people relative to the rest of the population, especially in poor countries, is that unemployment increases disproportionately among young people as well. Indeed, unemployment among young people was one of the key drivers that led to the Arab Spring uprising that toppled rulers throughout the Middle East, including Hosni Mubarak’s regime in Egypt in February 2011. The same problem was still causing huge protests that threatened Mubarak’s successor Mohamed Morsi in early 2014, when eight out of every ten jobless Egyptians were under the age of thirty. The projections of the population pyramids for these and other poor countries, even assuming they drop their current higher-than-replacement birth rates to replacement values, suggest that the fifteen-to-twenty-four age category will continue to remain at around 20 per cent of the population well into mid-century. Which means that millions more unemployed, high-energy and highly intelligent young people will be either expressing their dissatisfaction and destabilising society in their own countries, or looking for opportunities elsewhere. The resulting societal volatility in the poor countries with an over-supply of young people is further fuelled by the paucity of experienced, older and wiser leaders.

At the same time, the population pyramid of the richer countries will be turning itself upside down. An inevitable side-effect of slowing population growth rates is going through a period when old people outnumber the young. This is because during baby boom years, as happened in the United States right after World War II, lots of young people are added to the population. If they don’t have babies in equally copious numbers, the older people end up outnumbering the children coming up the ranks behind them, with obvious societal impacts, not least of which is that as the baby boomers grow older, there are fewer and fewer younger relatives to care for them in their old age. In addition, the workforce of people in the young to middle-age categories becomes comparatively small, hampering society’s ability to fund and staff programmes that give senior citizens the level of care and comfort they need. Such impacts can turn society upside down – for example, in Japan, more adult nappies are sold than baby nappies, a consequence of people in the fifteen-to-twenty-four age category making up only about 10 per cent of the demographic, compared to those over sixty-five, who comprise 23 per cent.

Remember, most of these population-growth impacts we’ve pointed out are a best-case scenario, which assumes that fertility rates will, within the next thirty years, fall to replacement value in all countries in which they are not already there. In this book, we’re not even going to try to imagine just how bad things will get if we don’t drop fertility rates to replacement level, fast – except to say, we suspect we’d really get to see what Ehrlich’s Hell looks like. A key point to remember, though, is that no matter which of the population trajectories we actually follow – getting to replacement rate fast, half a child below replacement rate, half a child above replacement rate, or business as usual – we’re still going to hit between nine and ten billion people by 2050. That’s the reality we’re stuck with in trying to make a viable future, and all the other issues we cover in this book are underpinned by it.

The trillion-dollar question, then, is whether it is actually possible for the human population to top out at no more than ten billion by 2050. The answer, fortunately, is a resounding yes. There are three ways to get there. One of them is a way nobody wants – some sort of global catastrophe that wipes out a large portion of the human population. We’ll elaborate on the possibility of this in later chapters – things like pandemics, or war. But the bottom line is that a global catastrophe would be the most tragic sort of population control, filled with pain and loss, dystopia for most of us. There are better ways.

China hit on one solution: the one-child policy, which was officially announced in September 1980 in response to population growth that had been encouraged after a famine cost at least thirty million Chinese lives a generation earlier. The law imposed severe penalties in the form of fines, taxes, or even property loss, for families that exceeded their allotted single child, and rewarded families that stayed below the limit. Two generations later, the success of this approach in terms of limiting population growth is undeniable – China’s population is poised to peak around 2030, after which demographic models indicate that it will fall quickly back at least to the level it was in the 1990s, about a 30 per cent decrease with respect to its peak population size. The social success is arguable. By the standards of most countries, injecting that amount of government control into the bedroom would at best be wildly unpopular, and would be viewed by many as downright draconian. It also introduced some real problems that have to be grappled with now and in the future, among them a disparity in the numbers of young men (too many) versus young women (too few), as a result of a cultural preference for boys which often led to infanticide for girl babies; the abandonment of unwanted children; and ‘Little Emperor Syndrome’, which refers to the fact that a generation of Chinese have grown up in the absence of siblings, with the result that many exhibit poor social skills, feel entitled, and are risk-averse. In addition, China is already experiencing the topsy-turvy population pyramid that other countries will soon be seeing, with simply too many old people to be cared for by the much fewer younger ones.

The third way to bring down birth rates rapidly is the one that has enjoyed the most widespread success, with the main social consequences being positive. It is, in fact, the one that has been employed in most places in the world that are now at or below replacement fertility rate. It’s deceptively simple: make sure girls have access to decent education and job opportunities, and that contraception is readily available to those who want it. Time after time, this approach has resulted not only in bringing fertility rates under control, but in raising the standards of living for families and communities. Education is particularly important: the good things that correlate with educating girls and women not only include many fewer births, but also healthier mothers, better survival of infants and children, decreased risk of sexually transmitted diseases like HIV/AIDS, and much better earning power. The economic rewards alone are big: just one year of primary school tends to add 10 to 20 per cent to a woman’s earning power later in life, and a secondary-school education gives her 15 to 25 per cent more. Which of course also means her family enjoys that much better quality of life. More than that, the country does too. Studies show that by empowering women through education, national economies benefit.

It was just such an approach that turned what is now one of the most densely populated countries in the world away from the brink of disaster. The tiny island nation of Mauritius, located about two thousand kilometres off the eastern coast of Africa, packs in more than six hundred people per square kilometre, a density one-third higher than India and four times higher than China. At about the same time that China was recognising its population-growth problem and instituting its one-child policy, Mauritius was recognising that its ballooning population was straining resources too. The local elimination of malaria, higher living standards and improved health care had brought down death rates, while birth rates continued to increase at a fast pace. Both countries integrated access to contraceptives into their health-care systems, but Mauritius emphasised education instead of laws that limited family size, including making school free by 1976, which made it much easier for families to choose between sending their sons or daughters out to work or continuing their education. But already by that time, as Ramola Ramtohul wrote in an article entitled ‘Fractured Sisterhood: The Historical Evolution of the Women’s Movement in Mauritius’, ‘Mauritius had a generation of young women, especially among the upper classes, who had had access to quality education and thus had a different outlook on life’ (Afrika Zamani 18 & 19:71–101, 2010–2011).

The result: a more than 60 per cent decline in fertility rate over the years 1965 to 1980, and a 75 per cent decline by 2010. Along with this came increasing prosperity for the country’s people as a whole – from a low-income agricultural economy in 1968 to a diversified middle-income economy over the ensuing decades. In fact, for the past few years Mauritius has ranked first among Africa’s countries (and forty-fifth worldwide) in terms of economic competitiveness, a measure that includes such things as infrastructure, education, financial market development, technology and market size.

That recipe for success is translatable to other countries that today stand where Mauritius did half a century ago, but it requires one more essential ingredient: tolerance for diversity of cultural traditions, and openness to new ways of doing things. Mauritians had those things built in through their history, with a succession of Portuguese, Dutch, French and British colonisers, who over the course of a few centuries melded with Africans (originally brought in as slaves), Indians (brought in as indentured servants when the slave trade was abolished) and Chinese settlers. Once colonial rule was removed, the resulting ‘rainbow nation’ included four ethnic and four major religious groups that had found ways to peacefully co-exist and work together to make things better. That kind of tolerance and cooperation will be absolutely essential if the Mauritius success story is to be replicated elsewhere; religious intolerance and ethnic rivalries end up being deal-breakers.

The drop in fertility rates in countries like China, Mauritius, India and others was unforeseen by Paul Ehrlich when he wrote The Population Bomb, and is one reason his prediction of widespread doom by the year 2000 did not come to pass. When he wrote the book, fertility rates in such countries were near six children per woman or higher; less than a decade later, the carrot or stick approach began lowering that precipitously, with the effect that by the year 2000, the average fertility rate in those countries had fallen to 2.5 or fewer children per woman. The lesson there is that it is very possible to bring population growth rates under control fast, especially when it is done with the carrots of education and economic betterment, in ways that make the majority of people happy and more productive.

The other very important thing that The Population Bomb underestimated was human innovation. The prediction of doom was strongly influenced by the food crisis that was looming in 1968 – people in poor countries had been dying of starvation on a massive scale over the previous few years. But with the recognition of world hunger as a problem, innovation and cross-nation cooperation kicked in, taking the form of the Green Revolution, which ramped up food production many times over in just two decades, and thereby staved off mass starvation for a billion or so people. Later, along came computers, the internet and mobile phone technology, which now make possible a global conversation about any world crisis, and harness what could be called a global brain – at last count more than six billion connected people – to formulate and implement feasible solutions. So we bought some time through the last bit of the twentieth century. What about now?

One more lesson comes out of the nearly four decades we’ve had since 1968 to observe how population growth and the human spirit actually work: despite the fact that things didn’t crash by the end of the twentieth century, we are not out of the woods by any means. We now know with reasonable certainty that in just the next half a lifetime, some ten billion people will be on the planet, seething masses overwhelming the capacities of poor countries and banging at the doors of rich ones. As a result, cities will at least double in size, the old will outnumber the young in many communities, and many more places will see their social, political and economic systems put in a pressure cooker. Mind you, this is the best-case scenario – where we rapidly bring fertility rates down to replacement rate in all the nations where that is currently not the case. Even this optimistic scenario means that population growth is about to tip humanity into a future that will be as different from the present as the India we experienced in 2007 was from our home in the United States back then. Whether that future ends up looking like Ehrlich’s Hell remains to be seen – it still could, if we make the wrong choices.

But one thing is for sure: sustaining at least the quality of life that the world provides to people today is not going to happen if we ignore how an extra three billion of us are going to impact the planet. It’s not just our numbers we have to worry about – it’s also what each of us needs and wants.
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STUFF

Tony, near midnight, southern Colorado, around 1960

My heart was pounding just about as loud as his fist on the door. Bam! Bam! Bam! ‘I want my money! I want my money!’ Bam! Bam! Bam!

I was a little kid, maybe eight years old, eyes shut tight, hunkered down in our tiny house, a well-worn clapboard whose once-white paint had seen better days and was peeling here and there. Inside was hideous grey wallpaper with big maroon flowers in the cramped living room, a linoleum-floored kitchen with a chrome-legged, red-topped Formica table, one institutional-green bedroom for my parents, and a dingy pink room where I slept. One of the windows in that room had a prime view of the dirt alley where ragweed liked to grow, and the other opened right onto the slab-concrete front porch, which sat there like a pitiful stage in full view of one of the town’s busiest streets. My bed was right next to the porch window, wide open that hot summer night, so the slamming door of a ratty pick-up truck less than twenty feet away had awoken me, followed by the angry stomping of feet up the two porch steps. At that point all that was standing between me and the drunk man pounding on our door was a flimsy curtain and a rusting screen. I fully expected his fist to come smashing through at any second. I lay there as still as I could, tried not to breathe too loud, and hoped for the best.

I had had a lot of practice in hoping for the best, because we were poor. I never got the full story on why that man was beating on our door in the middle of the night, but as near as I could work it out, he thought he was owed some money, and whether or not he was, we just didn’t have any to give him. That year was a particularly bad one, I think – probably the same year when there was a month or two when we had to choose between getting our electricity or our gas shut off because we couldn’t afford to pay for both, and when some meals came from hunting rabbits or doves on the outskirts of town.

The point being, I didn’t have a lot of stuff when I was growing up. But I certainly knew a lot of kids who did. And like anyone who is forced to do without, I came to equate having nice stuff with having a better life. For whatever reason, that seems to be human nature, which is in large part why, fast-forward nearly fifty years, our family is now like millions of other middle-class families in industrialised nations. We have a decent house, with climate control and a nice irrigated yard, a couple of cars, computers, mobile phones, and what sometimes seems like an uncountable number of gadgets, the purchase of which makes us feel good, at least for a while. And, like most parents, we’ve done our best to make sure our children have all those things that we thought would make us happy when we were little. In a word, we’ve attained what a billion or so people consider normal.

Normal for places like the United States, the European Union and a few other small pockets throughout the world, anyway. Most of the human race now exists on less than $10 a day, and about a billion scrape by on less than $2 per day. Poor as we were by American standards when I was growing up, I now know that even back when that guy was beating on our door, we were well off in comparison to most people in the world. And I’d wager that, just like me when I was young, the vast majority of those people are looking for that sense of accomplishment that comes from bettering their situation, and especially from working to make sure their kids have a better life. Happily, the opportunities for advancing the next generation are growing in many countries that harbour huge numbers of poor people, among them the most populous nations on Earth – places like India and China. Which means that, if human nature follows the same course in such places as it has in already-developed nations, in many, many more households over the next thirty years the presents will pile high as the old stuff is replaced with the newer models.

The emotional satisfaction that ever-growing pile will bring to billions is hard to deny, both in principle and in reality. Although material goods are certainly not the route to true happiness, in today’s world, like it or not, they do in large measure help define social status, self-worth, and are often the currency with which to outwardly express affection, even love – diamonds are forever, so they say. And some material things – like our electronic communications network, planes, cars and so on – are in fact necessary to maintain the global connections that society now so depends upon.

All of which leads to a major conundrum, because the material stuff we value so much does not appear out of thin air. Ultimately, each and every thing we manufacture ends up eating a little bit of Planet Earth, and the pie is going fast. The best estimates, from a group called the Global Footprint Network, indicate that presently we are using up the planet at a pace that would require one and a half Earths to sustain us over the long term. Assuming no changes in how we do business, and taking into account the growing numbers of people in the world and the entry of more and more of them into better economic situations, we will require the equivalent of two Earths to sustain us by the year 2030, and three Earths by 2050. Actually, if everyone lived the lifestyle of the average American – that is to say, the lifestyle we live, and that many of you reading this book live – we’d need five Earths to keep us going. The problem, of course, is that there is only one Earth.

*   *   *

None of us are actively trying to trash the planet. We are simply enjoying the stuff we have, and in some cases actually need, in today’s world. Mobile phones are a prime example. Most of the people in the world now carry around these electronic wonders, facilitating everything from the casual chat to getting water (as we mentioned in the first chapter), mobilising social movements in places like Thailand and the Middle East, and negotiating global crises. The fact that more than 6 billion mobile phone connections now link us is remarkable, in that it potentially connects most of the human race in a way that could be harnessed to solve global problems – a sort of global brain, if you will, where each phone is like a neuron that can transfer information from one part of society to the next.

But all those phones have to be produced out of raw materials, some of which you’ve probably never even heard of, but which are already in short supply. Take the ever-more ubiquitous smartphone as an example. Lots of people, us included, don’t leave home without one of them, and it’s not inaccurate to say there is a large sector of society that regard them as indispensable. No need to memorise, just Google it.

Just using one popular model as an example, as of March 2014, around half a billion had been produced and sold worldwide. Include all smartphones, and the number increases to more than 1.4 billion in use, a number that grew by 44 per cent in 2013, with many more poised to be manufactured over the coming years. Mind you, there were no smartphones before 2007, so we’re still in the early days. Even so, the world is starting to feel the impact, although all you feel immediately is a bit of pleasure as you heft that sleek new phone in your hand, and as you stroke from app to app on that wonderfully responsive touchscreen.

What you’re actually stroking is rare earths. Producing that touchscreen requires somebody, somewhere, digging in a mine to extract minerals that will ultimately yield elements like yttrium, lanthanum, praseodymium, europium, gadolinium, terbium, dysprosium, cerium and neodymium. Rare-earth elements are not exactly rare, but are so named because there are few economically viable ore deposits that yield them, and they are found in only a few countries. For that reason, among others, world production of rare earths has shifted from country to country over the years, as one area gets mined out or as political and economic winds shift. India and Brazil used to be leading producers sixty years ago. Then the Mountain Pass mine in California took over as the top dog in the 1960s and 1980s. Today it’s mostly all about China, which produces over 90 per cent of the rare earths necessary for manufacturing not only mobile phones, but also critical components in the motors and batteries for electric and hybrid cars, windmill turbines, and a variety of other things that are becoming increasingly important to society.

Which brings us back to tipping points, in two guises. The most obvious one is that any time a single country holds a monopoly on a needed commodity, problems can arise. In 2011, China produced a whopping 97 per cent of the rare-earth elements needed by the world. That has fallen to about 80 per cent since then, as mines in other countries came on line, but much of the ore from those mines ends up passing through China for processing anyway. This single-country bottleneck means we only have to look a couple of years down the road to see trouble. In 2010, world demand for rare-earth elements was about 136,100 tons, but global production was only 133,600 tons (remember, almost all from China). The 2,500-ton shortfall was covered by stocks already on hand from previous mining. By 2015, global demand is estimated to reach between 160,000 and 210,000 tons per year. Over the same time, China estimated that its internal demand would require 130,000 tons per year, which led to it restricting its exports, beginning in 2010. That caused some upheaval – it drove up prices for rare earths, meaning that United States and European manufacturers were forced to pay three times as much as their Chinese competitors, causing a dispute that landed at the World Trade Organization.

The outcome of that dispute aside (China lost, but as of 2014 was appealing), one simple fact remains. Within just the next two years, without a major recycling campaign, a lot more mines are going to have to be opened up to cover the anticipated shortfall of at least thirty thousand tons. While most experts agree that the reserves in the ground will probably meet demand for the next decade or two – it’s uncertain after that – bringing a new mine on line and getting its products into the supply chain takes five to ten years, meaning that at least temporary shortfalls are already on the horizon. The political and economic ramifications include things like price spikes and trade wars. In the best case, you can think of such marked and political fluctuations as very rapid changes in global dynamics that are potentially reversible, much like the boiling-water-to-steam kind of tipping point described in Chapter 1. For instance, with rare earths, five to ten years down the road, prices and availability could stabilise for a while if more mines are able to be brought on line, but in the interim, a period of volatility could make for some rough going for society. In the worst case, control of a needed resource by a single country makes for a new world order – a tipping point that is essentially irreversible over human lifetimes.

Ramping up rare-earth production also brings us to a second kind of tipping point – adding all those new mines means that we inevitably destroy what was there beforehand, and often make the surrounding areas unfit places to live. One of the most infamous mines-gone-bad examples is China’s Ba0tou district in the Gobi Desert of Inner Mongolia. Satellite images of the area bring to mind gigantic blobs of decaying grey-brown intestines splayed around waterways, and populated areas and waterways that show up as blood-red spatters and rivulets. (These remarkable NASA Earth Observatory Images can be viewed at http://earthobservatory.nasa.gov/IOTD/view.php?id=77723.) The intestine-blobs are open-pit mines, the largest of which are more than half a mile deep (a thousand metres) and cover more than eighteen square miles (forty-eight square kilometres). Some of the blood-red rivulets drain into and out of black-coloured ponds that hold the waste water and muck from the mines. The water isn’t actually black (or blood-red) – that’s just the satellite-image colour enhancement. The real water is in fact much more colourful – oranges, yellows, browns and greys – a Technicolor swirl that is typical of soups of toxic waste.

On the ground, the situation is every bit as bad as the satellite images suggest, according to reporters who have visited and interviewed residents. You can get an idea of the scale of the problem when you realise that processing one ton of rare earths yields about two thousand tons of toxic waste. As a result, in the Baotou area, newspaper accounts say that the well water, which people drank before they knew any better, ‘looked fine, but it smelled really bad’, as related by a local farmer, Wang Jianguo, in a Guardian news story by Jonathan Kaiman (‘Rare Earth Mining in China: The Bleak Social and Environmental Costs’, 20 March 2014). The reason for the bad smell was that the water was laced with carcinogens and other toxic substances. The article that reported Wang’s words went on to say: ‘In the 1990s, when China’s rare earths production kicked into full gear, [Wang’s] sheep died and his cabbage crops withered. Most of his neighbours have moved away. Seven have died of cancer. His teeth have grown yellow and crooked; they jut out at strange angles from blackened gums.’ Some local sheep (those that survive) grow ‘two rows of teeth, some so long that they couldn’t close their mouths’.

Those kinds of examples are not confined to China by any means, nor are they confined to rare-earth mines – in the United States, for instance, just head west on Interstate 90 from Butte, Montana, towards Anaconda. In Butte you’ll see the Berkeley Pit, the mile-long, half-mile-wide, third-of-a-mile-deep remnant of an open-pit copper mine. The Pit is now partially filled by a lake, which is actually a potent broth of arsenic, cadmium, zinc, copper and sulphuric acid. Keep driving west out of Butte and you’ll begin to see stunted trees, then none at all, the result of soil contamination from noxious fumes and dangerous particulates that used to belch out of the copper smelters at Anaconda. Copper has not been mined in Butte or smelted at Anaconda for decades, yet a huge landscape, and its ability to support people and animals, and grow plants, has been changed forever.

We’ll talk more about the tipping points triggered by environmental devastation in Chapter 7, but the key point here is simply this: keeping all those mobile phones rolling off the assembly lines, as we’ve done up to now, is taking an ever-growing toll on Planet Earth. The copper in your smartphone probably comes from Chile, the gold from Peru, the silver from Australia, and the platinum from South Africa. It could also have coltan from Africa. Each of those places, and many more, now has its own versions of Baotou or Butte, and the number of those tipped-to-devastation landscapes is growing by the day.

*   *   *

Mining the raw materials that go into the stuff we like is just the first part of the impact story. The next part is turning the raw materials into the final product and getting it to your doorstep. That takes, in a word, energy, in the form of electricity or heat to power various manufacturing processes, and petrol, diesel or jet fuel to transport components through all the places linked in a product’s supply chain: for instance, the supply chain for smartphones can include about seventeen countries. All that energy means that the material goods we’re so fond of contribute mightily to changing Earth’s climate.

We’ll say more about climate change and its part in the tipping-point recipe in Chapter 4. But for now, suffice to say that there is a tight bond between climate change and our current love affair with stuff, because every new item that is produced adds more greenhouse gases to the atmosphere. It’s those greenhouse gases – primarily carbon dioxide but also nitrous oxide, methane and chlorofluorocarbons – that are essentially giving Earth a fever, causing not only more killer heatwaves, but also more droughts, floods, ocean acidification and so on. Greenhouse gases come from burning the fossil fuels we use to manufacture and transport all our material goods, a mode of energy production that people have exploited since the Industrial Revolution began some three centuries ago. And what that means in terms of manufacturing and transporting goods is that each and every thing you buy is part of the climate-change problem, as well as part of the raw materials problem.

The production and use of a typical smartphone over its life, for instance, adds somewhere between forty-five and seventy-five kilograms of carbon dioxide into the atmosphere. Let’s use a middle-of-the-road estimate that averages out the differences between models, say sixty kilograms. Multiply that by half a billion of just one popular model sold since 2007, and you’re up to about thirty million metric tons of CO2. That by itself translates into just a tiny bit of greenhouse warming, a drop in the bucket really. But here’s the issue: it’s not only mobile phones that are part of the emissions problem, it’s everything you buy. Even your basic plastic doll has a carbon footprint. A study by the California College of the Arts Design Strategy Program calculated, for example, that the production, packaging and delivery of a typical plastic doll – they used a Barbie doll – requires about 3.2 cups of oil. That means that every 210 dolls manufactured burn through about a barrel of oil, which emits about 0.43 metric tons of CO2. Multiply that by tens of millions of dolls per year – for instance, at least 10.5 million Barbies are sold annually – and that means annual doll emissions amount to several tens of thousands of tons of CO2. And taking into account that billions of plastic dolls have been sold over the past six decades, we’re looking at a doll-carbon footprint well in excess of seven million metric tons. Calculating carbon footprints like this is useful in highlighting where they can be reduced for specific products.

Lego, for example, has recently collaborated with the World Wide Fund for Nature to reduce its carbon footprint at manufacturing plants from a hundred thousand to ninety thousand tons of CO2 annually. But the majority of Lego’s CO2 footprint is from the supply chain, including material extraction, refinement and distribution. If the company could cut those emissions by 10 per cent, it would save the planet a whopping one hundred thousand tons, or the equivalent of removing twenty-eight thousand cars from the road. Do similar calculations for all the goods manufactured in 2014, and the number gets very big, accounting for a very significant chunk – more than 20 per cent – of the greenhouse-gas emission problem globally, and around 50 per cent for the United States, which leads the world in consuming stuff. As the rich man once said, a million here, a million there, and pretty soon you’re talking real money. Or in our case, real climate change.

The bottom line here is that producing more and more of the stuff we want, in the manner we have been, not only marches us towards tipping points in resources, politics and economics, it also builds inexorably to a climate tipping point. This highlights a very important consideration when thinking about global tipping points: it’s not just one trigger that we have to worry about. As we’ll see, what can at first glance seem an isolated piece of the overall Earth and societal system – producing stuff, for example – is in fact intimately intertwined with many other parts. Therefore changes in one part of the system have the potential to trigger unexpected changes in other parts, multiplying both the likelihood of a global tipping point and the overall magnitude of the changes that would result.

Fixing the stuff problem is going to be one of the trickiest bits of setting the world on track towards a viable future. It requires, first, recognising and dealing with the reality that the world is now composed of the ‘haves’, those people lucky enough to be able to afford lots of stuff, and the ‘have nots’, those who have to make do with a whole lot less, but who see the path to social and emotional fulfilment as being able to afford lots of material things. The ‘haves’, of course, are those of us in developed countries – like the United States, Japan, the United Kingdom and most of the others in the European Union. We simply consume a whole lot more than our counterparts in most African countries, India, China and other such places.

One way to get a handle on the magnitude of that difference is to look at various measures of per capita consumption on a country-by-country basis. While there is no magic ‘consumption index’, a correlate you can wrap your head around is how much oil, on average, each person in a country uses in a year, because your ‘oil footprint’ is determined not only by how much you drive or how you heat your house, but as we just mentioned, also from the oil used in producing or transporting pretty much every item you have, from the food on your table, to the table itself, to the jewellery you wear, to the clothes on your back, right down to your underwear. The more stuff you have, the larger your oil footprint.

Figures for per capita oil consumption by country are easy to derive from sources like the United States CIA World Factbook, and you may recall we mentioned the numbers for some countries in Chapter 1. Looking at a few more examples makes it clear that the disparities are tremendous. For example, the average person in the United States or Norway uses 110 times more oil in a year than the average Nepali, eight times more than the average person in China, about twice as much as in the United Kingdom or Germany, but only about a quarter as much as the average citizen in Singapore. Here is where the relationship between population size and consumption becomes important, though – a country’s per capita consumption can be very low, but if that country has a lot of people, its overall contribution to the consumption footprint still comes out very high, and vice versa – lots of consumption by few people shoots a country to the top of the consumption problem.

That’s exactly the reason that the United States, with only 314 million residents – around a quarter of China’s or India’s population, and less than two-thirds of the European Union’s – is at the top of the consumption chart. Its total consumption (18.84 million barrels of oil per day, or twenty-two barrels per year per person) far outstrips much more populous regions in eating up the world’s resources, like those that rank number two and three, respectively, the European Union and China. The EU goes through 12.8 million barrels per day for a population of 509 million people (9.2 barrels per person per year), with China earning its number three rank by having lots more people (1.3 billion), each of whom on average is burning less oil each day (9.8 million barrels daily, equating to 2.7 barrels per year per person). Japan holds down the number four spot (4.46 million barrels per day): though its population (127 million) is small by comparison with the top three consumers, its per capita consumption (12.8 barrels per person per year) is high (but still not as high as the United States). Like China, India makes it onto the top-five list not because of high per capita consumption – in fact, Indian consumption is almost pitifully low, at 0.2 barrels per person per year – but because the country is so populous (1.25 billion and growing). Singapore illustrates just the reverse: although it has only 5.3 million people, its huge per capita consumption of oil (80.7 barrels per year per person) kicks it all the way up to number seventeen on the world’s top consumers list (1.38 million barrels per day).

Such accounting makes it pretty clear that if we are going to avoid tipping points triggered by the continual production and coveting of stuff, equalling out the disparities in consumption patterns as we go into the future is going to be essential. That’s not going to be easy, human nature being what it is, with the haves wanting to hang on to what they’ve got and to get more, and the have-nots both wanting and, by any moral compass, deserving the opportunities to earn what they see the haves enjoying. It doesn’t take a genius to see that if per capita consumption patterns in India, China, the Middle East and Africa were at United States levels – even today, with ‘only’ 7.3 billion people on Earth – the world would be, in a word, screwed. Not to mention the way things would go once the inevitable population growth described in the last chapter kicks in. The world would be one of political instability as nations made a grab for the last remaining resources, of economic instability as price wars and real wars flared up in response to limited raw materials and disrupted supply chains, and as many, many more Batous and Buttes spread out across the globe.

Avoiding those kinds of scenarios will require some shifts in how people think in three related areas. First, it’s going to be necessary to bring per capita consumption down in those nations that are currently over-consuming, while at the same time allowing under-consuming countries to rise to comfortable levels. Second, the current myth that the only viable economic model is continued growth – i.e., producing and selling more stuff – is going to have to be replaced with reality: the only thing that is going to work for the planet is maintaining the economy at a comfortable, consistent level, rather than constant growth. And third, we’re going to have to become much more efficient at designing products whose cradle-to-grave environmental footprint is effectively zero, and encouraging the reuse and refurbishment of products already made.

Is it even remotely realistic to think that humanity is capable of accomplishing these three things? The first two are not totally out of the question. The hope there lies in the increasingly globalised society in which we now live. Not the abstract global, but the real movement of people from country to country, culture to culture, that results in the immersion of more and more ‘haves’ in ways of life that are different from those in which they grew up. This movement around the globe is increasingly common as jobs, or simply the taste for adventure, thrust growing numbers of people – especially those from developed countries, which are the chief drivers of the overconsumption problem – into living situations that cause them to question what they thought they needed. Sure, there’s no place like home, but some of what you see in far-flung places cannot help but make you question just how much stuff you truly need to make you comfortable and happy. For various reasons, we’ve had the good fortune to spend considerable time in places where people consume a whole lot less than they do in the United States. We’ve lived for extended periods in Europe and South America, and our work has taken us into the major cities and back-country of places like Nepal, Costa Rica, India and China.

And here’s what we’ve learned. First, no denying it, more money, more stuff, can buy you more happiness and satisfaction, but only up to a certain point. We’ve seen the slums and misery in various places in Africa, Asia and South America, the beggars in the street, and seen the sleet sweep through sprawling slums of blue plastic tarps strung with rope, or, for a ‘lucky’ few, corrugated tin nailed over scraps of wood. We guarantee you that we, just like the people living there, have absolutely no desire to live like that. What ultimately gets people out of that situation is having enough money to buy the food, housing, and eventually a few amenities, that unequivocally make their lives pleasanter and them happier.

But there’s also no denying that once you acquire a certain amount of stuff, acquiring more does little to make you more comfortable or feel better about yourself. We know that first-hand by contrasting the life we led when we lived for a year in Santiago, Chile, with the life we live in California. Per capita consumption in Chile, at least as measured by the oil-consumption index, is about a third of what we were used to in California. In Santiago we scaled back to fit that norm. We lived with our two kids – at the time Emma was fifteen and Clara was twelve – in an apartment that would fit in a couple of rooms of our house in California. There was no central heating or air conditioning, but a small space heater took off enough of the chill in the winter, and we moved it from room to room with us. Chileans live with much less climate control inside their homes and offices than we do: Liz’s office mate sat at his desk computer typing in fingerless gloves and an overcoat every cold day in the winter. We had no car, relying instead on public transport, or occasionally hitting the local rent-a-car company for road trips. The material goods we brought with us to Chile, and which suited us just fine for the year, fitted in one suitcase each. Yet, on a day-to-day basis, we never really noticed what we had left behind, and in many ways we were liberated by having less. By no means were we roughing it. Our eighth-floor, window-walled downtown apartment in Las Condes overlooked the gleaming skyscrapers and bustling streets of Santiago’s financial district. Downsizing in the stuff department had no effect on our emotional well-being, because even the downsized version of our normal life was, well, excellent.

Our experience is by no means unique. There have been many studies that have tried to figure out the price-point where money and the stuff it buys no longer substantially increase happiness. That point is surprisingly low on a worldwide basis: per capita annual income of about $12,000. Of course, the price-point for basic happiness varies depending on what’s considered normal where you live, and how exactly you define happiness. In industrialised nations, the price is much higher than the world average, and the cut-off differs depending on whether you are talking about emotional well-being (feeling good about yourself) or life satisfaction (feeling you’ve been successful in comparison to others). For the United States, the world’s top-consuming nation (but only the fourteenth richest in terms of average per capita income), the money-to-emotional well-being curve plateaus at an income of about $75,000 per year (as of 2010). However, in terms of feeling ‘successful’ (in the United States anyway) – measuring your self-worth against others – money seems to keep on talking no matter how much you make.

That study was spearheaded by Nobel Prize-winning psychologist Daniel Kahneman, and it (and others) shows that the real issue for changing how much stuff we think we need is not so much what makes us feel good about ourselves (emotional well-being), because emotional well-being plateaus at a relatively low price-point in the money-versus-happiness relationship. The stuff problem is fuelled largely by thinking that once we hit the emotional well-being plateau, what will take us even deeper into Happy Land is buying the latest new car, new gadget, and in general having more stuff than the people around us. That, of course, just doesn’t work – if you want to use money to buy happiness, the answer seems to lie not in buying more stuff, but in buying more experiences, and in spending more of the money you don’t need to fulfil your basic necessities to help others. Those were among the findings of psychology professor Elizabeth Dunn, from the University of British Columbia, and Michael Norton, a professor of marketing at Harvard University, in their book Happy Money: The New Science of Smarter Spending. They found that buying stuff (once you have the basics), while not necessarily making you unhappy, does not make you any happier, whereas buying experiences – like going to a concert, or taking a trip – does in fact actually bring lasting joy. That certainly rings true for our family: those fun things we tend to talk about around the dinner table are invariably the things we did, not the things we bought.

In that simple truth lies a big chunk of the solution for bringing per capita consumption down. Once you’ve hit that basic comfort level with material goods, rather than buying more and more stuff, which won’t ultimately make you any happier, if you must, buy more and more experiences, which ultimately will. That, in turn, can drive the global economy from one focused on maintaining itself (and growing) by producing more and more stuff, to one that provides more and more experiences, things that make people happier while at the same time trashing less of the planet. Clearly those markets already exist – everything from learning to knit or sail, to hiking and camping holidays, to wine tours, to just plain old reading a good book – all those things are out there already, and are making lots and lots of people happier by the day. Given the range of experiences on people’s bucket lists, the opportunities are almost endless for clever entrepreneurs.

But what about the fact that many people’s overall life satisfaction continues to increase, with income far beyond that at which emotional well-being levels off? That’s the other fact that came out of Daniel Kahneman’s work, and basically it comes down to asking yourself, ‘How good am I compared to those around me?’, and evaluating that by counting your things, seeing you have more than the person next to you, and saying, ‘Hee hee hee, I’m better than you!’ because of it. That competitive edge to human nature is not something we are ever going to get rid of, nor would we want to – although maybe we could tone it down a little – since ultimately competition results in some great achievements, even if they sometimes end up being the flip side of great disasters. Insofar as solving the stuff problem goes, then, the trick is not to try to get rid of the competition: it’s to change the slogan on the T-shirt from ‘[S]He Who Dies with the Most Toys Wins’ to ‘[S]He Who Dies with the Most Experiences Wins’.

Let’s say humanity can pull off that trick, and do it within the next couple of decades. We’re still faced with the looming reality that there are billions of people who need to climb higher to even get to the stuff-to-happiness plateau; that is, they really don’t have the basic level of material goods they need to be happy. Almost certainly, over the next few decades a large proportion of those people will make that climb, and in a perfect world, all of them should. Which, as far as tipping points go, means that even assuming that attitude readjustments like substituting experiences for stuff in the quest for happiness come to pass, at least some natural resources, and possibly many, will become strained to the breaking point. Earlier we mentioned the Global Footprint Network, a group of scientists that audits the consumption rates of various global resource indicators like land, water and biodiversity. The basic method is to compare how fast a resource is being used up, versus how fast it’s being replenished, and it is those kinds of comparisons that lead to assessments such as that one and a half Earths would be needed to sustain us at our present pace. Clearly, the using-it-up side of the equation is only going to get larger as more and more people acquire their basic allotment of material goods. Is there any way to balance that by increasing the replenishment side of the equation?

That may be possible, at least to some extent, through the tried and true mantra of reuse and recycle. The gains could be tremendous. For instance, returning to our smartphone example, one leading manufacturer estimates that the average lifespan of a new phone is about six years. Yet, how many of you who own smartphones still have the one you bought six years ago? If you live in the United States or the United Kingdom, probably just about none of you – the average turn-around time for mobile phones in those countries is about two years. In the United States alone, somewhere in the neighbourhood of three hundred million of the most popular brand of smartphone have been sold since 2007. A two-year turnover means that about two hundred million of those phones should be available for reuse. It’s a no-brainer that simply passing them on down the line to the next consumer who would want them – like the billions of people who are still doing without the basics – would save all the raw materials it would take to produce two hundred million new phones. It’s also a no-brainer that in order to make the kind of difference that is needed, the baby-step way in which we presently reuse and recycle is going to have to be scaled up dramatically. The global norm would have to reach the point where each and every one of us would regard tossing our used-up gadgets, paper, plastic and so on in the rubbish instead of in the recycling bin as on a par with, say, peeing on the kitchen floor.

Of course, after a time all products simply wear out. Today, when they reach that point it’s often cheaper just to dump them into the landfill than to break them down into pieces and materials that could be used elsewhere. That cost–benefit ratio is bound to shift as critical materials get scarcer: given our technological expertise, there is no reason that it shouldn’t be less expensive to mine raw materials out of, say, cast-off smartphones than it is to tear down a mountain. Especially when you consider that one ton of discarded phones would produce 324 times more gold, fourteen times more copper, and seven times more silver than a ton of ore at economically feasible hard-rock mines these days.

Right now, however, recycling things like electronics is usually a ship-it-to-the-third-world industry, and leaving aside the carbon costs of shipping, the environmental and labour laws in the third world are lax to non-existent. We hear horror stories of backyard smelters where mum, dad and the kids smash up computer monitors with sledgehammers, melt down motherboards with hand-held blowtorches, and soak components in open vats of sulphuric acid to recover lead, copper and gold. In Delhi, whole neighbourhoods are devoted to this toxic, deadly enterprise, a perfect study in the worst way to recycle. Clearly, industry is capable of developing better, more efficient ways to turn many kinds of e-wastes (and other wastes) back into raw materials needed to produce the next round of stuff, if we simply bring our human ingenuity and our technological prowess into play. Among the key challenges will be figuring out ways to recycle critical materials that now fall by the wayside. For example, whereas we already know how to retrieve various metals from scrap electronics, we have yet to invent the way to extract and reuse the rare-earth elements that are locked up in them.

The other means by which human ingenuity and technology can come to our rescue is by coming up with ways to more comprehensively track the environmental cost through the cradle-to-grave life-cycle of each of the many products that society now uses with such abandon. Already consumers find it useful to read lists of ingredients or warnings on product labels when deciding where to lay down their hard-earned money. Many of us like to know where our food comes from, and in the 1980s, national pride elevated the ‘Made in USA’ label into a money-making endeavour, even if it implied a less-than-quality product. Now that label connotes an increase in quality, valued in the States and elsewhere too. US consumers are more and more aware of lax labour and environmental laws in manufacturing, and are more likely to rebel against purchasing products from those countries with little concern for their workforce. As a result, large companies are modifying their reliance on ‘sweatshops’ because they know that, more than selling their product, they are selling an image.

In the same vein, having an ‘environmental footprint’ rating on every product would probably go a long way towards postponing, or in the best case even avoiding, stuff-triggered tipping points, at both the grassroots and the regulatory levels. At the grassroots level, most people, when given the choice between buying something that they know is ultimately harmful in the long run versus something more benign, go for the more benign choice. The result: bigger profits for the producers of environmentally friendly products. If you don’t believe that, ask yourself why even oil companies are emphasising how environmentally friendly they are these days. BP promoted itself as ‘Beyond Petroleum’, and you can find just about any major company you care to name advertising what it’s doing for the environment.

That’s given rise to a whole new word in the advertising lexicon – ‘greenwashing’, which refers to a company casting itself and its products as environmentally friendly, even though they really are not. How is the consumer to figure out who’s telling the truth? That’s where regulatory agencies come in: actually tracking cradle-to-grave environmental footprints would make it clear who is merely greenwashing and whose environmental claims are based in fact. Environmental footprint ratings would also give regulatory agencies a way to reward producers of environmentally benign products, through providing various monetary incentives, while at the same time penalising, through taxation, environmentally destructive practices. Again, more profits for the good guys.

As greenwashing amply shows, words are one thing, and actions are another. A big reason people don’t yet pay much attention to cradle-to-grave environmental costs is because our production of stuff has grown in such a helter-skelter way. A recent assessment of the state of the art in tracing supply chains, ‘The Science of Sustainable Supply Chains’ by Dara O’Rourke, put it this way: ‘It is still almost impossible to trace the cotton in a popular shirt from the store back to the farms where it was grown … let alone to measure the full impacts and externalised costs of the apparel supply chain’ (Science 344:1124–1127). That, in theory, can change, given our current technology and data-tracking capabilities, and a whole new science of product ‘life-cycle assessment’ is growing up around that premise. Life-cycle assessment basically looks at things like the entire supply chain that leads to a finished product, how the product is used, and how it is disposed of, assigning an environmental cost or benefit to each stage. Ideally, such analyses hold the key to actually rating the environmental footprint of each and every product. That will have to ramp up pretty darn fast, though, if it is going to make a big enough dent in our stuff problem to avoid stuff-triggered tipping points.

We’re hoping that such efforts do ramp up adequately, and that humanity can kick its stuff addiction in time. It’s possible, but only if people are willing to shift their attitudes about material things, and if technology comes to the rescue in the ways we’ve outlined in this chapter. The reality, though, is that it’s going to be nip-and-tuck – it is so ingrained in such a large part of the world that things are the measure of success, and to some extent of happiness, that it’s entirely plausible – many would say it’s more likely than not – that as we roll through the next thirty years we really will be needing even more Earths than we need today in order to keep on keeping up with the Joneses. If that comes to pass, the world our children will live in when they are our age will be one that not only has at least ten billion people in it, as we saw in the previous chapter, but also one in which billions more people than today are scrambling for the newest toy at the expense of all else. Under those circumstances, the stuff-producing mill will begin to creak and groan as it runs short of critical materials and increasingly fouls the planetary nest, and more and more political and economic flash-bang grenades will be going off as nations jockey to control raw materials that are only available outside their borders.

Unsettling as that picture is, it wouldn’t stop there if we combine increasing human population and increasing demand for more stuff, while still powering our manufacturing systems in the same old way we’re used to, namely with fossil fuels. As we alluded to earlier, that combination queues up yet another tipping point, an overarching one that affects not only this or that limited resource, but the whole world and every living thing in it. All those greenhouse gases produced by manufacturing and using stuff are already causing a shift in Earth’s climate that is more massive than any human being has ever experienced, in the entire history of our species. Let’s see in the next chapter how that would play out, if we didn’t change our ways.
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Liz, Yellowstone National Park, July 1988

I had never packed pearls and heels in my backpack before. By invitation, I was on my way to the exclusive Silver Tip Ranch, on the northern border of Yellowstone National Park, nicely squeezed in between the Absaroka-Beartooth Wilderness and the park. My hiking partners were Yellowstone’s then-Superintendent Bob Barbee and my boss, John Varley, who was then the park’s Chief of Research. We made the decision not to take the journey on horseback or by wagon so that we could enjoy the walk through one of the most spectacular of all of Yellowstone’s landscapes. Slough Creek Valley is the only meandering stream in all of northern Yellowstone, and its wide, glacially carved bed sits just below the aptly named Cutoff Mountain. The creek is famous for its cutthroat trout, which are wilier than most in Yellowstone, but fishing there is about as perfect as it gets, especially upstream, since few anglers are willing to hike that far for a fish.

I was pretty excited to be headed to Silver Tip with Bob and John, two men I had long admired, and I considered myself lucky to be spending some quality back-country time with them. Bob endeavoured to use science to make decisions about park management, and John oversaw hundreds of park research projects. Both were smart, desperately loved Yellowstone and were committed to keeping it a national treasure. The philosophy of management, then and to some extent now, was a ‘laissez-faire’ approach, one honed from a 1964 conservation ‘bible’ known as the Leopold Report and further refined as new issues presented challenges through the ensuing decades. Both these men viewed themselves as stewards of the park, with the responsibility to preserve its special qualities, despite the heavy hand of people. The park research they condoned helped to inform them about how the Yellowstone ecosystem functioned. In their minds, they were entrusted with keeping the park accessible to the millions of visitors who travelled through it, while maintaining it as ‘intact’ as possible within its boundaries. This philosophy is what was challenged that summer.

As the horse-drawn wagon with supplies for the ranch passed us, the cowboy driver tipped his hat. He would have changed his clothes and quenched his thirst by the time we arrived at Silver Tip Ranch hours later. Our rendezvous at the ranch had been organised so that I could present the results of my ongoing research into the palaeoecology of Yellowstone, and the intended audience was a group of wealthy personal guests of the ranch who had helicoptered in for their vacation. Bob and John thought I might provide this group with a little ‘local research’ about the national park, in the hope of forging a partnership. My work focused on the past several thousand years of history of the Yellowstone ecosystem, which I reconstructed through excavating and studying fossil mammals, birds, amphibians and reptiles from caves in the region. My research, in a sense, created a moving picture of the present ecosystem back in time. Which animals were there before the park was established? Were they similar in composition to the animals there today? Were wolves present a thousand years ago? What about elk? Did Yellowstone’s environments change significantly through this time, and if so, how did the animals respond? The data were clear and compelling: the present Yellowstone ecosystem has been in existence for millennia. Yellowstone has demonstrated resilience in the face of changing environments, and its animal community has remained pretty much the same. Fires have come and gone, many generations of elk have been born in the park, and wolves were top predators hundreds of years ago, as they are again today (they were reintroduced to Yellowstone in 1995). I aimed to tell that story at the ranch.

About midway through the fourteen-mile trek we stopped for a snack, and looked back to the south. There we saw an enormous grey cloud, concentrated on the horizon above the green conifers and against a deep blue sky. I couldn’t quite believe that it was from fires started by lightning from the typical summer-afternoon thunderstorms. I had never seen anything like it before – it was what I imagined the mushroom cloud from a nuclear bombing might look like. But Bob assured me that it was. This was what would become known as the Clover Mist fire. Although there was also a big fire burning on the western boundary of the park (started by a cigarette from men cutting firewood), the Clover Mist was started by lightning – it turns out that the afternoon thunderstorms weren’t producing much rain that year. Bob mentioned that he thought his job was about to get tough – that the ‘Let It Burn’ policy then in place might be a little challenging to defend with the apparent size of the fire whose cloud we were watching.

He had predicted his summer pretty accurately. Indeed, as it wore on he became not-fondly known by some outside the park as Superintendent ‘Barbee-cue’. But I’m getting ahead of my story.

Our arrival at the ranch was like a scene from a movie. At the front door was a line of fishing waders, fly rods and reels ready for guests to grab and go, outbuildings (one of which was my cabin for the night) shaded by giant conifers, and Slough Creek, winding through a meadow thick with wildflowers. A woman at her watercolour easel waved. A man in a smoking jacket and leather slippers met us at the door and ushered us into the grand entry, replete with mounted heads of Rocky Mountain big game, where he told us of the history of the ranch and offered us a cocktail. This was no typical lodge. My talk that evening – given in the pearls and the heels – went well, and dinner was a formal affair at which one of the guests asked me if I was related to the ‘Hemingway Hadleys’. That would be a ‘no’.

After my talk it became clear that the guests had only a vague idea about what Yellowstone really was, or where they were in relation to the park’s boundary. Unlike the typical park visitor, these guests, mostly from the east coast, weren’t stalled on their way to Silver Tip by traffic jams in the park – instead, most of them came in by helicopter after flying their private jet to the nearest landing strip. There was a definite feeling of isolation and insulation at Silver Tip; Yellowstone was just some other place in some other world, even though the Silver Tip visitors were right next to the park. But that bubble of insulation was about to burst. By the time we were out of Silver Tip Ranch and home, the bustling business of summer in Yellowstone – usually all about bear jams, leisurely drives, wildlife, geysers and sublime views – had morphed into a media frenzy and daily headlines about the ‘Fires of Yellowstone’. And Silver Tip Ranch, the century-old private enclave, was just as vulnerable to forests going up in smoke as anywhere else. Money couldn’t buy protection in this new climate wilderness.

That summer I became a fire expert. I learned how relative humidity, wind direction and fuel load influenced fire. I became knowledgeable about hot spots, burned acreage, firebreaks, firestorms, crown versus surface versus ground fires, per cent containment, and that fires have behaviours and names. Hundreds, then thousands, of firefighters came in from all over the country, and every morning the parking lot outside my office at Mammoth Hot Springs became a meeting area for the crews. Every day was either hot, windy and reasonably clear, or still, dark and smoky. I learned that the reprieve my lungs got on those windy days meant that the fire was expanding ferociously somewhere in the park, and the still days meant that the fire crew could assess the fire margins; but breathing hurt, and my eyes stung. I carried my walkie-talkie radio with me everywhere; all my plans were tentative. I studied fire perimeters and prepared for emergency changes of plan. My daily hike into my cave site became considerably shorter, because the river was so low that I could ford it – although even at that low stage it was waist-deep – which I had never been able to do before, except in winter when it was frozen. The air smelled like a smoky campfire in the morning, and by the end of the day a bandana across my face would come away blackened. Some evenings after my day of excavation, as the sun was setting I would drive to see the flames consume the trees along Specimen Ridge. As the summer progressed I watched the giant smoke clouds along the southern horizon billow and coalesce into a whole sky of clouds that expanded across the eastern, then northern horizons, surrounding my field area. I began to wear a government-issued bright-yellow shirt and ugly, ill-fitting green pants made of Nomex – a fire-retardant material that was ironically quite hot to wear – when I conducted my fieldwork, just in case fire flared.

Then came the day at the end of August when I was told to close down my field site. A team of firefighters came to help me evacuate with my gear and my fossils before I was trapped by the fires burning around us. At the same time, fire surrounded and then burned over Silver Tip Ranch – no lives or buildings were lost, but the firefighting resulted in many trees being cleared or burned, permanently changing the setting. Shortly after, another fire threatened my house at the northern border of the park. Terrified, I sprayed the roof with water while dodging large chunks of burning cinders as they fell. My car was packed with my most precious belongings: some family photos and the fossils from my excavations. By then I couldn’t see a thing, because the smoke was so thick … but the next day the wind came from the north, the fire burned back onto itself, and rain and snow fell, effectively shutting down new fire expansion, doing in a day what two months of firefighting could not. My visit back to my field area the following summer showed how close the fires had come before the snow fell and the wind changed direction on 11 September 1988: scorched ground pockmarked the sagebrush grassland around my cave.

The surreal drive out of the park that September is imprinted in my mind. There were no visitors left, exhausted firefighters in their Nomex suits emerged randomly from the forests, the mid-afternoon sun was darkened by smoke, and my car had to be ushered through what looked like a war zone, with flaming trees across the road, charred speed-limit signs and no evidence of animal life.

*   *   *

In all, about 250 fires burned in the Yellowstone ecosystem that summer, almost all of which were started by lightning. Lightning strikes, not uncommon in the park, that year ignited a lush growth of grasses and forbs that had grown dense during the wet, warm spring, adding to the tinderbox of fuel built up by almost a century devoid of natural fire. The fires burned more than three thousand square kilometres, almost a third of the park. The efforts of over nine thousand firefighters did little to stop the scorching flames, with standard ‘firebreaks’ useless in firestorm conditions so intense that large pieces of burning wood flew across the Grand Canyon of the Yellowstone, igniting the other side.

Little did any of us know, as we lived through those ‘Fires of ’88’, that in fact we were witnessing the American West fall over the edge of a climate-triggered tipping point. Over the last century, Earth’s average temperature has risen about 0.8°C (about 1.4°F), with most of that change since 1950. That seems ever so slow as people reckon time, because it’s only about a degree after all, and it’s played out over an entire human lifetime. In Earth time, though, the temperature has been climbing at lightning speed. A little perspective is helpful here.

Earth time is reckoned in billions of years, not in centuries, and certainly not in the years or decades people are used to dealing with. To Earth, life itself is a newcomer: for more than half of the four and a half billion years it’s been circling the sun, our planet was a big sterile rock, devoid of living things, and for more than 90 per cent of those billions of years, there was no life more complicated than single-celled algae and bacteria. It was not until about 540 million years ago – just the frosting in the many-layered cake of Earth history, but unimaginably long ago to us – that complex life began to dominate on the planet. Since then, organisms built of many different kinds of cells, each of which has its own special job in keeping the plant or animal alive, have become big players in the biosphere. Examples include everything from worms, to bugs, to sea urchins, to trees, to us, Homo sapiens. The first humans finally began to walk the planet somewhere around two hundred thousand years ago, so many generations back that we can’t begin to fathom it, but that’s less than the blink of an eye in Earth time.

And now, over only the last century – in Earth time, less than milliseconds – we’ve heated up the planet by dumping lots of greenhouse gases, especially carbon dioxide, methane and nitrous oxide, into the air. At our present pace we’re poised to heat it more over the next few decades; the expectation under business-as-usual scenarios is somewhere between 4 and 7°C, on average. To most people’s minds, that doesn’t sound like much, but that’s where the Earth time perspective comes in. The total amount Earth’s average temperature has fluctuated over the approximately six hundred million years that complex life has been on the planet is only a little over 10°C. So, in just a few decades, we are set to shoot the temperature up by half or more of the total amount it has varied in the entire history of complex life. We’re heading to a place, in terms of climate, that human beings have never experienced, and we’re sprinting there at a pace that is ten or more times what the Earth considers a typical speed.

That much climate change, that fast, does not mean good things for people – it means the loss of millions of lives, hundreds of millions displaced from their homes, crop failures, forest fires, new diseases, and the extinction of species we need. These are not idle speculations – we’ve already seen the beginnings of these things, and the expectations of impacts to come are based on sound science that points to serious near-future risks, as reported in numerous recent books, thousands of scientific articles, and summary reports by expert groups such as the Intergovernmental Panel on Climate Change, the American Association of Arts and Sciences, the United States National Academy of Sciences, and the UK’s Royal Society.

Climate-caused tipping points tend to sneak up on us, seemingly coming out of nowhere, and flip us into a new normal within just a few years. Those Yellowstone fires showed us that. They burned not only Yellowstone, but a vast swathe of land that included parts of the Rocky Mountain states of Wyoming, Idaho and Montana. What had been happening with climate change in that part of the world up to then was not noticed by most people. We’re all used to yearly fluctuations – some cold years, some hot years, some wet years, some dry years – and if you look at temperature graphs from around 1970 into the early twenty-first century for the northern Rocky Mountains, where Yellowstone is located, such fluctuations are exactly what you see. But when you look more closely at those graphs, you see that around 1985 something unusual happened. Prior to that time, the highest average summer temperature never rose as high as 15°C (59°F). Beginning in 1985, it was as if a switch had been flipped: though the year-to-year fluctuations continued, no longer were mean summer temperatures of 15°C uncommon. In fact, those 1988 fires were preceded by three years of abnormally hot summers, each of them averaging 15°C or more. And ever since, the average summer has usually been a degree or more hotter than pre-1985 summers. Likewise, after 1985, more years saw the snow melt off early in the spring. The combination of hotter summers and earlier snow melt equates to drier forests as the summer progresses, which means that fires, caused either by lightning strikes or by careless people, are easier to start, and once they get going they burn hotter, and are harder to put out.

Increasing average temperatures beginning in 1985 were the lead-up to 1988, but nobody really noticed until everything exploded into flames, which happened once the forests had dried out to the point that their moisture content was about that of kiln-dried lumber. It was just like that boiling teapot – it doesn’t look as if much is happening until it actually starts to boil, although of course the water is getting hotter and hotter all along. The difference between the forests and the teapot is that the forests never did the boiling-water equivalent of cooling down. That is to say, once that new fire-frequency state was triggered in 1988, that’s the way it has stayed. Climate itself had crossed a threshold, as hotter summers became the new norm. As a result, ever since 1988, the frequency of Western wildfires and total acreage burned per year has remained about double, on average, what was normal prior to that year. In the early days it was all too easy to attribute that to fire suppression and the build-up of fuels that resulted from the land-management policies of the twentieth century. But once the studies were done, it became clear that the overall increase was more attributable to the other thing people had done: changing the climate.

After that, wildfires went, well, wild, and not only in wild places. In 2012 we happened to be driving south on Interstate 25, through a part of Colorado where we had lived in our younger days, when we saw plumes of smoke erupting from the forests just outside the idyllic town of Colorado Springs, nestled at the foot of Pikes Peak. Even from miles off in broad daylight, the orange flames were clearly visible. Within a few days that fire, dubbed the Waldo Canyon Fire, would grow to cover an area of more than twenty-four square miles, cause the evacuation of more than thirty thousand people from the town and surrounding suburbs, and would burn down 350 houses and kill two people. It was just one of many wildfires that broke out in Colorado that particularly dry year – at least fourteen of them major. Despite the many years we’d lived in Colorado – Tony grew up just south of Colorado Springs – we’d never seen a fire season there like 2012 was stacking up to be. The statistics bore out our subjective assessment; as Colorado Governor John Hickenlooper pointed out, the Waldo Canyon Fire alone was bigger than any there had ever been in the state before.

By 2012 the entire American West was noticing a similar increase in the number of fires, as were many other places in the world. In 2013, Australia declared a state of emergency in New South Wales when the Blue Mountains near Sydney went up in flames, destroying hundreds of homes, during an intense bushfire season that continued into 2014. While the highest levels of the Australian government claimed the fires were nothing out of the ordinary, the scientific evidence said otherwise: climate change in Australia has been producing more hot days per year and drying out the vegetation more, which has the net effect of increasing the length of the bushfire season and increasing the risk and intensity of fire even in what had always been fire-prone areas. Russia too was hard hit by wildfires in 2010 and 2012, again the result of record high summer temperatures that dried out forests and set up the ignition conditions for hundreds of individual fires that in 2010 blanketed Moscow in smoke, killed at least fifty people, and drove more than three thousand from their homes. The 2012 wildfires in Siberia burned for most of the summer, producing a blanket of smoke visible from space. In Portugal, wildfires raged in August 2010 and 2013. Ten years earlier, when Portugal parched during what was up until that time the hottest year on record globally, wildfires there killed eighteen people while torching an area about the size of Luxembourg. In Valparaíso, Chile, a 2014 wildfire thought to be the worst in the city’s history killed fifteen people, caused the evacuation of thousands, left eleven thousand people homeless, and permanently changed the nature of the historic coastal city. Indeed, fires in South America have escalated to approximately five thousand per day, the sum of which results in smoke pollution across millions of square kilometres.

As we write this, in 2014, fires are sweeping across much of the boreal forest in the Northwest Territories of Canada, with smoke and ash going so high into the stratosphere that it is carried long distances, influencing air quality in the United States as well as the global climate, with ash detected as far away as Portugal. These boreal forest fires are unprecedented in their scope, exceeding the extent of burns known over the past ten thousand years. In our part of the world, the American West, the average fire season by 2014 was seventy-five days longer than it was in 1975, and our home state, California, is experiencing its worst drought in history. By late summer 2014 we had seen at least a thousand more fires than the average for the previous five years, and had already lost twenty-five thousand more acres than what the past average says should be normal. Flames had driven families from more than a thousand homes, and the costs of the damage had already surpassed $97 million. Particularly telling was that the first fire began on 1 January 2014, signalling that our state has crossed yet another threshold: no longer is there a ‘fire season’ and an off-season. Fires have become a year-round phenomenon. Wildfires, once recognised as local phenomena mostly controlled by precipitation, are a new global ‘normal’ mostly controlled by temperature.

Here’s an interesting perspective. Some of us have lived through this state-shift in fire frequency, and we notice how much worse things have become. But if you were born after 1988 you’d assume that these bad fire years are normal. And you’d be right, because now they are. But the new normal that we suddenly tipped into around 1988 is not here to stay. Wildfire frequency and intensity are heading towards yet another precipice. We’re already apt, in fact, to view the increases in wildfires we’re now experiencing as the good old days. Models indicate that continued warming and increasing frequency of hot, dry weather in places like the American West, Australia, Russia, the Mediterranean, southern South America and other fire-prone areas is likely to heighten the probability of large fires and the damage they cause over the coming decades. Just what that means is illustrated by detailed studies that focus on the American West: in the Yellowstone and Colorado examples we mentioned above, by 2050 the area burned each August would be quadruple what we consider normal today. With the intensity, frequency and extent of the new ‘fire-season’ normal, the whole character of the forests will change forever – the scorched earth will be growing different kinds of plants than those we’re used to today.

*   *   *

It’s not just wildfires that climate change sends over tipping points. Gradually changing winter conditions have wreaked a different sort of havoc in the United States and Canada, in the same forests that are burning up in the summers. Those forests are predominantly conifers like pine, which have, throughout their history, provided a home for a beetle called, not surprisingly, the pine bark beetle. Prior to about 1990, winter temperatures in the Rockies were cold enough to kill a large number of the beetles each year, keeping their populations sufficiently low for both trees and beetles to stay happy – the beetles persisted, but not in numbers high enough to kill their host trees. As average winter temperatures gradually rose through the second half of the twentieth century, not much changed for the trees and the beetles until, finally, a critical threshold was crossed: that last fraction of a degree of temperature rise that meant that instead of most beetle larvae dying from the cold, most lived on to reproduce.

All of a sudden, instead of one small generation of beetles hatching out each year, there were two large generations. And that’s when both the trees and people began to notice. The trees died, seemingly overnight. What used to be tens of millions of acres of mature green forest when we were growing up and when our kids were born, are now dead sticks reaching for the sky, from New Mexico all the way up the Rocky Mountain chain through Canada into Alaska. That’s why, as you drive through that part of the world, in places you’ll find that 60 to 80 per cent of the trees are dead. All that death happened in the course of a decade. It is crashing real-estate values in some areas, troubling the timber industry in others, and has turned large swathes of the Rocky Mountain landscape into an eyesore for the foreseeable future. The forests will never be the same, and it will be hundreds of years, at least, before the signs of such widespread death are healed by Mother Nature.

Yet another kind of climate-induced tipping point comes in the form of devastating floods and severe storms, which the world is already beginning to experience more often as a result of the overall warming of the atmosphere and the oceans that we have caused over the past several decades. We’re talking about the kind of floods that covered a fifth of Pakistan in 2010, displacing twenty million people and killing two thousand. Or that caused waterfalls to pour into the New York subway system in 2012. Soon, people will find themselves considering such weather catastrophes as nothing out of the ordinary. Among the many problems that arise from heating up the planet, even a little, is that warmer oceans and a warmer atmosphere cause faster evaporation of water from oceans and land surfaces, which loads more water into the air. And since what goes up must come down, all that extra water in the atmosphere causes rainstorms that are more intense than usual to occur increasingly often. It’s that sort of underlying physics that causes climate models to predict that by the end of this century, the one-in-twenty-year annual maximum daily precipitation amount is likely to become a one-in-five- to one-in-fifteen-year event in many places. Similarly, hurricanes are expected to get stronger.

What all this means is that what we now regard as ‘unusual’ extreme weather events – like the droughts that lead to wildfires, those terrible Pakistan floods, or the flooding of New York’s subway – will no longer be unusual at all. If all this seems pretty far off in the future, well, it’s not. In the United States, weather catastrophes (defined as those that cost more than $1 billion) have been on the increase since 1980, at the rate of about 5 per cent per year. Forty-four such calamities occurred in the years 2008 to 2012, twice as many as in any ten-year period of the late twentieth century. Twenty-five of them occurred in just the two years 2011 and 2012. The trend continued in 2013, which added seven more billion-dollar-plus extreme weather events.

It’s pretty much the same story worldwide. The worst floods in centuries hit Europe and parts of Asia in 2013. In London the Thames Barrier, designed to keep floodwaters out of the city, has been closed much more frequently in recent years, particularly during the deluges of 2013 and 2014, than at any time since it was completed in 1982. Dangerous heatwaves that sometimes kill tens of thousands at a shot have become more frequent over the past decade in places as far apart as the United States, Europe, India and Australia. The Mediterranean and West Africa appear to be seeing more frequent severe droughts. While climate scientists are wary of saying that any single one of these extreme weather events is a direct result of human-caused climate change, put them all together and the pattern is just what the climate models predict should be happening – and will continue to happen, more and more.

Looked at from the perspective of tipping points, increases in the number of extreme weather events mean major metropolitan areas are moving into a new normal for how much damage they can expect from bad storms. And a new normal for how much money they have to spend to protect their residents from the worst effects of more frequent extreme weather, be it floods, winds or heat. Such infrastructure adaptation doesn’t come cheap, even in cases when it can be done fast enough.

For coastal cities, besides the increase in the intensity of storms that a warmer climate brings, there is also the problem of rising sea level. How that works is easy to envisage: as the climate has been warming, the world’s glaciers have been melting. All that water ends up in the oceans, which, when combined with the expansion of water that takes place as it warms, causes the sea level to rise. Already this has caused the oceans to come up about a fifth of a metre (a little over half a foot) since 1900. All well and good, if the sea walls that keep storm surges at bay are high enough. The problem is, increasingly they are not. The coastal infrastructure in place today was built to withstand storm surges of a sea at pre-1950 levels. As the sea level rises, those storm surges climb ever closer to the top of the sea walls. That gradual rise has little effect until that last fraction of an inch that finally makes it possible for waves to crash over the top of the barrier. That’s why water surged into the New York subway tunnels, a tipping point of the most noticeable kind. And it explains to a large extent why half of Europe was impacted by flooding in 2013, the result of intense storms acting in concert with the relatively small sea-level rise that has already taken place, and coastal development.

Such problems are destined to become the new normal for most coastal cities: by 2050, the best-case scenario is that sea level will have risen another six inches. Without improving infrastructure in time, that means not only flooding from storm surges in such cities as Shanghai, London, Miami, New York, New Orleans, Mumbai, Cairo, Amsterdam and Tokyo, but parts of those cities actually being under water.

This best-case scenario assumes that the world’s glaciers will continue to melt gradually and slowly, and that greenhouse-gas emissions will increase more slowly in the coming few years than they have over the past couple of decades. A worse scenario, which assumes we will continue business as usual on greenhouse-gas emissions, but still counts on a gradual glacier melt, predicts that the sea level will rise over a foot (forty centimetres) by 2050. At that point, without improving coastal infrastructure, more than a hundred million people would be flooded out of their homes annually, and many of those would be forced to move permanently to higher ground. That, incidentally, is already happening: since 2009, thousands of Pacific Islanders have been forced to relocate as the Carteret Islands they called home have been swallowed by the rising seas. They are among the world’s first climate refugees.

Looking at even worse scenarios, the assumption that sea-level rise will continue to proceed slowly and gradually is very possibly wrong. The wild cards are two mega-glaciers, the Greenland and the West Antarctic Ice Sheets, which right now lock up an awful lot of water. Melting the Greenland Ice Sheet alone would raise the sea level by four to six metres (about thirteen to twenty feet). Add thirteen feet to today’s sea level and all of Shanghai would be under water, as would southern Florida and most other coastal cities. We know that a large rise in sea level happened about 125,000 years ago from melting ice – especially Greenland ice – so we know it can happen again.

We also know that big glaciers probably do not melt at a constant, gradual rate. Just like ice cubes in your drink, as long as they are big, they seem to melt slowly, but once they shrink to a certain size, they disappear pretty fast. Such sudden partial collapse is exactly what seems to have happened to the Greenland Ice Sheet when the sea level rose 125,000 years ago, and also when the seas rose four hundred thousand years ago. Melting the West Antarctic Ice Sheet would raise the sea level by ten to sixteen feet (three to five metres), and in fact its collapse is already under way. Luckily, the best estimates at this point are that total collapse will take two to five centuries, buying us adequate time to adapt; but, before you rest too easy on that point, bear in mind that a 2013 report by the US National Research Council, entitled Abrupt Impacts of Climate Change: Anticipating Surprises (National Academies Press, Washington DC), highlighted as a big unknown whether or not that collapse could be sooner.

More certain is another ice-related tipping point: the opening of a whole new ocean in the Arctic. The area and thickness of ice covering the Arctic Ocean in late summer has seen a dramatic reduction in the past couple of decades, at a much faster pace than scientists ever would have predicted twenty years ago. As a result, countries are now jockeying for position to take advantage of new shipping lanes that will soon open up, hoping to rule the northern seas. China, India, Italy, Japan, Singapore and South Korea have already petitioned for, and been granted, observer status in what used to be the more exclusive Arctic Council, made up of the nations that actually have an Arctic coastline: Canada, Denmark, Finland, Iceland, Norway, Russia, Sweden and the United States. One of the reasons these other nations suddenly have an interest in the Arctic is because the opening of that ocean will mean the much quicker shipping of goods from one side of the world to the other. No longer will ships have to take the long southern route either through the Panama Canal or around the bottom of South America; it will be a quick shot through the Bering Strait.

The other reason goes back to what we discussed in the last chapter, our thirst for raw materials to produce the stuff we want: there are vast resources to be tapped in the Arctic. Ironically, fairly large reserves of coal, oil and gas, the drivers of the whole climate problem, will become economically feasible to extract as more ice disappears forever. Likewise, the rush will be on to mine nickel, copper, titanium, chromite, iron, manganese, gold, silver, platinum, molybdenum, aluminium, mercury, tin, phosphates, and even diamonds. Most of these resources are locked up not in the presently frozen shores of the more stable countries of the Arctic Council, but in Russia. It’s not hard to see how a new world order could rapidly evolve once an Arctic land grab becomes possible with easier shipping access, which is likely to happen sooner rather than later. Even assuming that late-summer ice melt continues to increase at just its present pace – that is, no collapse as the sea ice thins more and more each year, which would accelerate things – the Arctic Ocean would be navigable in late summer by 2020, just six years from when we’re writing this.

All this ice melting and water rising goes hand in hand with two invisible phenomena that lead to other kinds of ocean-based tipping points. It’s not just the atmosphere that is getting warmer, it’s the oceans too. Ocean temperatures have increased about a tenth of a degree Celsius (about two-tenths of a degree Fahrenheit) over the last century. It sounds like such a small amount, but the issue is that the ocean has long been a very stable temperature environment for the organisms that live there. As a result, even tiny changes can have big impacts, which we’re already seeing. Coral reefs, which you can think of as the rainforests of the sea because so many species depend on them, are clearly feeling the heat. As with the land, an average increase in ocean temperature does not mean that the temperature increases by the same amount everywhere. Ocean temperatures in tropical and subtropical regions, where corals tend to live, have heated up much more than the world’s average. In the so-called Coral Triangle, extending from the north coast of Australia up through Indonesia and the Philippines, which includes about a third of the world’s coral reefs, ocean temperatures have been rising a tenth of a degree Celsius per decade, not per century. And it’s not the average temperature that corals get concerned about; it’s the extremes, as indicated by what happened in the Indian Ocean in 1998. Ocean temperature highs temporarily rose by only 0.5 to 1°C (0.8 to 1.9°F) above normal, but as a result, 80 per cent of all the corals in a region the size of the United States were bleached a deadly white, then 20 per cent of them died for good. The impacts hit Australia’s world-famous Great Barrier Reef hard: the 1998 event, followed by another in 2002, ended up bleaching more than half of the reef system.

Now, throw ocean acidification, another result of climate change, on top of those temperature impacts. Recall that the ultimate cause of climate change is our emission of greenhouse gases, especially carbon dioxide, into the atmosphere. Carbon dioxide in the atmosphere seeps into the ocean where the water meets the air, and sets up a chemical reaction that has the ultimate effect of increasing the amount of carbonic acid in the water; that is, the ocean is getting more and more acid. We’re already seeing that rise in acidity, and year by year it’s getting worse. As far as corals and other marine creatures are concerned, this is bad news, because their metabolisms cannot cope with the levels of acidity the oceans are heading towards. Both experimental data and modelling indicate that combined warming and rising acidity are on track to kill most coral reefs on Earth by 2070, and many other species as well. Just the amount of ocean acidification that has already taken place has caused oyster and scallop farms in the Pacific Northwest region of North America to shut down, costing jobs in what were formerly burgeoning seafood enterprises. That is a disturbing harbinger of more widespread losses later this century, as shown by attempts to rear a variety of ocean creatures in tanks that mimic the ocean temperatures and chemistry that seem likely by the time our children’s children are adults. Clams, snails, sea urchins, even fish – a broad swathe of marine life dies in those simulated oceans of the future.

If you don’t spend a lot of time around the sea, all this may seem pretty esoteric to you, until you begin to realise that what we’re talking about is not just the loss of lots of species you may never see, but a major hit to the world’s capacity to produce food and jobs. In just a single country, Australia, the fishing and tourist industry dependent on the Great Barrier Reef contributes about £3.7 billion to the economy each year. If coral reefs disappear worldwide, it would cost the global economy around £20 billion annually, and result in the extinction of a quarter of all ocean life, which would eliminate about 10 per cent of the world’s fisheries. That, in turn, would cause lots of people to go hungry, especially in poor, unstable countries: coral reefs provide more than half of the vital minerals and protein for more than four hundred million people who live in the poorest countries of Africa and South Asia. In the Coral Triangle alone, a hundred million people depend on the resources that coral reefs and associated coastal ecosystems yield.

*   *   *

Speaking of food – climate change will cause problems on land too. As we’ll see in the next chapter, what we need in the coming years is more food, yet what are high-yield areas for major food crops like corn, wheat and rice today will no longer be so. Corn yields, for example, fall dramatically as the number of hot days in a growing season increases, especially in drought years, a climatic impact we are already seeing. In the hot, dry year of 2012, Midwestern United States farmers saw their yield reduced by up to 40 to 60 per cent. That sort of bad year will become more and more frequent given current trends of climate change. Studies by the world’s leading food-security experts indicate that within fifty years, the average corn yield in the United States, now a major exporter of corn, will fall by 15 to 30 per cent. At the same time, rice-growing regions worldwide will suffer from rising sea levels and extreme weather, reducing yields by as much as 10 to 15 per cent, increasing prices by 32 to 37 per cent. All of this, mind you, at the same time as at least two billion more hungry mouths to feed will be added to the world.

These sorts of impacts – fires, floods, rising seas, new oceans, food security – have caused people you would normally expect to be climate sceptics to sit up and take notice: including big business and the military. Leading the charge on the business end is the insurance industry, a major economic player, especially in developed countries. In the United States, the insurance industry generates about $413 billion per year (as of 2012), accounting for about 2.5 per cent of GDP, providing 2.6 million jobs and investing $5.8 trillion in financial markets. Insurance companies’ business, of course, is evaluating risk, so maybe it’s no surprise that they take the risks of climate change very seriously, especially given the huge payouts they’ve had to make for all the weather-related disasters in recent years – like the compensation to insured parties for the unusually high number (thirty-two) of billion-dollar-plus fires, floods, hurricanes and so on that hit over the years 2011 to 2013. For just the Waldo Canyon Fire in Colorado, which we mentioned earlier, insurance companies ended up paying out around half a billion dollars for lost homes and property.

It’s those kinds of losses that prompt such reports as one by Charles E. Boyle that appeared recently in the Insurance Journal (2 July 2014, ‘UN, IIS, Willis Urge “Convergence of Communities” to Face Climate Change’, http://www.insurancejournal.com/news/international/2014/07/02/333500.htm): ‘While the re/insurance industry is justifiably concerned about excess and alternative capital, the digital revolution, cyber liability, reputational risks, increasing regulations and a host of others, the elephant in the room remains climate change. As global temperatures warm, well-known risks – floods, droughts, fires, windstorms, political disruption – are increasing and becoming more violent. Virtually no one in the re/insurance industry now questions the perils the changing climate poses.’

As a result, insurance companies are taking action to protect their bottom line. After the spate of Colorado wildfires they suddenly became much more cautious about writing fire policies, to the extent that many people have had their policies cancelled. The risks are now just too great for companies to gamble on your home in the woods not going up in smoke. And in parts of Florida, where rising sea levels are making floods more and more common, it’s impossible to get flood insurance, which of course puts a damper on real-estate development. In the Chicago area, an insurance company took a previously unthinkable step, suing municipalities to avoid paying out for flood damage that occurred during a particularly severe deluge in April 2013. Its argument was that the municipal governments knew of the risks posed by climate change, and should have beefed up their infrastructure to handle increased storm drainage. The company subsequently dropped the suit, but the statement it issued in explanation was in fact a warning: ‘We believe our lawsuit brought important issues to the attention of the respective cities and counties, and that our policyholders’ interests will be protected by the local governments going forward’ (as reported by Robert McCoppin, ‘Insurance Company Drops Suits Over Chicago-Area Flooding’, Chicago Tribune, 3 June 2014, http://www.chicagotribune.com/news/local/breaking/chi-chicago-flooding-insurance-lawsuit-20140603,0,6767298.story). The not-so-hidden message: if governments don’t take climate change seriously and protect their constituents, don’t expect a bailout from insurance companies.

Like the insurance industry, military leaders are also all too familiar with risk, and take a very pragmatic view in assessing it. That’s why, to the climate naysayers who cite the uncertainty inherent in predicting the future to argue against taking climate change seriously, former US Army Chief of Staff Gordon Sullivan had this to say in a 2007 report: ‘People are saying they want to be convinced, perfectly. They want to know the climate science projections with 100 per cent certainty. Well, we know a great deal, and even with that, there is still uncertainty. But the trend line is very clear. We never have 100 per cent certainty. We never have it. If you wait until you have 100 per cent certainty, something bad is going to happen on the battlefield. That’s something we know’ (The CNA Corporation, 2007, National Security and the Threat of Climate Change, p.10).

Sullivan is one of the high-level former military leaders who make up the Military Advisory Board of the CNA Corporation, a non-profit group that has long advised military, federal, state and local agencies on how to handle global-scale problems. The others on the board include General Paul Kern (ret.), former Commanding General of the Army Materiel Command; Brigadier General Gerald E. Galloway, Jr (ret.), former Dean of the United States Military Academy and Industrial College of the Armed Forces, National Defense University; Vice Admiral Lee Gunn (ret.), former Inspector General of the Department of the Navy; Admiral Frank ‘Skip’ Bowman (ret.), former Director of the Naval Nuclear Propulsion Program and former Chief of Naval Personnel; General James Conway (ret.), former Commandant of the Marine Corps; Lieutenant General Ken Eickmann, USAF (ret.), former Commander, USAF Aeronautical Systems Center; Lieutenant General Larry Farrell, USAF (ret.), former Deputy Chief of Staff for Plans and Programs, Headquarters, USAF; General Don Hoffman, USAF (ret.), former Commander, USAF Materiel Command; General Ron Keys, USAF (ret.), former Commander, USAF Air Combat Command; Rear Admiral Neil Morisetti, British Royal Navy (ret.), former UK Foreign Secretary’s Special Representative for Climate Change, former Commandant, UK Joint Services Command and Staff College; Vice Admiral Ann Rondeau, USN (ret.), former President, National Defense University, former Deputy Commander, US Transportation Command; Lieutenant General Keith Stalder, USMC (ret.), former Commanding General, US Marine Corps Forces, Pacific; Rear Admiral David W. Titley, USN (ret.), former Oceanographer of the Navy; General Charles ‘Chuck’ Wald, USAF (ret.), former Deputy Commander, US European Command; Lieutenant General Richard Zilmer, USMC (ret.), former Deputy Commandant for Manpower and Reserve Affairs, former Commanding General of Multi-National Force-West in Al Anbar Province, Iraq.

That’s a long list of names and titles, but it’s worth browsing through them to convince yourself of an important point: there is no doubting the military expertise, acumen, intelligence and practicality of this group of people. So it’s hard not to take the conclusions they’ve issued in two recent reports seriously (the 2007 report mentioned above, and the 2014 update, CNA Military Advisory Board, 2014, National Security and the Accelerating Risks of Climate Change, The CNA Corporation). And their basic conclusion is this, from the 2014 report: ‘We remain steadfast in our concern over the connection between climate change and national security.’

In describing the capacity of climate change to trigger national-security problems, the CNA coined the phrase ‘threat multiplier’. The phrase expresses in two words what the rest of their two reports detail: that the combination of climate change, population growth and shifting resource availabilities and shortages result in a much bigger world problem than we’d anticipate from any single one of those impacts. The other two words that are apropos in that context are ‘tipping point’, as in tipping the world into a new normal for the number and intensity of military conflicts we might expect at any one time – that is, more wars. We’ll explore how that all comes together in Chapter 9, but for now, suffice to say that the kinds of climate change we are currently experiencing seem destined to add lots of fuel to the fires of conflict.

Dire predictions indeed, giving rise to the all-important question: can we actually do anything to avoid increasing climate disasters? The answer is both simple and complex. The simple answer is that we know exactly how to avoid the biggest problems, and that is to convert our energy system from the present one, which is almost totally dependent on greenhouse-gas-belching fossil fuels, to one which is essentially greenhouse-gas neutral. In fact the technology to do that already largely exists, and what’s more could be scaled up appropriately in about three decades if the needed economic incentives were put in place.

Our energy system actually consists of two largely distinct parts: the stationary system, which includes the power plants that generate electricity and allow us to heat and cool our homes, cook our food, and so on; and the transportation system, which powers our cars, trucks, planes and ships. Recent studies indicate that conversion of the present coal- and natural-gas-powered stationary system to a combination of solar, wind, wave, geothermal and hydro, with perhaps a touch of next-generation nuclear and newly developed carbon-capture systems thrown in, could, from a technological perspective, quite feasibly be achieved as early as 2030. Likewise, replacing the transportation sector with a combination of vehicles powered by electricity and by environmentally friendly biofuels, notably those produced from algae, is within our grasp.

What stands in the way, of course, is the popular and political resistance to changing our ways, and the lobbying efforts of industries that stand to lose a lot of money by a big energy changeover. And that is where the solution gets complicated. Part of the answer involves the development of the right economic incentives – things like carbon taxes, tax breaks for carbon-neutral industries that promote their rapid scaling up, and so on. It involves recognising that spending up-front, much as in the way we pay our insurance premiums, will be necessary to guard against the even higher costs we’ll incur if we do nothing to guard against the future impacts of ongoing climate change.

All of that requires an acknowledgement by the general populace that the climate problem is real, and must be addressed, especially in developed countries. Such an acknowledgement is beginning to happen, but it is still an uphill battle. The other very important part of the solution is international cooperation, and cooperation across the political aisle, both of which have also proven difficult, to say the least. Nevertheless, equally big global problems have been successfully resolved in the past, some of which we list in Chapter 10. So doing what is needed to address the climate problem is not out of the question. What it will take is reducing greenhouse-gas emissions by around 5.2 per cent per year – 6 per cent per year in the G20 developed nations – each year from now until 2060. That is the best we can hope for, and that would probably keep the total rise of global temperature to around two degrees Celsius (3.6°F).

Even that best-case scenario, though, is hotter than Homo sapiens has ever seen, so it’s hard to see how humans will not be facing many of the climate-triggered problems we’ve mentioned in this chapter. If we continue business as usual, which would warm the globe by as much as six degrees Celsius (over 11°F) by the end of the century – well, we really don’t want to go there. Earth hasn’t been that hot in sixty million years, and getting there in the next eighty-five years would pretty much guarantee all manner of disasters, with hundreds of millions of people fleeing from drowned cities and hot, poor equatorial areas, and fights to control the areas that climate change made more favourable, like countries in more poleward latitudes.

Given the pace at which the world is addressing climate change, that six-degree-hotter world is looking more and more like the one we’re heading for. Two degrees or six degrees, though, combined with what we’ve seen in the last two chapters, the drumroll is beginning. Ehrlich’s Hell could get really hot. Two or three billion more people on the planet. Increasing consumption. Climate change. Put those threats together, and the real problems start: problems that make the new normal for fire frequency we experienced in 1988 look downright insignificant by comparison. So let’s move on to the next chapters and start thinking about how those three threats multiply into a tipping point that would impact even life’s basics: food and water.
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HUNGER

Liz, Tony, Emma and Clara, South Africa, August 2001

Lions had come through the camp last night. Their tracks were fresh. We noticed the big pawprints in the soft sand as soon as we threw open the flaps of our tent, the cold Kalahari air fresh on our faces, the dawn just breaking. Emma and Clara’s tent was still zipped up tight, and we were very, very glad they had heeded our safari guides’ remonstrations never, ever to leave it open at night, for any reason. As soon as they heard us, though, they came tumbling out, excited to see the lion tracks for themselves.

Just a few days before, we’d arrived in Africa for the very first time. As we stepped off the plane and crossed the tarmac, an orange winter sun was hanging low in the sky, sharpening our shadows and our feelings of romance and adventure. What had brought us there was a scientific meeting, but what really captivated our interest was the chance to see the last remnants of ecosystems that still had a more or less full complement of big mammals – elephants, rhinos, lions, cheetahs and more than a dozen different kinds of antelope. Everywhere else in the world, extinction, largely at the hands of humans, had wiped out nearly half the big-bodied mammals that were present when people first ran across them. So we’d arranged to join up with several colleagues on a mobile safari through part of the Kalahari Desert, hoping to learn a lot more about how those big animals survived. What we hadn’t reckoned on was that we’d also end up learning a lot more about what the people who lived in southern Africa had to deal with day to day.

The week in the Kalahari was everything we’d hoped it would be, complete with a rare sighting of a caracal, a desert lynx, brought to everyone’s attention by then nine-year-old Emma (it turned out she had the sharpest eyes of anyone, including our guides), and long bouts of simply basking in the sun watching the elephants, giraffes, kudu, gemsbok and other megafauna we had come to see just living their lives. In the evening we’d start with the almost obligatory gin-and-tonic sundowner, then move on to a tasty dinner with ample meat and vegetables spiced in traditional African style. After dark it would get chilly, and we’d huddle around the campfire, trading stories of the day under the Southern Cross.

It was all very idyllic, so returning to civilisation was a bit of a shock. As we left the Kalahari heading towards Sun City, the South African equivalent of Las Vegas, where our meeting was to be held, the two-rut roads that cut through wild country gradually gave way to graded gravel lanes, along which a few poor villages were scattered. Our convoy of Land Rovers, each packed to the gills with people, tents and assorted camping gear, was clipping along at a pretty good pace. We were bringing up the rear, trying to stay out of the thick clouds of dust being kicked up by the vehicles ahead, and watching out for the windshield-cracking chunks of forty-mile-per-hour gravel that are a fact of life on those roads. Despite the several car-lengths that separated us from the next Land Rover in line, fine dust was still seeping through every crack in our rattling four-wheel drive, coating everything inside, including our nostrils, with an ever-thickening layer of grit. Whenever one of us blew our nose it was road-brown sludge that came out. Still, it was easy to get a little hypnotised by the engine’s roar and the rhythmic bouncing over the washboard surface, while absent-mindedly watching the scrubby vegetation for glimpses of birds and other wildlife that was exotic to us. It all made for some very heavy eyelids.

Our reverie was suddenly broken as a springbok darted out from the olive-green bushes blurring by on our right. Thump! Our driver slammed on the brakes a little too late, locking up the wheels and bringing us to a swerving, sliding halt, our own powdery dustcloud catching up to us and obscuring everything for a few seconds. There was no real damage to the Land Rover – the wrap-around tubular steel bumper was built for just such eventualities. The springbok, though, was very dead. Without much hesitation our African guides slung the limp body up on the roof and tied it down good and tight. A few hours later, when we stopped for the night, they skinned, gutted and butchered it, and we feasted on fresh springbok roasted over an open fire.

That was lesson number one: in these parts, food was not to be wasted. We didn’t think about the implications too much at the time; it was all part of the adventure. It took lesson number two to really catch our attention.

The next day, the dirt turned to tarmac, and the roadside towns got bigger. We hit one of them just about lunchtime, and, anxious to keep going but giving in to the demands of our growling stomachs, we pulled in to a fast-food joint, a local version of Kentucky Fried Chicken. It was a far cry from the leisurely, peaceful lunch stops we’d taken in the desert. After some good-natured jibes among ourselves about how low we had sunk, and the weighty decisions about dark meat or light, mashed potatoes or coleslaw, Coke or iced tea, we went inside and gave our order.

As we were waiting for our food, we glanced outside and noticed a crowd of people milling about in tattered clothes, some with a hungry look in their eyes, but we weren’t paying a lot of attention. We were too focused on sorting out who got which box of chicken as our orders started rolling out. It was hot and stuffy inside the restaurant, and over the past week we’d got into the habit of eating out under the sky, so once everybody was satisfied that they had what they’d ordered, we went outside and sat at the picnic tables. That’s when we began to notice that the eyes of many of those people were focused not on us, but on what we were eating.

There was a fence around the picnic tables, a bit like chest-high prison bars painted tan, but it was not much of a barrier. As we ate, the onlookers grew in number, and some called out to us in a language we didn’t understand. There were kids Emma and Clara’s age, some younger, some older, and there were also weatherbeaten adults, all of them in some version of faded T-shirts and raggedy shorts decorated by dust patches the colour of the barren ground around that place. Some of them stood on the bottom fence-rail and leaned over, others kneeled down and reached through the bars with their matchstick arms, beseeching us for … what? In their eyes was hope, and in their body language a mix of desperation and resignation.

In our naïveté, we offered them a few coins, but they weren’t all that interested. What they really wanted became all too gut-wrenchingly apparent when they grabbed greedily at our cast-off chicken bones.

*   *   *

That is the world of hunger, and that world is already here for around 850 million people. The good news is that, by some accounting procedures, the proportion of hungry people on the planet has gone down over the past twenty-five years (other accounting procedures suggest that hunger is on the increase, but we’ll stick with the most optimistic interpretation here). In large parts of Asia and many Pacific islands, for instance, the number of undernourished people is estimated to have fallen by about 30 per cent since 1990, and in Latin America and the Caribbean by about 25 per cent.

The bad news is, one out of every eight people in the world still can’t count on their next meal, and hunger has markedly increased in one of the world’s growing trouble spots, Africa. At last count 239 million Africans, or one out of every four, were as hungry as those who were begging for our chicken bones, a 25 per cent increase since 1990. Also troubling is that the number of hungry people in developed nations has recently been increasing: in 2013 the count was sixteen million, up three million since 2004. That’s going in exactly the wrong direction.

Given such statistics, you can’t help asking the question: if we can’t even feed everybody now, how in the world are we going to be able to feed the two or three billion more people destined to be on the planet by 2050? Especially seeing it’s in the poorest places on Earth that most of those two or three billion are going to be added, and it’s exactly those places that are suffering most right now.

That question is not all that different, of course, from the ones that came up in the early 1960s, when the world began to worry about the looming hunger crisis in India and Asia. Back then, it was a virtual certainty that if food production didn’t increase dramatically, and fast, billions were destined to starve to death within a couple of decades. The response to that crisis was the remarkably fast revamping of agricultural practices, spearheaded by Norman Borlaug and his associates, that became known as the Green Revolution. Indeed, it was the Green Revolution that averted the descent into the hellish world that Paul and Anne Ehrlich had forecast in The Population Bomb. Problem solved.

Not quite, if we are to believe the chief architect of the Green Revolution. And there is every reason that we should. Norman Borlaug was clearly a sharp and caring man, with lots of foresight. His hard work and innovations, pioneering spirit and genuine concern for humanity are credited with saving literally billions of lives, and for that he was awarded the Nobel Peace Prize in 1970, as well as the United States Congressional Gold Medal in 2006. We tend to remember him as the person who saved more lives than anyone in history, and to regard the Green Revolution as an exemplar of the near-invincibility of our species. What we tend to forget, though, is something that Borlaug knew all too well, and that he told us over and over, even in his Nobel Prize acceptance speech:

The green revolution has won a temporary success in man’s war against hunger and deprivation; it has given man a breathing space. If fully implemented, the revolution can provide sufficient food for sustenance during the next three decades. But the frightening power of human reproduction must also be curbed; otherwise the success of the green revolution will be ephemeral only [emphasis added]. [Quote from http://www.nobelprize.org/nobel_prizes/peace/laureates/1970/borlaug-lecture.html.]

Alan Weisman pointed out the same thing in his recent book Countdown (Little, Brown & Co., 2013), and really hammered home the point that here we stand a few decades down the road, and what we face is exactly what Borlaug predicted. We did curb the ‘frightening power of human reproduction’ a little, through lowering birth rates in China, India and many developed countries, just enough to buy us four and a half decades of breathing space, rather than Borlaug’s worst-case scenario of three. But today we’re pretty much right back where Borlaug started, with a couple of very important differences that make our task even harder than his was.

Borlaug’s problem was how to ramp up food production from feeding three billion people to feeding six billion. The problem we face today is magnified, because we’re starting at seven billion people and heading towards ten billion. Furthermore, Borlaug didn’t have to second-guess what the weather was going to be thirty years down the road – that is, he didn’t have to worry about growing crops under a whole new climate. While carbon dioxide was silently building up in the atmosphere during the Green Revolution, it was only after 1980 that it reached the threshold necessary to trigger the rapid ramp-up in temperature and extreme-weather catastrophes that we are currently experiencing, and that will continue into the foreseeable future.

This makes the juggling act of how to produce the food we’re going to need even more complex than it was at the beginning of the Green Revolution. Yet there is no doubt that we need to accomplish something every bit as dramatic – by 2050, credible projections suggest we are going to have to be producing around 70 per cent more food than we are today. As a result, the food security wonks are now talking about the Green Revolution 2.0, which in the jargon typical of scientific papers is abbreviated as GR 2.0.

A chief challenge for GR 2.0 is going to be Africa, given that most countries on that continent are already hotspots of hunger and poverty, and that by 2050 there will be twice as many people there, as we saw in Chapter 2. Africa’s food problems today partly stem from the fact that the first Green Revolution never really arrived there. If you look at how much agricultural productivity of cereal crops increased on a nation-by-nation basis, for instance, over the period 1960 to 2010, you see yields increasing nearly threefold in the United States, western Europe, Brazil and India, but hardly at all in Africa. In a twisted sort of way, you could view that as a bright spot for the future, because it means that there are still huge gains to be made in food production in the very place where the hunger and population-growth problems are most dire. Right now Africa’s agricultural productivity is only about 25 per cent of what it could be.

Complicating things, though, Africa is still plagued by many of the same issues that prevented the Green Revolution from happening there in the first place: relatively little infrastructure for agricultural research and extension programmes, few roads, little storage capacity, poverty that prevents small-plot farmers from buying expensive new seed stocks, lack of seed-distribution outlets, and a multitude of nations and tribes that make it difficult to put appropriate subsidies and price structures in place. On top of that, the chief crops on which the Green Revolution focused – maize (corn), wheat and rice – were not those that Africans were used to eating. Instead, African farming produced, and still produces, a multitude of so-called ‘orphan crops’, like sweet potato, cassava and millet, which are highly nutritious, but have not attracted much research that would improve their yields, because they are not big on the world market. Nor were the crop strains originally developed in the Green Revolution particularly resistant to the droughts that have been a given in Africa’s past climate, and which are likely to intensify in the future. Modifications to Africa’s landscapes by humans, and limited irrigation supply, also mean that much of the country is already facing desertification, a difficult tipping point to reverse.

All of these problems are now widely recognised in the agricultural community, and there are some signs of hope, as Prabhu L. Pingali of the Bill and Melinda Gates Foundation reported in the Proceedings of the United States National Academy of Sciences in 2012. During the first Green Revolution, the demand for intensification of agriculture in Africa was low, because land was relatively abundant. That situation has changed now, with the ratio of arable land versus people becoming more similar to what it was in Asia during the 1960s. Rather than relying on strains of maize, wheat and rice developed for Asian climates, new strains developed specifically for the rigours of Africa began to emerge in the 1980s, were in the ground in Malawi and Zimbabwe by 2000, and are now being grown in thirteen African countries. Some attention to increasing productivity of the orphan crops also began in the 1980s, with improvements in varieties of sorghum, millet and cassava. Such programmes have increased Africa’s food production over the past couple of decades, but the present pace of improvement is not nearly enough. Already falling far short of feeding its people, Africa’s food production is growing only half as fast as its population.

And now, throw in climate change. Africa is already prone to drought, and because of that, farming in many areas there has always been a risky business. That is all too well illustrated by stories such as what happened in the Sahel, the area south of the Sahara Desert, where farming and cattle-grazing seemed to work OK until a series of drought years hit, beginning in the last part of the twentieth century, at which point tens of millions of people starved and the landscape changed, seemingly permanently, into a barren desert. The prediction of such august research bodies as the Intergovernmental Panel on Climate Change (IPCC) and the World Bank is basically that those sorts of situations are only going to increase in Africa. An IPCC report that came out in 2007 projected that reductions in yields in some African countries could be as much as 50 per cent by 2020. A 2013 World Bank study warned that by 2030, ‘droughts and heat will leave 40 per cent of the land now growing maize unable to support that crop, while rising temperatures could cause major loss of savanna grasslands, threatening pastoral livelihoods. By the 2050s, depending on the sub-region, the proportion of the population undernourished is projected to increase by 25 to 90 per cent compared to the present (www.worldbank.org/en/news/press-release/2013/06/19/warmer-world-will-keep-millions-of-people-trapped-in-poverty-says-new-report).’

You don’t have to look too hard to see how population growth, marginal food supply and drought, multiplied together, have already made a mess in parts of Africa. One of the most lawless places on the planet today is Somalia, located right next to Ethiopia, on the eastern horn of the continent.

Somalia roughly doubled its population from the 1970s to the 1990s. At the same time, the political situation was growing more and more fragile. The assassination of the president in 1969 put Major General Mohamed Siad Barre in power. He promptly got rid of the national assembly and political parties, suspended the constitution and established a revolutionary council that could rule by decree – that is, do pretty much anything it wanted. Incursions into disputed lands in Ethiopia sparked tribal conflicts and fluctuating international allegiances, first with the Soviet Union and then, when the Soviets sided with Ethiopia, with the United States and Saudi Arabia. As the population continued to grow, warring factions within Somalia clashed more and more. In 1991 Barre was ousted, and with two rival factions each recognising different leaders for the country, the result was full-on civil war. One effect of the conflict was to reduce agricultural output in what were already marginal lands from a climatic perspective.

And then the drought years hit. In 1987 and 1989 the rains failed in more than 50 per cent of the country, and in 1992, 90 per cent of the country dried out. What had been a bad situation for the fragile government in terms of feeding its population became impossible. A million and a half people were faced with imminent starvation when what few crops were growing withered, and masses of people headed for refugee camps in Ethiopia and Kenya. The international community responded by sending in food, but much of it was grabbed by the warlords and never made it to those who needed it most. At that point the United States military was sent in to help keep peace and distribute food, but that ultimately ended up in the October 1993 Black Hawk Down incident, which cost the lives of eighteen American soldiers and more than five hundred Somalis. That was bad, but more than two hundred thousand Somalis also died from starvation.

Ten years later, not much had changed, except that an additional four million people swelled the population even more, and the al-Qaeda-aligned terrorist group al-Shabaab was now in charge of large territories. Another drought hit over the years 2010–2012; rival groups continued to fight for power; and nearly 260,000 people starved to death. There were outcries that the international community could have done more sooner, but al-Shabaab prevented Western aid agencies from operating in regions it controlled, denying that there was any famine there at all. And anyway, nobody wanted another Black Hawk Down.

Somalia is admittedly an extreme case, given that its government had been so unstable for so many years before the droughts began to hit. But it’s easy to find other examples of how the nexus between population growth, food and climate results in social upheaval. In the words of climate scientists James W.C. White and Richard Alley, writing in 2014 in a blog about what kinds of abrupt changes climate change can trigger:

Consider also the Arab Spring, beginning in 2010, which toppled governments and sparked protests and rebellions across the Mideast and North Africa. Many social stresses contributed, but a spike in food prices was rather clearly involved in triggering unrest. This run-up in food prices in turn had many causes, but one contributor was the drought and heatwave of 2010 in the Russian wheat regions. And that in turn was made worse and/or more likely by human-caused global warming. It is far, far too glib to draw a straight line from slowly rising CO2 to rapidly crumbling governments, but slow changes including those in climate did push the region across a threshold that triggered rapid, uncertain, and potentially costly changes. [Quote from http://consensusforaction.stanford.edu/blog/what-to-expect-when-youre.html.]

What White and Alley did not mention was that Egypt and other countries in the region had also seen their populations increase by around a third in the two decades leading up to the uprising.

While Africa presents one of the scariest hunger scenarios, it illustrates the general problem that the whole world is facing: how can we feed at least two billion, very likely closer to three billion, more people when we can’t even seem to adequately feed everyone on Earth presently? There are some obvious brick walls we run up against if the idea is simply to keep on doing things as we have up to now. The first of those is that we’re already using about 38 per cent of Earth’s land to grow our food, not counting ice-covered Greenland and Antarctica; counting all of the land, ice-covered or not, it’s 33 per cent. Doing a little simple division, acres of land devoted to farms and pasturelands, divided by the seven billion people (plus or minus) now on Earth, comes out to about 1.7 acres of agricultural land presently needed to support each person. If we can’t do any better than that in the future, that means that, with the 9.5 billion people forecast for 2050, we’d need to grow food on 50 per cent of presently ice-free land. Clearly that’s a non-starter, because not all land is created equal, and we’re already using all the best agricultural land, except for the maybe 5 per cent of the planet that holds the last remaining rainforests – which we wouldn’t want to cut down for a variety of reasons, not least because doing so would guarantee the extinction of many, many species, as well as making the climate-change problem considerably worse, since such forests capture a lot of the carbon dioxide we dump into the atmosphere. And converting all the world’s remaining rainforests to agriculture would account for only 5 per cent of the additional 12 per cent we’d need anyway. The remaining land that’s available to try to raise food is in places like deserts, steep mountains, tundra – you really can’t get the level of productivity needed in such places to make the effort worthwhile.

Luckily, in theory anyway, it seems possible to squeeze much more food out of the land presently under production by being much more efficient in how we farm – that is, by closing the so-called ‘yield gap’, which is the difference between what a given acre of land under cultivation could produce, versus what it is actually producing today. Much of the land under cultivation today in Africa, for example, could probably produce up to 75 per cent more food if it was switched to higher-yield crops with modern methods of fertilisation and irrigation. Closing such yield gaps worldwide for the world’s top sixteen crops, by some estimates, would increase food production by 50 to 60 per cent, without taking over any more land for agriculture.

Actually accomplishing that would require increasing the infrastructure for agriculture in many poor parts of the world, switching from traditional crops to high-yield ones, developing appropriate crop strains and providing seed, and in many cases consolidating small farms into large, mainly monoculture operations. Fertilisation and irrigation are important parts of closing the yield gap, and both can introduce problems themselves. Over-fertilisation, which is more the rule than the exception, produces excess nitrogen runoff and pollutes waterways, which can lead to huge dead zones in the oceans. Irrigation of course requires water, which is becoming in such short supply in many regions that it promises to be the source of yet another tipping point, as we’ll cover in the next chapter. So the studies that highlight the gains to be made by closing the yield gap also emphasise that doing so without environmental damage will require more careful, technologically advanced methods of applying fertiliser and water, and probably governmental controls and monitoring to ensure compliance with environmental standards.

Transforming the agricultural system in such a major way within three decades, especially in poor countries without adequate existing infrastructure and strong governments, will be no small feat; yet the fact that it actually occurred during the first Green Revolution suggests it is not out of the question. So perhaps the more pertinent question is: how are we actually doing so far? To succeed in doubling crop production by 2050, which is roughly what we need to do, would require increasing production by about 2.4 per cent per year. But since 1989 we’ve only been increasing production of our four main crops – maize, rice, wheat and soybeans – by less than half that amount (1.6, 1.0, 0.9 and 1.3 per cent respectively).

A second way to help make the food equation balance in the near future would be to eat less meat. That solution, however, is also bucking the trend of what’s actually happening. Instead of eating less meat, the world is eating more each year. Globally, meat production has increased sixfold since 1950, because on average, per capita meat consumption has been going up and up, driven largely by the changing tastes of people who become more affluent. It turns out that if people can afford it, they tend to want meat in their diet. In China alone, the rise of more and more people into the middle class has spurred a growth in meat consumption from 3.8 kg per person in 1961 to about 55 kg per person in 2013. Producing this much meat actually subtracts from the overall amount of food that could be available to feed people, because much of the grain that could go directly into people’s mouths is diverted towards feeding livestock. From a food-production perspective, it’s much more efficient to harvest calories directly from plants than it is to feed those calories to livestock, then eat the livestock. That, of course, is because the livestock use up a good portion of the calories that the grain originally produced, which means the calories we then get from eating the livestock are essentially the leftovers. The dramatic increase in meat consumption over the decades translates to devoting about a quarter of all croplands to feeding our livestock, rather than directly feeding ourselves. If you count pastureland plus cropland, the proportion of agricultural land we use to feed our livestock goes up to 75 per cent. It’s for that reason that cutting back on meat consumption would be a tremendous help to solving the food problem: if everybody were suddenly to become vegetarian, the amount of calories we produced that went into people’s stomachs would increase by 50 per cent. An added benefit, as far as feedbacks that lead to climate-change tipping points goes, is that there would be fewer cows, goats and sheep producing methane gas, by farting, as they digest their food. Livestock farts are in fact a potent source of greenhouse gases, because methane is considerably more effective at trapping heat than is CO2. Approximately 34 per cent of methane emissions are from agricultural animals and their waste.

Also bucking the trend of what’s needed to feed the world is the amount of food that is wasted. In developed countries, we throw away about 40 per cent of the food we buy. In developing countries, people tend to eat pretty much everything on their plates, but the waste comes in earlier in the production process. A third to a half of the food that is grown never makes it to consumers, because it spoils or is otherwise ruined in the journey from farm to processing to storage to delivery. Obviously, overcoming this distribution problem requires coming up with more efficient ways to move food from where it’s grown to where people are hungry.

So, although in theory we could handle the looming food crisis by a combination of implementing a Green Revolution 2.0 in Africa and other places where production is still low, eating less meat and wasting less food, in practice, all those things would take changing some ingrained human behaviour in fairly radical ways. And so far, it just doesn’t seem to be happening at the pace it needs to in order to solve the problem.

And that leaves out the whole question of what climate change will do to the world food supply. The crops we presently rely on to feed most of the world – maize, wheat and rice – all have their optimum growing conditions, and the current strains we use most have been bred to grow best in the climatic conditions that characterised the second half of the twentieth century. But, as we saw in the previous chapter, we are virtually certain to see a world that is 2°C warmer in the next few decades, and we could see heating-up of 5°C or more within the century. That means there will be more summer days that are hot and effectively dry in our crop-growing regions. How would our current crop strains fare under such conditions?

Not very well, it turns out, according to an international group of researchers headed by A.J. Challinor from the University of Leeds. They analysed data from 1,700 published simulations that look at expected production of maize, wheat and rice in a warming world. Their results were published in the journal Nature Climate Change in 2014, and received quite a bit of press, for good reason. As you might expect, some regions look as if they will be winners, and some will be losers, but overall, without significant efforts to adapt farming to the changing climate, productivity falls in both tropical and temperate regions for all three crops. At 2°C (3.6°F) of warming, maize production in temperate regions decreases by about 2 per cent, and in tropical regions by about 7 per cent; at 5°C, the losses are close to 10 per cent in both regions. Wheat has even greater problems: at 2°C, a 5 per cent reduction in both temperate and tropical places; at 5°C, the losses are 10 per cent and 40 per cent respectively. Rice seems to hold pretty steady up to 2°C warming, but any higher than that and yields reduce, dropping in both temperate (10 per cent) and tropical (5 per cent) regions by the time we hit 5°C of warming.

The same researchers also estimated the likely best we could hope for in the event that farmers adapted as fast as they could to the new climatic conditions. Under that scenario, and taking all crops into account, using adaptation strategies like adjusting the planting date, the amount and kind of fertiliser, irrigation, and using the optimum cultivar or crop strain, we may be lucky and see a slight increase in overall yield, somewhere between 7 and 15 per cent above the yields that would probably result from sticking with the way we’re doing things now. Even so, with respect to yields we’re presently getting, that would only gain us at most 5 per cent more maize and 10 per cent more wheat in temperate regions. That would be offset by up to 20 per cent losses in maize and wheat in tropical regions. So that’s not even close to the 70 to 100 per cent increase overall that we would need to feed the world.

Another study, published in the same journal a month later by two Stanford University researchers, Frances Moore and David Lobell, zeroed in on Europe to anticipate what crop productivity might look like there in 2040 given 2°C of warming, a temperature rise to which our present trajectory is destined to take us by then. The news is not good. Yields of wheat are likely to drop more than 30 per cent, barley more than 20 per cent, and maize 10 per cent, without rapid adaptation of farming techniques and cultivars to climate change. With appropriate adaptation, the yield-loss would not be quite as much, but still close to 30 per cent for wheat, 15 per cent for barley, and just over 1 per cent for maize. Even those best-case adaptation scenarios are troubling when what really has to happen by 2040 to keep up with rising world population is a marked increase in food production, rather than a slight decrease.

The same general story holds for our major crops worldwide, which just don’t seem to perform as well when the days get hot. Once temperatures exceed 30°C (86°F), for example, yields of both maize and wheat begin to decrease noticeably. For each day above 30°C, the final yield of maize falls by 1 per cent if the rains are optimal, and by 1.7 per cent if the heat is accompanied by drought. The worries here aren’t far off in the future, as a recent study with the provocative title of ‘Getting Caught with Our Plants Down: The Risks of Global Crop Yield Slowdown from Climate Trends in the Next Two Decades’ highlighted (published in Environmental Research Letters 9, 2014). That work, by Lobell and his colleague Claudia Tebaldi from the US National Center for Atmospheric Research, pointed out that because of global warming, our chances of seeing a 10 per cent loss in yields of maize within the next twenty years have increased from one in two hundred to one in ten, and for a similar loss in wheat yield the chances are one in twenty. The chances of climate trends actually being large enough to halve yield trends over just a ten-year period are one in four for maize, and one in six for wheat. Lobell and Tebaldi point out that while a one in ten or one in twenty chance still sounds low, it is a real concern that the likelihood of these events coming to pass is now twenty times higher than it was before human-caused climate change kicked in. Given that millions of lives would be at stake, here’s a good way to evaluate those odds: if the plane you were about to get on had a one in ten or one in twenty chance of crashing, would you still take the trip?

Most of the studies mentioned above deal primarily with increases in average temperature or precipitation, which affects crops of course, but which are not the only controls on how well they do. As any farmer knows, even more devastating can be unusual spells of heat or drought. As we saw in the previous chapter, it is exactly those sorts of events that global warming is likely to make more common, with potentially devastating effects. Imagine if the 2003 heatwave in Europe, which reduced wheat production up to 36 per cent in some countries, and resulted in agricultural losses to the tune of €13 billion, happened two or three years out of ten, instead of one. Or if the 2010 heatwave that crippled Russian wheat production and helped set off the Arab Spring uprising usually happened a few times per decade.

In that context it is worrying indeed that more and more studies are indicating that shocks to European wheat yields are going to become more normal within thirty years. One such study, published in Nature Climate Change in 2014, was by a group of researchers headed by Miroslav Trnka of the Czech Academy of Sciences. They were curious to see whether wheat-damaging weather was going to reduce yields more often if we keep on with business as usual for greenhouse-gas emissions. They looked at eleven weather conditions that affect wheat production adversely, and used climate models to estimate the probable increase in how often such conditions would occur in fourteen representative wheat-growing regions of Europe, ranging from Finland in the north, to Hungary in the east, to the United Kingdom in the west, to southern Spain and Italy in the south. The models showed that by the decades 2050–2070, the risk of the wheat crop in all areas getting hammered in any given year by at least one adverse weather event was likely to increase 30 per cent. In five of the regions (Sweden, Britain, Germany, Austria and Spain), the risk was likely to double. Adding to this alarm is that the nutritive quality of most of the crops that feed the world will decrease significantly under warmer conditions, adding even more burden to our food-production needs.

Put all this together, as the international relief group Oxfam has, and the world food crisis begins to look not only like a hunger problem, but also like a huge economic problem and a social uprising problem: ‘New research commissioned for this [2011] report paints a grim picture of what a future of worsening climate change and increasing resource scarcity holds for hunger. It predicts international price rises of key staples in the region of 120 to 180 per cent by 2030. This will prove disastrous for food importing poor countries, and raises the prospect of a wholesale reversal in human development.’ (Quote from Growing a Better Future, Food Justice in a Resource-Constrained World, Oxfam, 2011, http://www.oxfamamerica.org/static/media/files/Growing-a-better-future.pdf.)

All of this drives home the challenges we face with actually implementing a Green Revolution 2.0 that is, relatively speaking, as successful as the Green Revolution that Norman Borlaug spearheaded. We do have one potential arrow in our quiver that Borlaug did not, and that is the ability to genetically modify organisms, including crops. How genetically modified organisms (GMOs) will play into future food production is still a big unknown, but so far it does not look as if they will save us in time, if indeed they could save us at all. Some of the most reasoned discussions of this highly controversial topic come from noted food security researcher Jonathan Foley, who after a long stint as Director of the University of Minnesota’s Institute of the Environment now heads the California Academy of Sciences in San Francisco. The upshot of his research is that while GMOs may indeed hold some potential for increasing food production, so far they have not. The reason is that ‘GMO crops primarily in use today are feed corn (mostly for animal feed and ethanol), soybeans (mostly for animal feed), cotton and canola. But these aren’t crops that feed the world’s poor, or provide better nutrition to all. GMO efforts may have started off with good intentions to improve food security, but they ended up in crops that were better at improving profits … the technology … has so far been applied to the wrong parts of the food system to truly make a dent in global food security.’ (Quote from ‘GMOs, Silver Bullets and the Trap of Reductionist Thinking’, Ensia, 25 February 2014, http://ensia.com/voices/gmos-silver-bullets-and-the-trap-of-reductionist-thinking/.)

Foley goes on to point out that in the United States, a hotspot of their use, GMOs have not markedly increased yields of maize or soybeans, primarily because of the way the crops have been modified: not for higher yield, but for pest resistance. The downside of this is that more and more pesticides are dumped on the crops, which works in the short run, but then the pests evolve to withstand the higher concentrations, which means more pesticides are applied, which becomes a losing battle – a never-ending race between genetic modification of the crops and evolution of the pests, with the net result that not much changes over the long run. On the other hand, GMOs have helped boost yields of canola in Canada, cotton in India, papayas in Hawaii, and show promise for combating adverse effects of citrus greening disease in United States orange orchards. But what still isn’t happening with GMOs on a large scale is modifications that actually improve the basics of plant growth, like photosynthesis, or that help maintain yields in the face of the stresses that will be imposed by climate change.

Even if such modifications became the focus of stepped-up research, it’s still not an overnight process to bring a GMO from the laboratory to your table. Just like the timetable for producing a new crop strain from traditional cross-breeding techniques, it takes at least a decade to go from that initial successful hybrid, through the several generations of plants needed to refine and build the seed stock, to marketing and distribution, and in the case of GMOs, through the enormous regulatory hurdles that still exist and that are not likely to go away any time soon. In fact, the tried and true methods of producing new crop strains that Borlaug used still seem to be as fast as, or faster than, developing a new GMO and bringing it on line. Which is worrying, given the decade or so turnaround time that is required, and the fact that we will need to have those new, higher-yielding crops growing in efficient, high-yield fields throughout the world in less than thirty years. And in the meantime, the wild relatives of crops still living in their native eco systems are being eradicated, forever erasing the evolutionary advantages they might have had for more variable and harsher environmental conditions.

Perhaps by this time the basic message you are getting about the looming food crisis is pretty much the same one you got in previous chapters about population growth, overconsumption and climate change: that is, that there is a very real problem here. Another insight that should be emerging is that these are not problems that arise independently of each other; rather, each one multiplies the next. The third common thread running through this and the previous two chapters is that the problems are – in theory anyway – fixable, if we got busy today and started doing things in a different way. In the case of food, the clear, most efficient ways out are to minimise population growth; put the brakes on climate change; ramp up Green Revolution 2.0 through a focused scientific effort and international cooperation that includes governments, industry and philanthropic organisations; consume less meat; and waste less of the food we produce. If we did all those things, we’d probably come out OK. But we’re not doing any of them to the full extent we need to.

And even if we do, there is another huge, related problem that we haven’t yet mentioned, and that we’re going to have to tackle. Water. After siphoning off all the water we need to produce our food and energy, there’s going to be less and less to drink. In fact, our wells and rivers are already beginning to run dry.
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THIRST

Liz, Tony, Emma and Clara, Escalante region, Utah, July 2008

Sitting around the campfire, life was good. We’d just watched the kind of nightfall you can only experience in the desert. The heat-shimmering sky had faded from blazing blue to cool violet; at the same time, the full moon began to peek above the red sandstone wall of the canyon. Gently, slowly, it rose higher, glowing silver and shining brighter as the sky continued to fade and a billion stars blinked on.

We were on our almost-annual pilgrimage to the desert canyon country. That’s where we like to take a break, to regroup after spending too much time doing those everyday things that seem never to get done and to escape the worries of the world for a little while. Early that morning we’d filled a couple of water bottles each and set off to do one of our favourite things, exploring little-known side canyons just to see what we would see. We’d learned early on that taking enough water with us is paramount in that country – the gulches are dry, and the heat can be intense, parching you before you know it. Our border collie, smiling and panting, sniffed from shady spot to shady spot as we all walked up the dry riverbed, enjoying the silence, the absence of humanity, the smell of sagebrush and the occasional glimpse of a lizard skittering across a hot rock.

By late morning we spotted a good place for lunch – a rock shelter a little way up the canyon wall, with a flat floor and a big overhang that kept the sun out most of the day. We knew it would be nice and cool in there, and we also knew, from past experience, that it was just the kind of place where Native Americans might have hung out a thousand years ago. Emma and Clara had heard often enough how, before they were born, we’d spent years exploring such places, sometimes in our past jobs as archaeologists or palaeontologists, sometimes guiding students on back-country trips, and sometimes, as we were doing that day, for the pure fun of it. They also knew, from their own previous trips into the canyon country, that the cliffs below some of those promising rock shelters had shallow handholds and footholds notched into the rocks, carved by ancient cliff-dwellers who probably climbed up and down those steep slopes a lot easier than we did. And on past trips we’d all seen mud-mortared native flagstone walls well camouflaged in rock shelters that were so precariously nestled in cliff faces that the only way to get to them seemed to be with ropes and climbing gear.

We didn’t need ropes and climbing gear that day, but when we scrambled up to our lunch spot we saw a familiar sight: the holes and piles of dirt that signalled that looters had already been there, as is the case for so many archaeological sites in the American West. As such archaeological vandals are wont to do, they had illegally dug up the sandy floor of the shallow cave, presumably in the hope of finding ancient baskets, arrowheads or other artefacts, but destroying the information that would have revealed important details of how the ancient inhabitants had lived and died. What the vandals left behind, though, was something they thought was just too common in those kinds of sites to be of any value: little corncobs, ancient maize, about the size of your finger.

It’s amazing how common those corncobs are, not only where we were in Utah, but in many places throughout the so-called Four Corners region where Utah, Colorado, New Mexico and Arizona come together. These are deserts today, where you would no more think of putting in a cornfield than you would think of growing bananas; yet there are the corncobs, sure evidence that the cornfields used to be there. On other sojourns into the canyon country we’ve found corn storage bins, with the cobs still in them, usually hidden high up on the canyon walls, built from the same rocks that form the cliffs, and chinked with mud that still has the handprints of the ancient builders. At many of those sites, as at that rock shelter where we were eating our lunch, there are matates, bowl-sized depressions in the bedrock where the corn was ground into flour by hand-held manos, oval-shaped rocks curved on one side to comfortably fit your two hands side by side, with the other side worn smooth and flattened by being rubbed across the rough sandstone grinding surface of the matates.

There are also entire cities constructed in the cliffs, places like Mesa Verde in Colorado, with elaborate dwellings built into the canyon walls and large numbers of contemporary archaeological sites on the surrounding mesa tops, including large villages that must have been home to thousands of people. Delicate designs inscribed in the mud-plastered walls show that these people had time to pursue leisure and art. Elsewhere in the Four Corners region are contemporaneous roads that traverse hundreds of miles of deserts and canyons, further testament to the engineering and societal sophistication of those long-gone people.

These were the Ancestral Puebloans (or as they are sometimes known, the Anasazi), precursors of the Pueblo Native Americans who still live in the Four Corners area. From what they left behind, it is clear that the Ancestral Puebloans were farmers, their culture and survival depending on the corn they grew to support the tens of thousands of people who lived in what is now mostly a barren, though beautiful, landscape. Over the years, from the kinds of remains that we often run across on our desert back-country hikes, archaeologists have put together a fairly detailed picture of the Ancestral Puebloans’ ancient culture. Their society flourished in the Four Corners for more than two thousand years. They first seem to show up around 1500 BC, and by AD 1200 their cornfields and homes dotted many mesas. But around that time they began building and moving into cliff dwellings – which are much more easily defended than mesa-top villages, and offer much more protection from the weather. And then, by AD 1300, they were gone, abandoning their castle-like cliff dwellings, baskets, stone tools, manos, matates, corn cribs and corncobs, which were subsequently mummified and preserved for the ages by the dry desert air. The entire sophisticated society essentially vanished from the Four Corners within the space of fifty years, maybe less.

Around the campfire that night, we speculated on what that exodus must have been like. It was quick, that’s for sure, and they travelled light. When places like Mesa Verde were first discovered, there were baskets and other household goods just sitting there, as if the families had simply walked away one day, leaving everything they couldn’t carry where it lay. We knew from human remains we’d seen in museums that things got tough for those people over just a few decades in the mid-1200s: skulls broken by stone axes, signs of cannibalism, broken limb bones. And that fitted with a move from the mesas into the cliffs – once you begin climbing up to those ancient cliff houses and food caches, as we’d done, you realise that you’d be an easy target for anybody who was sitting up above you with defence on their mind. We were trying to wrap our heads around why a farming society that had thrived for over a millennium would, in the space of just a single human lifetime, move down off the mesas into cliff-perched garrisons, attack each other, and finally, poof, everybody just up and leaves. What in the world could account for that?

Actually, we’d seen exactly what could account for it on our hike that day. Those tiny corncobs we’d found meant that cornfields were nearby when the Ancestral Puebloans lived in the shelter where we avoided the burning midday sun. Corn takes water to grow, lots of it. And all that slick-rock country is now bone dry. These people had run out of water.

Just as is happening around the world today.

*   *   *

That water shortage probably played a key role in the collapse of the Ancestral Puebloans’ civilisation is based on a lot more evidence than our idle speculations around the campfire. The trees they used as crossbeams in their dwellings, as well as ancient wood from the broader region, tell a very detailed story about how water waxed and waned as their society fell apart. A tree chronicles its growth year-by-year by depositing annual, concentric rings around its trunk. In general, thicker rings indicate a good year for tree growth, which in the Four Corners region means more moisture; thinner rings indicate the bad, dry years. Dendrochronologists – scientists whose speciality is applying sophisticated statistical techniques to tease out the details of those tree-ring tales – have put together hundreds of tree-ring records that together tell the story of a twenty-one-year-long mega-drought that hit the region from AD 1276 to 1297.

The country the Ancestral Puebloans occupied, arid even in the best of times, has always been marginal for dryland farming, so the prolonged mega-drought was apparently enough to tip the corn-dependent society over the edge. Rivers, streams and springs began to dry up. Farms became smaller and moved to the ever-shrinking pockets where water was still available, and the characteristic features of villages changed in ways that made it easier to keep outsiders out. The environmental stress corresponded with upheavals in religious and cultural traditions as well, as indicated by the abandonment of architectural designs and artefacts interpreted by archaeologists as having religious underpinnings. Modelling studies of potential corn growth under the drier conditions suggest that the Four Corners still could have grown enough to maintain a much-reduced Ancestral Puebloan population, so perhaps the drought could have been weathered had not societal conflict also kicked in. It’s not hard to imagine what caused the societal conflict: the lack of water and consequent lack of food meant everybody was fighting over ever-shrinking but essential necessities for life.

After all, we’re seeing the same thing now, like the drought-induced food shortages that are causing problems in the Sudan region and Somalia, as we mentioned in earlier chapters. And as we are writing today, the tensions in the Gaza Strip, sieges in Iraq, and even Ebola quarantines in Africa are all tipped in favour of those who have access to food and water, and against those who don’t. You don’t have to travel to those kinds of places to get uneasy about today’s situation. In the south-western United States, for example, we’ve set up pretty much the same perfect storm for water problems that the Ancestral Puebloans experienced. People in places like Los Angeles (California), Phoenix and Tucson (Arizona) and Las Vegas (Nevada) live in the middle of deserts, so, just like the Ancestral Puebloans, they’ve always been on the edge in terms of having enough water to drink and grow crops. Also just like the Ancestral Puebloans, they’re beginning to see that the marginal water supply they always considered normal is drying up, as what may turn into a new, and very prolonged, mega-drought seems to be settling in.

The problems these cities face are much, much bigger than what the Ancestral Puebloans faced. First off, there are many more lives at stake – tens of millions rather than tens of thousands. An arguably even more critical difference in terms of sparking water crises is that the Ancestral Puebloans, unlike big desert cities today, were only counting on the water that fell from the sky locally. Our current big desert cities have never seen enough local precipitation to water their huge populations. Instead, the water they depend upon originates hundreds or even thousands of miles away, and is routed to them via dams and pipelines. Even that is not always enough, so some cities augment the piped-in water by pumping from underground aquifers that can take hundreds or thousands of years to refill once they’re drained. And draining they are.

Urban-dwellers aren’t the only ones who depend on that water. The same sources are supplying the farmers and ranchers who are growing all the food those city folk need. And of course, farmers and municipalities in different states and even different countries claim shares of the same rivers and watersheds. In California, more than half the rivers are over-allocated for agricultural demand, and some drainages have been assigned between two and eight times the available water. This means that California, with all the agriculture that it produces, is operating at a severe water deficit. Somehow this has all seemed to work through the years, but mostly because additional water has come from elsewhere, like above-ground reservoirs or lakes, which are now almost empty.

Now what’s catching up to people in the south-west country and beyond is rampant population growth combined with a critical accounting error that was locked in almost a century ago. The result of that error is that water allocations and urban development projections have always been based on what turns out to be an abnormally wet few years in the western United States. Here’s what happened. The water on which cities through much of the desert south-west depend comes from the Colorado River drainage, and much of that from the Colorado River itself. The Colorado takes its name from the state in which it originates, but it actually receives its water from or flows through seven different states before crossing the border into Mexico, where it finally dumps into the Gulf of California. In the years leading up to 1922, states were fighting over who got what portion of the water, and to make a very long story short, in order to avoid future disagreements the Colorado River Compact was drawn up. The compact divided the Colorado River drainage into two more or less equal halves, and assigned a specified amount of water to each, thus simplifying some of the water-rights issues of the time.

But nothing is ever as simple as it seems. The people drawing up the compact had to specify the overall amount of water that normally flowed through the entire drainage in order to decide how much water each district was entitled to. They made their estimates based on the best data of the time, which wasn’t much – but unbeknownst to them, the years leading up to 1922, over which they calculated the average yearly flow, were unusually wet. Therefore they promised each district about 10 per cent more water than was actually going to be available over the coming century, or than had probably been available on average prior to the wet years they happened to use as their standard. The outcome: urban planners thought they knew how much water they could count on in perpetuity, and they began to build their dams and cities accordingly.

A 10 per cent overestimate when it comes to water is quite a lot. As a result, after steady growth in the number of people drinking, washing, irrigating and flushing toilets, so much water was routinely taken from the Colorado drainage that the river was pretty much dried up by the time it hit the Mexican border. And then, in 1993, for the first time the amount of water that replenished the river from rain and snow was less than what was actually used. Reservoirs fell, then they rose a little from a few good years of increased moisture. Since 2003, however, use has consistently exceeded flow, and now giant bathtub rings that mark falling water levels in Lake Powell, Lake Mead and many other reservoirs seem more and more normal. Year by year the bathtub rings expand as the reservoirs drain. Now water levels are down to around half – even below half in some cases – of their normal levels, and are still falling. If those trends continue, Las Vegas will be out of water as early as 2020. In fact, by 2016 it will be crunch time, because that’s when the waterline of Lake Mead will be just fourteen feet from falling below the intake pipe for 90 per cent of Las Vegas’s water. It’s for that reason that an $817 million project is under way to construct a new, lower elevation outlet from Lake Mead, so that even with the all-but-inevitable fall in lake level, water will continue to flow to the casinos; for a while, anyway.

Opening those new outlets is not likely to help much in the longer run. Water demand in the Colorado drainage is projected to exceed supply from now until the year 2060, which is as far ahead as the models look. Part of that projection comes from expectations of even less precipitation due to climate change, but much of it is because there are now simply too many people living in the Colorado River drainage for the water resources to support – even if those resources were typical of a pre-global-warming world.

Now, throw a mega-drought on top of that. Mega-droughts are unusually long stretches of unusually hot, dry years. As we write this, California is experiencing its worst drought in the history of weather records – it’s been drying out for most of the twenty-first century – and most of the other western states have also been suffering abnormally dry conditions over the past thirteen years. Edward Cook, director of Columbia University’s Tree Ring Laboratory, told a packed audience of scientists at the 2013 American Geophysical Union Meeting in San Francisco, ‘There’s no indication it’ll be getting any better in the near term.’ Mega-droughts are, incidentally, natural phenomena; you don’t need human-triggered global warming to cause them, as the Ancestral Puebloans found out. But add in the impacts of today’s human-caused climate change, and you almost certainly increase the odds of a mega-drought occurring.

In times of drought, humanity relies more heavily on sources of water other than what flows down rivers and accumulates in reservoirs – the underground water stored in aquifers, commonly known as well water or groundwater. The wells we dig and drill yield water because certain kinds of rock formations act as giant sponges. A large portion of the water that falls from the sky, either as rain or snow, ends up percolating down through the soil and flowing underground through porous and fractured rocks, until it hits an impermeable layer and pools up. Luckily for us, those underground storage reservoirs are vast, and within drillable distance of the surface. Actually, we rely on underground water even when there is no drought. Among the many river-poor cities that depend on aquifers to supply a major part of their water are Orlando, home of Disney World in Florida; and San Antonio and Houston in Texas. All three of those make the top-ten list for United States cities most likely to suffer water shortages in the next few years, according to a report issued in 2010 by the non-profit investment group Ceres. Incidentally, the other four cities we mentioned above – Los Angeles, Tucson, Phoenix and Las Vegas – also make the top ten, as do Atlanta, Georgia; Fort Worth, Texas; and the San Francisco Bay area, California.

The feedbacks between surface-water shortages and using up aquifers too fast are pretty obvious – if there isn’t enough surface water, drill, baby, drill, and pump, baby, pump. But the problem is, aquifers take hundreds to thousands of years to fill up, and only tens of years to deplete. In 2014, the California aquifers began to be utilised even more intensively than usual, during a year when rain and snow were sparse and that turned out to be the hottest on record. By then, 60 per cent of the state’s needs were being met by groundwater, which meant that the aquifers were (and are) being sucked down like draining a water glass through a straw. So much water is being pumped out that the Central Valley is actually sinking – decreasing in elevation at the rate of one foot per year, as farmers rely more on underground water in a desperate attempt to save their crops when their surface irrigation runs dry. Wells that used to be drilled to a depth of five hundred feet are now not hitting water until a thousand feet down, and drilling companies are so backed up with farmers clamouring for their services, at a price of $50,000 to $500,000 per well, that the wait is a year or more.

The aquifer-depletion problem is by no means confined to California. In many parts of the world, wells are basically drying up, or already have. Pleasant as a vacation on a Greek island can be, once you get to it, the only drinking water available is often from bottles that arrive the same way you did: by boat or plane. The fresh-water aquifers have been virtually exhausted. In many parts of Spain, groundwater levels are now falling fast as irrigation increases, leading to situations such as are now well documented in the Campo de Dalías region in the south. Intensive pumping of groundwater for irrigating crops – otherwise unable to grow in this arid region – has lowered the water table to the extent that saline water from the adjoining sea is now seeping into the aquifer, rendering the groundwater unusable for drinking or growing crops. Israel is struggling to provide drinking and irrigation water, as both of its aquifers – shared with Palestine – are going dry. China is over-pumping the aquifers of three of its key agricultural basins at a rate that, if it continues, would reduce grain yields so much that 120 million fewer Chinese people could be fed. In the state of Tamil Nadu, southern India, with more than sixty-two million people, more than 95 per cent of small farmers’ wells have already dried up. The list goes on and on: places like Saudi Arabia, Iran, Yemen, Syria, Egypt, Jordan, Pakistan, Baluchistan, Morocco and Mexico are also seeing the impacts of depleted groundwater.

Simple monitoring of well-water levels, by measuring how much deeper you have to dip or drill year-by-year to get to the water, makes it all too clear that aquifers are drying up worldwide. The other way to gauge what’s going on underground, ironically, is by looking down from the sky, using information gathered by a satellite. The satellites that are used for this purpose are part of a NASA mission called GRACE, the acronym for Gravity Recovery and Climate Experiment. Basically, GRACE provides detailed measures of Earth’s gravitational field, pretty much everywhere. The density of materials that make up Earth’s crust exerts a large influence on the gravitational field, and water has a very different density from rock. By using that information, it becomes possible to watch underground aquifers ebb, flow and drain.

Which is what scientists who have been monitoring and analysing the GRACE data have been doing. What they have found is a bit startling, even to them. The overview is that groundwater aquifers have been depleted all over the world over the last decade, but we’ll stick with the Colorado River Basin to give you a sense of the magnitude of the problem. From 2004 to 2013, the surface-water depletion – evidenced by those drying-up reservoirs we mentioned above – was paltry by comparison to what was depleted underground. Overall (surface plus aquifer), the water depletion over that time period was fifty-three million acre-feet, which is a tremendous amount: an acre-foot is the volume of water that would cover an acre of land one foot deep, or about what eight people in the US would use in a year. In all, the lost water amounted to about two Lake Meads (at twenty-eight million acre-feet, the largest surface-water reservoir in the United States) – about equal to submerging the entire United Kingdom under a foot of water. But here is what most startled the scientists: 77 per cent of the loss was from the aquifer, not from the reservoirs.

The Colorado River Basin is not an anomaly. For example, in seven years beginning with 2003, Turkey, Syria, Iraq and Iran, in the Tigris and Euphrates River drainage, saw their water reserves decline by a volume equivalent to the entire Dead Sea. Other major aquifers that are draining fast include those under the North China Plain, Australia’s Canning Basin, north-western India, the Great Plains of the US, and parts of Brazil and Argentina, to name just a few. Similarly to our drilling into the fossil storage for oil, we are draining our fossil reserves of water. Many of these aquifers are filled with palaeowater that was initially charged during the last glacial period thousands of years ago.

Globally, aquifers are being drawn down so fast because, with so many of us in the world, we just need an awful lot of water. While people in some places may feel they have more water than they want, because of rainy days, floods or hurricanes, people elsewhere are continually parched. So, viewed worldwide, there is simply not enough fresh water falling out of the sky any more to slake the global thirst. It would be OK if it were only drinking water we needed, but what we need for drinking and other personal use is just a metaphorical drop in the bucket in the grander scheme – less than 10 per cent of all the water used. It’s the other things we need water for that create the big problem. Here is where population growth, food, energy, climate change and demand for consumer goods intersect to drive the water crisis. The way these issues interact makes the point all too clearly that what accelerates our journey towards a global tipping point is not any single issue, but how they feed on one another to multiply the likelihood and magnitude of global crises.

For instance, we saw in the previous chapter that growing enough food using the methods that have prevailed for the past three decades is looking problematic. And that’s without even considering the food–water nexus, which is important because agriculture is the thirstiest beast on the planet: globally it consumes a whopping 70 per cent of the fresh water we use. No wonder the ground is sinking beneath our feet as we pump all that water out of aquifers to make up for what’s not falling from the sky. The problem here is not subtle: at some point, once those aquifers run dry, or get so depleted that it’s too expensive to drill deep enough to tap them, the amount of food we can grow globally is going to cap out. And we will face shortages.

Exactly when that will happen is not yet possible to predict, because scientists don’t have a decent handle on exactly how much water is held in all the world’s major aquifers. But the kind of losses we’ve seen in just the past decade are troubling – the draw-downs observed in the Colorado River Basin, the Tigris-Euphrates drainage and others we mentioned earlier are clearly not sustainable for many decades. Some indication of when problems are likely to hit in major food-growing regions comes from a study of the High Plains Aquifer, which irrigates the prodigious agricultural output of the midwestern United States. Its conclusion: if no changes occur in the pumping rates, agricultural productivity in the region will peak in the 2020s, then rapidly decline, simply because the aquifer is running dry. The study, titled ‘Tapping Unsustainable Groundwater Stores for Agricultural Production in the High Plains Aquifer of Kansas’, was by a group of researchers led by David R. Steward at Kansas State University and published in the Proceedings of the National Academy of Sciences in 2013. It looked at a number of different scenarios for groundwater use in Kansas. Perhaps the most realistic scenario assumes that pumping rates, which are already decreasing as the water table falls lower and lower each year, will decrease by about 20 per cent over the next few decades. In that case, agricultural productivity peaks in 2040. Decreasing pumping by 40 per cent would buy a little more time, with productivity peaking in the 2070s. The bottom line here is that there is a hard limit to agricultural productivity, dictated by the amount of water presently stored in our aquifer water banks, that we will probably run up against by mid-century. That is bad news indeed for a world in which agricultural productivity has to continually increase over the next three decades to feed the additional billions of people that will inevitably occupy the planet by mid-century. Steward and his colleagues go on to point out that refilling those aquifers is not something that happens overnight: in the case of the High Plains Aquifer, replenishment would take in the order of five hundred to 1,300 years, and even then only if there is enough water coming down from the skies.

As water becomes scarcer in agricultural regions because of drought, drawing down of aquifers, or both, it sets up a conflict most of us don’t think about too much – with the energy sector. Energy production too is a vast user of water, second only to agriculture in its needs. And the scarcer water gets for agriculture, the more energy is needed to move that water from one place to another. For example, 90 per cent of the electricity used on farms is to pump water for irrigation, and on a larger scale, pumping water from northern California to the crop-growing Central Valley in southern California is the state’s single largest energy consumer.

Producing all that energy takes enormous quantities of water, most of it for cooling the power-plant machinery that generates the electricity that runs the pumps. In regions where hydro-electric power is important, it’s also essential that reservoirs stay full enough to maintain adequate flows through the electricity-generating turbines. In fact, in terms of water withdrawn from the surface or aquifers, energy is even a little thirstier than agriculture: in the United States, 41 per cent of withdrawn water goes to energy production, and 39 per cent goes to agriculture (as of 2005).

To understand the problem here, it’s necessary to digress just a little and talk about the difference between water withdrawal and water consumption. Water withdrawal is what we take out of rivers and aquifers, use for some purpose (like cooling a power plant), and can then, in theory at least, send down the line for some other use (like putting it back into a river for somebody to drink downstream). Water consumption, on the other hand, is what gets used and not returned – for example, when you drink a big glass-ful, that water is pretty much gone as far as using it for anything else goes.

Recall that agriculture consumes about 70 per cent of all the water we use on the planet; in the United States, agricultural consumption is even higher, about 85 per cent of consumed water. That’s water that’s taken away from any other use, which means that to satisfy society’s demands in any given region – for both food and energy – there has to be enough water for agriculture to remove its huge share, while still leaving enough for the energy sector to generate the electricity that agriculture relies upon, not to mention keeping the lights on for the rest of us. In times of plenty, there is no problem. But when water starts to get scarce, as is presently the case in many arid yet populous parts of the world, an irresolvable conflict between growing food and generating adequate electricity can arise. That is exactly the problem that led to riots, burned trains and attacks on government officials in Pakistan in 2012, as we described in Chapter 1.

Now, throw climate change into the mix – generally hotter summers on the farm, as well as in the populous cities that pepper food-growing regions (see Chapter 5). Under such conditions, more electricity is required for irrigation (assuming the water is even available) and for keeping the air conditioners on. The vicious circle completes itself with the need for even more water – and more electricity – that is then needed to cool down the power-plant machinery.

And as population grows and more people move into higher economic classes, more electricity will be demanded as well as more food needed. It is these sorts of considerations that led the CNA, the think-tank that advises on national security concerns, and collaborating academic analysts to conclude: ‘As demand increases, competition for limited water resources among the agricultural, industrial, municipal, and electric power sectors threatens to become acute in several global regions’ (see Paul Faeth, CNA, and Benjamin K. Sovacool, 2014, Capturing Synergies Between Water Conservation and Carbon Dioxide Emissions in the Power Sector. CNA Corporation, p. 27. https://www.cna.org/sites/default/files/research/EWCEWNRecommendationsReportJuly2014FINAL.pdf). The bottom line is that by 2040 the world will face insurmountable water shortages, if things keep going as they have been.

Which means, just as was apparently the case with the Ancestral Puebloans, increased warfare will follow. You actually don’t have to look into the future to see that happening. As we write this, the United States just bombed Iraq again. The tipping point for that decision was the takeover of the Mosul Dam – the main source of water and electricity generation for communities downstream – by the rebel Islamic State of Iraq and Syria. That put Islamic State in control of the water and electricity that the Kurds in Mosul and downstream need for survival, and sent tens of thousands of refugees into the mountains, where they have no access to water or food. The airstrikes were cast as a response to a humanitarian crisis, and have been accompanied by airdrops of water and food to the refugees, with good reason – as a CNN report by Holly Yan and Barbara Starr put it: ‘Dozens of people, including sixty children, have died on the mountain, where the Yazidis [a Kurdish-speaking ethnic group] are battling extreme temperatures, hunger and thirst’ (11 August 2014, http://www.cnn.com/2014/08/10/world/meast/iraq-crisis/). Things quickly began to spiral, though. Baghdad battened down the hatches with Iraqi troops and tanks, the Islamic State rebels continued on a killing rampage, and Britain and France promised to join the airdrops. Where it will end is still unknown, but where it began is all too clear: with a long history of ethnic rivalry in a water-limited land, and a recognition that whoever controls the water controls the region.

This latest war is only one of more than fifty water-related conflicts that have occurred in just the first fourteen years of the twenty-first century. The countries involved in the other skirmishes are spread far and wide: Afghanistan, Australia, Belgium, Bolivia, Burkina Faso, Canada, China, Colombia, Côte d’Ivoire, Ethiopia, the Gaza Strip, Ghana, India, Iraq, Israel, Italy, Jordan, Kazakhstan, Kenya, Kyrgyzstan, Lebanon, Macedonia, Mexico, Nepal, Pakistan, the Philippines, Somalia, South Africa, Sri Lanka, Sudan, Tibet, the United States, Uzbekistan and Yemen.

All this, mind you, in a world where we have considered water resources as more or less adequate. But in fact that’s arguable, as becomes all too apparent if you simply Google the news for ‘water shortage’, as we just did. What came up are current water-related problems in Brazil, Bulgaria, Canada, Chile, the Gaza Strip, India, Iran, Iraq, Ireland, Jamaica, Mexico, Saudi Arabia, the United Arab Emirates and the United States (including California, Michigan, Nevada, Ohio and Utah). But this is just the tip of the iceberg. Globally, the water problem is so pervasive that it is not even news. Right now about 1.1 billion people – roughly one in every seven – lack adequate access to water. Many of them make do with only five litres a day, even though the minimum daily threshold is considered to be twenty litres.

Throw in increasing population and warming climate, and the number of people experiencing water stress is very likely to skyrocket – projections indicate that by 2025, the number of people short of water is going to increase to somewhere around three billion. That’s more than one in every three people on Earth. Besides the breakdown in the water–food–energy nexus we highlighted above, and increased droughts in already arid lands, the looming problem includes what will happen to water supplies as mountain glaciers melt, which is already well under way throughout the world. More than one-third of the world’s population, including in many parts of Central Asia, Latin America and South Asia, get much of their water from rivers supplied by upland glaciers. In Asia alone, reduced outflow from glaciers would be devastating: the Brahmaputra, Ganges, Indus, Irrawaddy, Mekong, Salween and Yangtze Rivers, all fed by glaciers in the Himalayas, provide water for over two billion people – more than one quarter of the planet’s population. All of this points to water stress increasing over the next twenty years or so, and as we’ve witnessed in the past and present, with increased water stress comes fighting.

There is hope, of course, that the fulfilment of such dire predictions will not come to pass. Technology is likely to advance to the point that it could help in a rescue. As we’ve seen with fears about peak oil, new drilling technologies like hydraulic fracturing (fracking) seem to consistently come along, allowing recovery of underground reserves previously thought unreachable. But, of course, that comes at a higher economic cost than we are used to paying, and at much greater environmental risk. Out of necessity, people who can, will pay high prices. Even now, instead of discarding water from its oil wells, Chevron is selling it in California’s drought-stricken Central Valley. Some techno-hopes sound good in theory, but are very unlikely to pan out on a massive scale – a case in point being the desalination of ocean water. Unfortunately, that requires so much energy that there seems no way we could ramp it up fast enough or economically enough; and even if we could, we would be left with massive piles of salt, which would turn into an environmental nightmare for the areas near the desalination plants. Desalination can be a solution for some places, though, and the building of small systems along coastal California is under way, inspired in part by success stories like the US Navy’s reliance on fresh water produced from sea water for their sailors at sea.

Yet there are some technology fixes that would clearly help solve the water problem. States and nations already move water through pipes for hundreds of miles to get it from where it can be captured to where it is scarce, but as we discussed earlier, the energy conflicts – both in the amount of electricity needed and the amount of water required to cool the power-plant equipment that supplies the electricity – are prohibitive. The solution here is pretty much the same as that needed to address climate change: shifting to electricity generation that does not require much water, like solar and wind power. That would also help considerably in relieving the water-for-food versus water-for-energy tension.

Which brings us right back to the same kind of conclusions we’ve pointed out for the other big global issues. The real hope for averting the water crisis lies in humanity’s ability to do some things we have not been doing so well in recent decades: recognising the crisis for what it is, and dealing with its root causes – too much population growth, and too much human-caused climate change. In the case of water, holding both population growth and climate change in check will be essential, so as not to increase the water deficit we’re already experiencing. But actually reducing water-based conflicts will require the development of intra- and international water compacts, which are based on sound science and which recognise not only the rights people have to the water actually flowing through their land and stored in aquifers beneath their feet, but also the rights of those upstream and downstream. That is, in a word, sharing. And such sharing is not what many old, and old-fashioned, water policies adequately facilitate.

Whether there is real hope here is still up for grabs. Clearly, coming up with viable schemes to share water will be easier within nations than between them, but even so, considerable controversies seem to arise continually within national borders. For example, in 2014, Texas was suing New Mexico and Colorado for water, and Florida was suing Georgia. Both cases were under consideration by the United States Supreme Court. The problems magnify considerably when national borders are crossed, as in the case of the glacier-fed rivers in Asia listed above, and in the Nile drainage, which encompasses already politically fragile areas in North Africa, including Sudan, South Sudan and Egypt. Upstream, the Nile is also an essential water supply for Ethiopia and Uganda. While, in theory, a water-agreement scheme that involved coordinated management of the groundwater, dams and reservoirs sprinkled through all these countries would help stabilise regional water delivery, in reality there seems little chance of achieving that level of cooperation in the near future. As we write this, Egypt has demanded that Ethiopia halt construction on a dam across the Nile, threatening to protect the river’s flow ‘at any cost’.

Effective water treaties in coming decades may well also have to account for so-called virtual water transport – that is, water that is imported and exported in the form of water consumed by crops and industrial products. That accounting is already being developed, and illustrates the intricate water interdependencies that nations presently rely upon, usually without even thinking about it. Among the top net virtual water importers, in the form of crop, animal and industrial products are (in descending order) the United Kingdom, Germany, Italy, Mexico and Japan, which are getting their virtual water from the exporting nations of Brazil, Australia, the United States, Argentina and India. As water gets scarcer, virtual water is likely to figure more and more in international trade agreements. This is already being done at the national level, as evidenced by China’s inclusion of virtual water in its plan for its enormous north–south Water Transfer Project, which has the goal of balancing water between the water-poor but agriculturally productive north and the water-rich but food-deficient south.

Truth be told, we’re a little nervous about the water crisis. Maybe it’s because of having spent so much time in the American south-west, and knowing what happened to the Ancestral Puebloans. Or maybe it’s because of living in California, now parched and seeing the hottest year ever recorded, where the traffic-alert signs on the major highways are apt to flash ‘Serious Drought. Help Save Water’, where we’re implored almost daily to use 20 per cent less water than we’re accustomed to, where farmers are leaving their fields fallow because they can’t irrigate them, and where whole cities have had their water allotment from reservoirs cut off. The mantra around here, referring to getting rid of lawns, is ‘Brown is the new green.’

But there’s also another uncomfortable rumble related to water that seems to be getting louder and louder. Even here in the United States, where we take clean water coming out of the tap for granted, two major cities have seen their tap water rendered undrinkable within the past year. A chemical used to process coal leaked into a West Virginia river and contaminated the water supply for the state’s capital and largest city, Charleston. Then, in Toledo, Ohio, a toxic algae bloom wiped out the water supply for several days. And that’s small potatoes compared to the tens of millions of people in developing countries whose only drinking water is contaminated with poisons like arsenic or harmful microbes. The bottom line is that besides an apparently shrinking supply, the water we have left to drink is increasingly contaminated with toxic wastes. Which, as it happens, are showing up not just in our water, but everywhere. So let’s now turn our attention to pollution, and how that figures into the global tipping point.
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TOXINS

Tony in Fes, Morocco, March 1996

I couldn’t quite figure out which of my senses was being most assailed. I was in the Fes el Bali medina, one of the oldest marketplaces in the world. The noon prayer call had just echoed through the ancient alleyways, the eerie, disembodied tones of the muezzins (‘Allahu Akbar … Ashadu ana la Ilaha ila Allah’) overprinting, for a few minutes anyway, the rest of the cacophony. Bearded shopkeepers dressed in loose linen were imploring me to buy their goods, shouting out against the background chatter of thousands of simultaneous conversations. The clip-clop of a mule, packsaddle piled high with some sort of delivery, reverberated off the ancient stone buildings that walled the narrow passageways.

Jockeying shoulder to shoulder with the rest of the crowd on the cobblestone street, I was trying to keep my wits about me in this foreign land, but was distracted by the rows of fresh sheep’s heads lined up at the butcher’s stall on my right, arranged beneath a display of neatly-spaced animal bladders hanging from a rope that stretched above. The next stall over caught my eye, with stunning brass and copper candelabras, vases and jewellery, some expensive and some cheap. After a bit of haggling, I walked on with a couple of rings for our daughters. Leather jackets, belts, gorgeous handbags, piled one on top of another helter-skelter; Liz would love these, I thought. Across the way I caught the scent of the spice shops, bowls of orange and brown powders, and aromas of turmeric, cinnamon, cumin and cloves. Somewhere close by, a lamb tajine was simmering and coffee was brewing, making my mouth water. That quickly gave way to the perfume stall, where the spring air, now beginning to feel hot on my back as the sun reached deeper down into the ancient urban canyons, became an olfactory stew of floral and musky smells.

And then it was suddenly not so pleasant. As I climbed a stone staircase that was well worn from over a thousand years of use, the pleasant smells of down below gave way to something else – the stench of rotting meat. When I reached the rooftop and gazed down, I saw why. Actually, what I saw, as I wrote in my journal that day, was my version of hell.

It was a leather tannery, operating pretty much as it had for centuries past. Picture looking down on a city block, but instead of houses, visualise open cisterns tightly packed together, some looking like bathtubs carved into rock, others circular and larger, about two body-lengths in diameter. In each vat were stinking brews of pigeon guano, chromium and sulphuric acid, among other toxic ingredients. Animal hides, preserved in salt, lay around the edges. Those wonderful belts and handbags I saw earlier started out right here, and the putrid meat smell, now with a good dose of rotten egg and chemical undertones thrown in as I got closer, was the byproduct of treating the hides.

For a while I tried to imagine myself as one of those unlucky souls, barefoot and with toxic juices soaking their legs up to their thighs, balancing on the edge of the vats or stepping down into the muck after dragging the heavy hides over and dropping them in. Then they’d macerate the soaked skins with long poles, and when that was done, lift them out, dripping and stinking, only to drop them into another nasty-looking pool of different-coloured vile mire.

I had ended up in Fes el Bali in a roundabout way. At the time I was attempting to facilitate international programmes between scientists who were concerned about the growing human impacts on mountain ecosystems, as part of my job directing a research centre at Montana State University in Bozeman, Montana, that focused on that issue. The day before, I had been working with colleagues at Al Akhawayn University in the town of Ifrane in the Middle Atlas mountains, about two hours away. They thought I should see Fes for a couple of reasons. One was because right near the medina is the world’s oldest university, the University of al-Qarawiyyin, founded in AD 859, a source of great national pride and a must-see for any university professor like me, if the opportunity arises.

The other was because the medina itself had been designated a World Heritage Site, which really piqued my interest, since I had recently moderated UNESCO hearings to add Yellowstone National Park to the World Heritage list. Eventually, Yellowstone’s addition was approved. The contrast between the two sites couldn’t have been more stark: one of them among the world’s oldest urban ecosystems, the other the world’s oldest nature preserve. Captivating as those differences were, though, what struck me even more was a major similarity. Parts of both World Heritage Sites are suffering from the dumping of toxic wastes.

The effluents coming out of those tanneries at Fes el Bali, in fact, have pretty much killed everything in the Fes River, which runs right through the medina, and in other rivers downstream in the Sebbou drainage. A microbiologist showing me the region pointed out that the only signs of life in those waters are a few specialised bacteria. Not to mention that the contaminated rivers supply the city’s water. In Yellowstone, the problems come from gold and silver mines that used to operate just outside the park borders. Ore-processing wastes that were long ago dumped at the north-eastern edge of the park contaminate what would otherwise be a pristine river inside the park’s boundaries, stunting the riparian vegetation, reducing certain groups of aquatic life from what should be nineteen species to six, and elevating copper concentrations in the fish. A little farther afield, in scenic country near the south-east border of the park’s buffer zone that, with the park, comprises the Greater Yellowstone Ecosystem, pollution from currently operating phosphate mines appears to be producing even more obvious, horrific impacts on trout: many are born with two heads.

Reflecting on the degradation of these World Heritage Sites from the toxic byproducts of humanity, it was hard not to wonder. Such places are, after all, the world’s crown jewels. They have been judged by the international community to be among the most important places on the planet to preserve and cherish. If we’re polluting them, is there any place on Earth we’re not contaminating?

Years later, as Liz and I began to look more closely at the state of the world, it became apparent that there is a very simple, one-word answer to that question. And that answer is: no.

*   *   *

If you are anything like we used to be, you probably think of pollution as somebody else’s problem. After all, you probably don’t live near a tannery, mine dump, or any other point source of pollution (although you might be surprised if you did some checking). And even though you know such places exist, you might think that in the grand scheme of things, they’re necessary evils and don’t harm all that many people anyway. As soon as you dig into those suppositions a little more deeply, though, they begin to fall apart. For one thing, those point sources of pollution are amazingly widespread; for another, they impact hundreds of millions of people, causing illnesses, disability and death.

The direct human impacts of pollution are commonly measured as Disability-Adjusted Life Years, or DALYs, which express the number of years lost due to ill-health, disability or death. One DALY equates to losing one year of healthy life. To get a sense of just how bad the point-source pollution problem is these days, it’s helpful to run through the list of the top ten polluting industries as identified in the 2012 report of one of the world’s pollution watchdogs, the Blacksmith Institute. Number one on the list is lead-acid battery recycling. At some point you’ve probably got rid of your old car battery, so you contribute. Cottage industries that attend to this nasty task can be found in nearly every city in low-and middle-income countries. The cost in human suffering: 4.8 million DALYs. Lead poisoning from lead smelting ranks number two, at 2.6 million DALYs. Number three is mining and ore processing, like those mine dumps outside Yellowstone: 2.52 million DALYs. Tanneries like those in Fes rank fourth at 1.93 million DALYs. Industrial and municipal dumps, where your garbage ends up, come in as the fifth worst, costing 1.23 million DALYs. Number six: industrial sites, 1.06 million DALYs. Number seven: so-called artisanal gold mining, small-scale operations that end up poisoning more than fifteen million people, about 4.5 million of them women and six hundred thousand children, through direct contact with toxic mercury used to process the ore, costing over a million DALYs. Number eight: various kinds of product manufacturing, 786,000 DALYs. Number nine: chemical manufacturing, 765,000 DALYs. And holding down the number ten spot is dye manufacturing, at 430,000 DALYs. Add those together, and it’s as if we’re talking about the incomprehensible numbers that mark geological time; but we’re not: it’s more than seventeen million years of productive life lost. Seventeen million years.

Lucky me, you might be thinking, that none of those places are in my backyard. But you’re not as lucky as you think, because it’s not point-source pollution that is the biggest problem these days. More pernicious, both in its immediate impact and in the long term, is the stuff that spreads widely, a classic example being what we put into the air, which in most cities is increasingly hard to breathe. In fact, some of it – notably the black air that pours out of a rapidly growing number of smokestacks and exhaust pipes in China, can even be seen from space. Which is ironic, since it is often difficult for the residents of places like Beijing to see more than a few hundred yards, the smog is so thick. We got some inkling of what it’s like to spend a winter under such conditions when we lived in Santiago, Chile, which is in much better shape than Beijing, Delhi, Karachi, Kabul, Doha, and a host of other highly populous cities, where hundreds of millions of people have to breathe air you can actually see. In Santiago, there were days when the grey haze was so thick we could barely see across the street when we looked out of our high-rise apartment window, and the irritants in the air led to sinus infections that went on for months. The respiratory ills we suffered were not uncommon: the hospitals were overflowing, as they usually are in winter, with over twenty thousand people suffering from similar complaints, and about seven hundred people in Santiago die of such illnesses each winter.

Ah, you may be saying, that’s a developing country problem. Wrong again. Air pollution in London on certain days in 2014 was reported to be worse than that in Beijing by some measures. We now live in California, which has some of the strictest environmental laws in the world. Even so, when we drive from San Francisco to Los Angeles, we pass through Bakersfield and feel our eyes sting and our noses clog. For good reason: Bakersfield has the worst air in the nation in terms of particulates, and is just behind Los Angeles in harmful ozone, a result of industry, agriculture, power plants and unfortunate geography.

Los Angeles itself has long had a reputation for bad air, but in fact it has cleaned up its act tremendously over the past couple of decades, a result of stringent environmental regulations that enforced emissions limits on power plants, industry and vehicles. Vehicle emissions, for instance, have reduced by 99 per cent since the bad old days of LA smog in the 1960s and 1970s. As a result, compared to cities like Beijing and Santiago, Los Angeles’s air is downright pristine: its average Air Quality Index typically measures between 50 and 60 (with higher numbers being bad), compared to Santiago’s winter readings, which are usually above 100. Beijing’s readings are almost always above 50, usually above 100, and not uncommonly exceed 200 or even 300. Nevertheless, the air of Los Angeles is still not what you’d call healthy, as the experience of one traveller shows. After a recent visit to the area, he emailed us with the following plea:

Our group of 25 people from Georgia recently visited LA for the Rose parade. We were on a 12-day bus excursion that arrived in Covina on Dec. 30th, for a 2-day stay. As a former smoker (quit 1 year), I suffer from slight COPD [chronic obstructive pulmonary disease], but was cleared by my doctor to visit, with adequate [ventilator] equipment for sleep. Upon arrival (4 p.m.), I collapsed with breathing difficulties, and was confined to my motel room for the evening. As breathing became more difficult, I required medical attention from Citrus Valley Medical Center and was advised to be admitted. Against medical advice from ER doctor, I decided to obtain portable oxygen therapy in the motel, and travel on to Las Vegas to cleaner air. Wrong. Upon arrival in Las Vegas, COPD worsened and hospitalization was required to maintain breathing and repair lungs from damage incurred in LA. After a 6-day stay in Desert Springs hospital, I was allowed (along with portable oxygen concentration) to fly home to Georgia. I later discovered that 2 other people had to leave the tour group and to get medical attention and fly home prematurely. A total of 6 visitors on this vacation have now sought medical attention for respiratory problems from this visit. I am retired with hopes of travel, but I am now limited for the next year to oxygen therapy when traveling until I have recovered from this visit. The state of California has a duty, obligation, and responsibility to warn visitors of hazardous conditions regarding health. I, along with 21 other people are soliciting the US Health and Human Services (Kathleen Sebelius) to require that travel companies post warnings for health risk associated with visiting areas such as LA, before booking travel. The monetary loss is insignificant compared to the loss of lifestyle and duration of life that I have to endure in the future. It is difficult to comprehend the long-term effects on the residents of your state due to this negligence. Don’t abuse God’s gift. Please become responsible stewards of your environment and take action.

This correspondent’s appeal was to clean up a state that, as has already been mentioned, is recognised as having some of the toughest environmental standards around. His individual experience multiplies out by millions when you look at the problem on a global scale: in 2010, air pollution was causing up to six million premature deaths per year.

These are just the immediate costs. As we saw in Chapter 4, the long-term costs are even higher: it is in fact air pollution in the form of carbon dioxide, nitrous oxide, methane and chlorofluorocarbons, emitted primarily from burning fossil fuel, that causes the climate-change problem. Pollution from point sources like factories, mines and power plants, which we typically regard as somebody else’s problem, scales up to contaminate the entire planet.

But air pollution is just the tip of the iceberg. We have, for instance, totally changed both the amount of the planet’s nitrogen, and the way it cycles through the land, rivers, lakes and sea. Nitrogen is something all living things need, and it is extremely common in gas form – it makes up about 78 per cent of the atmosphere. The problem for living things, though, is that under natural conditions it is very hard to convert nitrogen-gas molecules into something that plants and animals can actually use. Historically, to meet the needs of plants for nitrogen, people used bat and bird guano (excrement) as fertiliser, but those sources ran out. Luckily for us, though, in the early part of the twentieth century some bright people figured out how to make more of the kind of nitrogen that living things need, in the form of chemical fertilisers that we have been liberally sprinkling on a large proportion of the planet’s land ever since.

Making nitrogen fertiliser relies on a process that was discovered and refined by two German scientists, Fritz Haber and Carl Bosch; it’s therefore called the Haber-Bosch process. The Haber-Bosch process became so important to the world that its inventors were awarded separate Nobel Prizes. Bosch’s came in 1931; not long afterwards he was dismissed from his directorship of Germany’s major chemical conglomerate for trying to discourage Adolf Hitler from going to war. Haber’s Nobel Prize came earlier, in 1918. Ironically, that was right after he had put his chemical expertise to decidedly dastardly uses: during World War I he had the bright idea of using chlorine and mustard gas to incapacitate enemy troops, which was carried out to grim effect. Besides making fertiliser, he also had a not-so-widely-publicised motivation for producing reactive nitrogen: so it could be used in bombs. Later, it was Haber’s invention of the highly poisonous cyanide-based Zyklon A that the Nazis eventually refined into Zyklon B, and pumped into extermination chambers to kill some eleven million people. So his contributions to the world have a bit of a mixed record, to put it mildly.

The Haber-Bosch process, though, was overall a good thing: it led to the feeding of billions more people than would otherwise have been possible. Basically, the process produces ammonia, which is a usable form of nitrogen for living organisms, by a chemical reaction that involves combining atmospheric dinitrogen with hydrogen and iron at high pressures and temperatures. In layman’s language, that kind of ammonia-bound nitrogen is called fertiliser, which you can buy at your local garden or DIY centre. It was, in fact, the judicious addition of such fertilisers to fields that largely made the Green Revolution possible, which as we saw in Chapter 5 saved billions of lives.

The problem from a pollution perspective, though, is that we’ve added so much nitrogen to the world that it is getting into places it shouldn’t, and having some very adverse impacts. Nitrogen oxide (NO2) (a greenhouse gas) and ammonia (NH3) in the atmosphere have increased fivefold since pre-industrial times. Rain and snow bring those molecules down from the air and deposit them in soils, lakes and rivers – such atmospheric deposition is now proceeding at a pace that is an order of magnitude greater than it was before people got into the act. On top of that, in many parts of the world, especially places like the United States and China, much more fertiliser than crops can use is applied to fields – it’s just easier to throw on a whole bunch, rather than strictly control how much is applied. The extra nitrogen is picked up by rainwater or irrigation runoff and carried off by streams, then rivers, which in turn deliver it into lakes and the oceans.

That extra nitrogen actually makes the waters more nutritious, which seems as if it should be a good thing, but one of the general principles that has emerged from ecological research is that the highest levels of biodiversity exist when you have not too few nutrients, not too many, but just the right amount. Adding nitrogen from excess fertiliser pushes ecosystems into the ‘too many’ end of the optimal nutrient balance, and when that happens, just a few species become overly prolific, pushing out everything else. In lakes and oceans, the species that get very happy with lots of nutrients are algae. So the water turns soupy green, an ugly and in some cases toxic condition that prevails for a little while, until something else happens. The algae are so prolific that they die in astronomical numbers, and their tiny bodies start to decompose. That decomposition takes oxygen, and with so many dead bodies needing to rot, virtually all of the oxygen is sucked out of the water. Which means nothing can live there – those places become dead zones.

Such dead zones are now widespread throughout the world’s oceans, especially where major rivers flow into the sea. One dead zone in the Baltic Sea averages about nineteen thousand square miles annually, bigger than the entire country of Denmark. Another at the mouth of the Mississippi River, in the Gulf of Mexico, grows at times to seven thousand square miles, bigger than the entire state of Connecticut. There are now more than four hundred such dead zones known worldwide, up from forty-nine in the 1960s. They extend all along the east coast of the United States and in the seas off major population centres on the west coast, along much of the northern coastlines of Europe, and where major rivers in Africa, South America, Asia and Australia empty into the sea. The economic costs are colossal – in just one year, in one relatively small dead zone that covered about 365 square miles off the coast of New Jersey and New York in 1976, the losses for commercial fisheries and related businesses were more than $500 million. Multiply that by all the fisheries in all the dead zones, and the figure becomes enormous, into the trillions of dollars. Not to mention the loss of food production that results – something that can ill be afforded in a world where we need to start producing more food, not less.

The dead-zone problem promises to get worse, not better, if we go into the future without implementing the agricultural and energy changes outlined in previous chapters. As do several other global-scale pollution problems.

Just a few more examples, to give you a sense of how pervasive our contamination of the planet has become. As summarised by sixteen of the world’s leading environmental scientists, and endorsed by thousands more in the 2013 report Scientific Consensus Statement on Maintaining Humanity’s Life Support Systems in the 21st Century: Information for Policy Makers (http://consensusforaction.stanford.edu/): ‘Traces of pesticides and industrial pollutants are routinely found in samples of soil or tree bark from virtually any forest in the world, in the blubber of whales, in polar bear body tissues, in fish from most rivers and oceans, and in the umbilical cords of newborn babies.’

The key point of that section of the report, and many others like it, is that there is nowhere on Earth you can go now where you don’t see evidence of the toxic substances that people produce. Eating too much fish in some places is hazardous, because you’ll get mercury poisoning. Even polar bears in the middle of nowhere now have their tissues contaminated by mercury, which makes its way through the food chain to lodge in their tissues. No wonder, given that our waste has increased mercury deposition in the surface oceans 300 per cent relative to pre-industrial times. These toxic compounds concentrate in higher and higher percentages up the food chain, with levels peaking eventually in predators, including humans. Albatrosses, long-lived seabirds whose diets are exclusively fish, squid or krill, demonstrate 130 to 360 per cent higher concentrations of contaminants than they did just a decade ago. And in the albatrosses that feed off the Pacific coast of North America, the levels of polychlorinated biphenyls (PCBs) and mercury concentrations are a whopping 370 to 460 per cent higher than in those that feed further away from the California coastline. Concentrations of these toxins are highest in northern polar latitudes, because the input of circumpolar river systems that dump the wastes into the Arctic is combined there with nuances in airborne input due to global circulation patterns. Eskimos living traditional lifestyles now have elevated levels of cancer-causing PCBs and persistent organic pollutants (POPs), because the whales and other marine food they rely on are contaminated just from swimming around in the ocean. Some Inuit women in northern Canada and Greenland, who are virtually isolated from what we’d call civilisation, show levels of POPs higher than women in densely populated parts of the United States, and the levels of PCBs in their breast milk are five to ten times higher than in women who live in southern Canada. In some cases, the Inuit’s breast milk (and body tissues) contains such high concentrations of nasty chemical residues that it could legitimately be classified as toxic waste.

POPs (including PCBs) are pernicious, because they pass through the placenta and cause lasting problems for developing babies, including learning difficulties and behavioural problems. Many POPs are endocrine disruptors, which have recently been recognised as being so pervasive in the environment that they may be changing the very way our children grow. Endocrine disruptors are classes of chemicals that cause reproductive, neurological and immune-system dysfunctions.

Endocrine disruptors manage to get into our systems in the most unlikely ways, via things you’d never suspect. Until recently, most baby bottles, reusable water bottles and food-storage containers were made from a kind of hard plastic called polycarbonate. The same kind of plastic was (and in some places, still is) pervasive in things like compact discs, the protective lining of tin cans, contact lenses and dental sealants. In 1998 a geneticist, Dr Patricia Hunt, then at Case Western Reserve University in Ohio (subsequently she moved to Washington State University in Pullman, Washington), was studying the ovaries of mice and noticed some strange results. Chromosomal abnormalities began showing up in unexpectedly high numbers in her control mice, leading to miscarriages and birth defects. She eventually traced the problem to elevated levels of a chemical called bisphenol A, more commonly known as BPA. The mice were getting the BPA from drinking water provided to them in, you guessed it, polycarbonate water bottles, from which the BPA was leaching. Subsequently, widespread testing for BPA was initiated in people throughout the United States, and lo and behold, it showed up in almost everyone – 93 per cent of people tested.

BPAs are technically a different class of endocrine disruptor from POPs; there are many different kinds. Other endocrine-disrupting pollutants are even more ubiquitous, especially those in pesticides like DDT, made notorious by the environmental damage detailed in Rachel Carson’s Silent Spring in 1962. Even though DDT is outlawed in many countries, including the US, it is still produced in India, China and Korea, and continues to be used extensively in India and across Africa to kill mosquitoes and other insects. As with chemical fertilisers, pesticides and herbicides are seldom applied in just the right amount, so the excess percolates down into underground aquifers that often provide drinking water, and drains off into rivers, lakes and the ocean. Not to mention the residues that end up in the food you buy at the supermarket.

An example of a herbicide endocrine disruptor is atrazine, which has been a go-to product for farmers since 1958, and has been found in the water supplies of many communities in farm country. Atrazine has the interesting effect of inhibiting testosterone and inducing oestrogen production; that is, it suppresses the male sex hormone and increases the female sex hormone. That’s important in the development of embryos and juveniles of many vertebrate animals, like you and me. As Tyrone Hayes at the University of California-Berkeley, one of the world’s leading researchers on atrazine, puts it, the result of too much atrazine in an animal’s system is chemical castration and feminisation. That is, boys end up looking and actually being like girls, to the extent that male fish and amphibians produce eggs and egg yolk, and in amphibians some males even grow ovaries. In human males, atrazine exposure is associated with decreased sperm and reduced fertility.

Endocrine disruptors are a part of our daily lives now; besides plastic products, herbicides and pesticides, they’re found in our clothes and furniture (as flame retardants), various pharmaceuticals, detergents, toys and cosmetics. Their health effects are numerous, one of the most interesting being their impact on child development. Over the past half-century (the time in which the prevalence of endocrine disruptors in the environment has been increasing) girls have been getting their first periods and developing breasts and pubic hair earlier and earlier. First noticed in a landmark study reported in 1997, the trend is continuing. Reports of a follow-up study published in 2014 show that the average age for the beginning of breast development in a large sample of girls from the San Francisco area, Cincinnati and New York, was down to 8.8 years for African-Americans, 9.3 years in Latinas, and 9.7 years in Asian-American and Caucasian girls. The Caucasian girls showed the most dramatic shift, beginning puberty four months earlier than the 1997 cohort. And the proportion of African-American girls who begin to develop breasts at around six years old has tripled in the past fifteen years, to 18 per cent, while 38 per cent have done so by the age of eight, compared to 4 per cent of six-year-old Caucasian girls, and 21 per cent of eight-year-olds. For boys, it’s just the opposite – exposure to endocrine disruptors has the effect of slowing down reproductive maturation. Other health problems caused by endocrine disruptors include lower fertility, more cases of endometriosis, some cancers, and increased incidences of obesity. The obesity link is doubly problematic, because increased obesity leads to more cases of heart disease and type II diabetes.

Endocrine disruptors are just one of a host of chemicals that find their way into unexpected places – not only into human bodies, but into the bodies of many different species. Even in what we like to think of as clean places. For example, in the bay that provides part of the spectacularly scenic backdrop to downtown Seattle, a relatively clean, environmentally aware city, here is the situation as reported in a local newspaper: ‘Puget Sound a toxic stew, scientists say. Fireproof salmon, fish dosed with anti-depressants and shellfish tainted with amnesia-causing toxins can all be found’ (Lisa Stiffler, Seattle P-I, 5 April 2006, http://www.seattlepi.com/local/article/Puget-Sound-a-toxic-stew-scientists-say-1200367.php). Killer whales in Puget Sound are thought to be the most PCB-contaminated mammals on the planet.

Where do all of these pollutants in ocean waters come from? Some come from industrial wastes, but a lot of them come from you, either directly, from dumping unused antidepressants and other drugs down the toilet, or indirectly, from the bodily waste that you also flush away. It turns out that those molecules survive even when they pass through waste-treatment plants (and in many places they never do, but end up flowing out of pipes that essentially connect toilets right to the nearest river, lake or ocean). And even at seemingly low concentrations they are able to do things like, oh, disturb the genes that control the brain function of shrimp, or cause fish to become less cautious, or make crayfish fight more.

Your sewage (combined with ours and everybody else’s) turns out to be a huge problem, in fact – much bigger than simply making crayfish fight more. Sewage-treatment plants are literally bulging at the seams in many major cities, if they have adequate ones at all. And we’re not just talking about developing countries. In 2009 several cities in the San Francisco Bay area – including that bastion of environmental awareness, Berkeley – were sued by the United States Environmental Protection Agency, California water officials and environmental groups for routinely allowing hundreds of millions of gallons of partially treated sewage to flow into the bay during heavy rainstorms. The problem is antiquated storm-drainage systems that can no longer handle the effluents from the growing California population, especially during storm surges. A settlement to upgrade the Bay Area systems was finally reached in 2014, and that kind of expensive situation is exactly what many major cities in developed countries are facing: for example, Victoria, Vancouver, New York, Venice and London, to name just a few. And in coastal cities the sewage-disposal problem will be exacerbated in future years by rising sea levels, as well as by population growth.

Sewage in developing countries is an even greater problem – there more than 90 per cent of human waste is dumped directly into the surroundings virtually untreated. As of 2011, the waste from approximately 2.6 billion people went directly onto the ground or into waterways; in India alone, half the population, equating to six hundred million people, have no access to toilets. In fact, there are fewer toilets in the world than there are mobile phones. The health problems from such lack of basic sanitation are enormous: they cause a child to die approximately every twenty seconds from complications of diarrhoea, typhoid, hepatitis, cholera or all sorts of other pathogens and infections. The children who survive often suffer permanent damage. In India, the long-term build-up of faecal germs in the environment – not malnutrition – has recently been identified as the cause of stunted growth in as many as sixty-one million children. That is what happens when you combine high population densities with raw sewage. The problem of untreated (to put it bluntly) human shit is so enormous – more than two hundred million tons of it each year – that the United Nations has all but thrown up its hands in despair, declaring its goal of halving the number of people who lack access to such basics of sanitation by 2015 to be out of reach.

How big are all these toxic problems on the global scale? Very big, it turns out. In 2010, health researchers estimated that the number of years (measured in DALYs, as we defined at the beginning of this chapter) lost due to environmental hazards is probably greater than the number lost to malaria, tuberculosis and HIV/AIDS combined. And over the next few decades the toxic-contamination problems promise to get worse if we simply keep on doing what we’ve been doing. If you think back to the kinds of examples we’ve given in this chapter, you’ll have no trouble seeing that pollution of our world increases as a direct function of population growth and the resulting need to produce more stuff, burn more fossil fuels, grow more food, and siphon off more water.

So how do we change business as usual to stop polluting more as we grow to ten billion people? The glib answer is to say: consume less, pay attention to the environmental footprint of items you buy, get off fossil fuels, implement the agricultural solutions mentioned in previous chapters, and clean up the bad messes we’ve made in the past. And on that last front there is actually some good news in recent years. People really do seem to care enough to fix the mistakes of the past, at least in places they consider special enough. That’s why clean-ups are under way, at impressive economic cost, at both of the World Heritage Sites mentioned at the beginning of this chapter. In 2013, Morocco’s King Mohammed VI approved a $39 million handicraft complex to replace the polluting tanneries and copper workings in Fes, and NGOs are pitching in sizeable sums to clean up the Fes and Sebbou Rivers. In the Yellowstone area, the state of Montana is spending $20 million to get rid of the old mine tailings that are polluting park waters, work that began in 2012. The Stockholm Convention in 2001 produced a treaty to reduce POPs worldwide. And in 2014 evangelical religious groups banded together to support the reduction of carbon pollution, an unexpected move given their usual affiliation with global-warming-bashing conservatives.

As far as fixing the global sewage problem goes, meeting that United Nations goal of providing basic sanitation facilities for the billions who lack them would go a long way – but that will take money and commitment. There are also some innovative and feasible, if a bit strange-sounding, approaches that are already working, even making money – like running buses on human faeces, and using the manure from animals to generate electricity. The former is already working in Norway, the latter on farms in the United States. Such solutions kill two birds with one stone, so to speak, by helping to solve the bodily-waste problem and cutting greenhouse-gas emissions at the same time. In addition, the field of green chemistry is advancing rapidly; entrepreneurs are looking for, and succeeding in finding, ways to produce a new generation of inherently safer, non-polluting chemicals for use in products the world clamours for. And, of course, it would be good to apply the precautionary principle to the release of new substances into the environment – demonstrating that they are safe before they are used, rather than waiting to see if problems develop a few years down the road, which is the way things have commonly been done up to now. That is going to require governments to get into the act with stricter regulations. And some very simple, essentially free measures can work to alleviate some of the toxins in human waste, too – an approach championed by Rita Colwell, the former director of the National Science Foundation and former President of the American Academy of Sciences, who has studied cholera for almost half a century. She proposed using saris – as worn by women in India – as a filter for drinking water in cholera-prone regions. Folded over four times, saris used as filters result in a reduction of cholera by 50 per cent.

But ramping up solutions quickly is of course far, far easier said than done, especially when special-interest groups that stand to lose a lot of money are lobbying against those solutions. Industries are not shy about rolling up their sleeves and fighting hard and dirty when it comes to regulating harmful products that are also big money-makers. Classic examples are the tobacco and fossil-fuel lobbies, both of which have underwritten disinformation campaigns and organised smear tactics against scientists who are discovering facts that the polluting companies don’t like, as was so well documented in Naomi Oreskes and Erik M. Conway’s recent book Merchants of Doubt (2011, Bloomsbury Press). The outcome is never certain, as illustrated by an ongoing battle over the use of a herbicide we mentioned earlier in this chapter, atrazine. Atrazine’s role as an endocrine disruptor began receiving attention in the late 1990s, and soon thereafter it was banned in Europe. It is still used widely in the United States, however, but not without considerable controversy that pits big business against scientists, as related in detail by Rachel Aviv in the New Yorker magazine (‘A Valuable Reputation’, 10 February 2014). At stake are not only reputations – of both the researchers who study the health effects of atrazine and the companies that produce it – but also big profits for the companies. Sales of atrazine amount to at least $300 million per year in the United States alone.

That, as well as plain old inertia in not wanting to change, is what the world is up against in its attempts to make the planet a less, rather than more, toxic place as we head into the next couple of decades. Many people are fighting the good fight, but it’s an uphill battle that may well get even tougher over the next few years, especially in stemming the tide of pesticides and pharmaceuticals that is such a big part of the pollution issue. Because as it turns out, there’s yet another growing problem, to which our probable first reaction will be to spread more and more, rather than fewer and fewer, pesticides and drugs around the globe: there’s a host of disease organisms that are on the move, and new ones are emerging. So, as if all the other difficulties we’ve covered aren’t enough, we’ve got some global health problems to take seriously as well.
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DISEASE

Liz, near the Panamanian border, Costa Rica, February 2013

Darkness descends rapidly near the equator, which makes the waiting easier, because that’s why I am here – for the night. Our team – graduate students Hannah Frank and Chase Mendenhall, my colleague Gretchen Daily and a Costa Rican crew of expert naturalists – is here to trap bats. We are trying to time our hike so that we arrive just before nightfall in order to set up the nets and to avoid bushwhacking through steep terrain in the dark. Then we wait. The mist nets we use are almost as fine as human hair – very light, but strong. And in spite of being spectacular at finding their way around the thick forest understorey of a tropical rainforest, most bats can’t avoid flying into these nets. Their delicate, wrinkly wings get caught, and we must carefully unwrap the net from their little bodies to take them out. We capture tens to hundreds of bats per night, and go from chilly, tired biologists to excited, exhausted ones, depending on how many we capture. We spend much of the night processing these strange-looking little animals, and then release them, unharmed, back into the darkness.

Handling bats is quite an experience. A photograph just doesn’t do them justice: most are really tiny, very feisty and stunningly beautiful. You see intelligence in their eyes. Their wings, basically just tissue-covered hands, are surprisingly elastic, and their ‘fingers’ are as thin as toothpicks. They are surprisingly good at climbing, though, and that’s what they try to do while we handle them. Their distinctive facial and ear projections, exquisitely evolved for ‘seeing’ by echolocating in the pitch black, help us identify which species they are. But identifications are tough in this part of the world, where the diversity is astounding – 110 species, over one-tenth of all the bat species in the world. So telling which is which takes a little time. No worries, though, because we take tissue samples that we will use to genetically corroborate our hands-on IDs once we return to the lab.

Tonight I hold the bats as Hannah takes a small blood sample and swabs inside their little mouths for a saliva sample, each swab stored in its own container. Most bats are pretty straightforward to sample, but the swabs in a vampire bat’s mouth don’t last long, since their tiny teeth are sharper than all the knives in my kitchen at home. We search the white canvas bags in which we temporarily hold the bats for faeces they may have let go in all the excitement, which gets put into a vial. Then we tweeze almost-too-small-to-see bat flies from each of the bats’ wings and fur. It’s fortunate for us, perhaps less so for the bat, that each one of them carries its own little ecosystem on its body: flies, some ticks, mites and various lice, and that each bat species hosts its own set of mostly unique bat flies and other bugs.

The bugs eat the blood of their bat host, who spends time grooming them off, sometimes alone and sometimes in social groups. If you’re a bat, the primary social group is a mother and her pup. Usually, mothers give birth to one pup per year, and then the pup holds on for dear life as its mother performs her nightly aerobatics. We caught several of these mother–offspring flying duos (the baby stays on its mother during our processing), shaking our heads in wonder that some pups were nearly as big as their mothers.

Bats roost during the day and, depending on the species, are more or less gregarious. Some species hang singly from branches or the bark of trees, not even touching each other. Some curl up in a leaf in smallish groups and stay there for a few days. The other extreme includes those species whose roosts are large caves containing millions of individuals. Most of these caves have been occupied for thousands of years. You can tell this by the amount of guano (bat faeces) at the bottom of the cave. It’s a rich source of nutrients for many species, but it has an enormous bacterial load too. So you can imagine that one of the determinants of how many parasites and diseases particular bats carry is how long their roosts have been occupied, and by how many individuals.

Bats eat a variety of foods, too, and that makes them very important to people. Many eat fruit, some have diets of insects, and some specialise in nectar. Using Scotch tape, we take sticky samples from the faces of the nectar-eating bats so that another team can figure out which flowering plants the bats visited, by identifying the pollen stuck on the tape. In the process of feeding on nectar each night, these bats also pollinate the plants; in fact, some plants cannot reproduce without bat pollination. This is only one way that bats help out humanity; they actually perform all sorts of other helpful jobs as well. Part of Chase’s dissertation is to determine just what those jobs are, both in the thick forests here and in the more human-modified areas, including coffee plantations, cow pastures and family farms, across this landscape. It’s already clear that one very important service they perform is eating insects people tend not to like. Though bats are small, they can live a very long time – up to forty years in the wild. Put together small size, long lifespan and very slow reproductive rate, and the biological necessities mean that bats are voracious eaters. Insect-eating bats can in fact eat their weight in insects every night. Bat by bat, this adds up: the bat swarm from Braken Cave, Texas, has been estimated to eat two hundred tons of insects nightly. Working in the tropics makes us appreciate that. We shudder to think how many more insects there would be here without the appetites of the bats we’re handling.

As the night progresses, we capture more and more species. Most are active early on in the night while the temperature is still warm, and only a few prefer the deep, chilly later hours. Handling the bats is slow going – we have several samples to take, and they are strong, squirmy little mammals with sharp teeth. It’s tedious, but we have to be painstaking, working quickly so the bats don’t get cold and lethargic. So our field crew is happy when the bat-visits to the nets decrease late in the night and we can pack up and head back to our field station. Climbing the slippery hill with just our headlamps is a bit disconcerting. Tree roots look huge, and the forest beyond our little path seems impenetrable; sudden movements in the dark are suspect, but luckily it is too chilly for most snakes. Sticky spiderwebs have been strung across our path in the past few hours, though, keeping us wondering just how many creepy-crawlies there are in this place.

Weeks later our team is back in our lab at Stanford, processing all these samples. For every night of work in the field, we end up with several weeks to months of work in the lab. Our goal is to understand how human modification of the tropical forest – a worldwide problem these days – influences the diversity of bats (and other species), the ecological services they provide, and, importantly, the diseases that bats carry and that humans may come into contact with. We have posed questions about which bat species should have the most parasites, and in turn, might harbour the most diseases.

As the months of lab work pass, we are surprised by the answers we find. We’re using a bacterium called Bartonella as a kind of disease marker to help us predict potential pathways of all types of disease exchange between bats, their parasites, domesticated animals such as chickens, cows, cats and dogs, and humans. Instead of finding just a small percentage of bats with specific strains of Bartonella, we found that fully a third of those we caught had this bacterium in their blood, as did half the bat flies we sampled. Not only did we find an unexpectedly high number of infected bats and flies, it turns out that many of the strains of Bartonella in bats are identical to the ones that cause nasty diseases in humans – like endocarditis (an infection of the heart), cat-scratch fever, trench fever and sand-fly fever. Bartonella has also been implicated as a potential cause of unexplained illnesses worldwide in humans.

What this means is that we have found that in this peaceful, thriving tropical countryside there is a potential for release of diseases that we really have no idea about, being carried around by animals we can’t do without.

*   *   *

Costa Rica is not an anomaly.

More than three-quarters of all the recently emerged infectious diseases have an animal origin. The current thinking is that these ‘new’ diseases are arising more frequently because we are increasing our penetration into formerly little-visited ecosystems and transforming them for our use. The diseases aren’t really new, though. They come from pathogens that have a long history in natural ecosystems around the world, spread between vectors and hosts, sometimes to the detriment of the host, sometimes not.

What’s new is that these pathogens are now infecting humans; and since we are not used to being infected, such diseases can cause all manner of health problems, even death, and they can spread like wildfire. Especially because there are so many more people on the planet now, and our numbers are ever growing. Simply by increasing the number of people that are exposed to animals, we increase the likelihood that some transfer of disease takes place. Today it is possible to travel from almost any part of the world to almost any other in a single plane ride.

As we write this chapter, what’s happening with the deadly Ebola virus outbreak illustrates the dangers all too well. Ebola is a kind of ‘worst nightmare’ disease. It kills between 60 and 90 per cent of the people it infects, and victims literally pour virus-laden fluids from their bodies. They have fevers, intense headaches and pain in their joints, they have diarrhoea, they vomit, and in the latter stages of the infection some bleed internally and externally from their orifices and their eyes. This stage of the disease is when it is at its most contagious, when others come into contact with these secretions. Ebola is horrific because of the way it kills and because it is so highly contagious, so highly virulent, and there is no vaccine or cure. The only saving grace, if you want to call it that, is that it is transmitted solely through bodily fluids, rather than through the air. So far.

Ebola is named for the river in the Democratic Republic of the Congo near which it was first recognised in 1976. Since then, periodic outbreaks have emerged in Central Africa, but most peter out by themselves after affecting somewhere between a few people and a couple of hundred, or are stopped by within-country containment efforts. The 2014 version of Ebola was different, because unlike past outbreaks, it did not originate within a relatively distant, forested region, and it broke out at the crossroads between three countries instead of within the boundaries of one. It seems to have started with a two-year-old boy (‘Patient Zero’) in south-eastern Guinea, near the borders of Sierra Leone and Liberia. How this unfortunate child acquired Ebola is not known, but some contact with contamination by fruit bats is suspected, given what epidemiologists now think the animal vector is (see the spillover discussion below). However Patient Zero got the disease, it quickly spread to members of his close family; then, during the funeral for the boy’s grandmother, mourners contracted it and took it back to their towns, distributed over several communities in the three countries, and spread the disease across the countryside, in hospitals, in the roads of villages, in the markets, and in buses, cars, trucks and planes.

At this point, nobody has any idea how many people are actually sick or have died, in part because locals are still actively hiding their illness, and their dead. Brave hospital workers have taken an inordinate share of the burden, but for their efforts they have been attacked by the families of the infected, because people fear that once an ill person goes to the hospital, they will not come home. Indeed, many think that their loved ones acquire Ebola from the hospitals or clinics. Some people, in a desperate attempt to ward off the disease, have turned to traditional healings and rituals, shunning the hospitals and health-care workers and their protective, but scary, hazmat suits, face shields and gloves.

This 2014 outbreak, at this writing, is still raging in western Africa, where it has infected an estimated eighteen thousand people, causing death to almost eight thousand of them. While the disease continues unabated in Sierra Leone and Liberia, interest and funding from Europe and the US have declined precipitously. But this particular outbreak of Ebola may never really stop. Courtesy of our connected, ‘advanced’ world, the disease has taken hold, and now, after months of reading about somebody else’s problem – the infected, dying and dead people in remote lands – authorities are announcing that the disease is nowhere near contained. The very important reality now is that a single plane ride from the Central African nations where Ebola reigns can land a traveller in any one of thirty-five countries – and as we have already learned, just one more flight can get an ill passenger almost everywhere else. Because of that, the 2014 Ebola outbreak rapidly grew into an international health emergency. Infected passengers landed in other parts of Africa, the United States, Europe and the Middle East. International rules limiting travel out of the affected countries and particular areas within them, or defining ‘cordons sanitaires’ – areas from which no one can leave – were not the solution some had hoped for. These cordons are usually defended by the military, and they conjure up images of the Black Death of medieval times. They incite fear and panic within them, are difficult to manage, and actually limit the critical supplies of medicine, food and water needed to stem the disease. The last time such measures were used was in attempts to fight a typhus epidemic during World War I.

Such stories are destined to become more common, given the increasing spillover of new diseases from remote places and the fact that travel is a normal part of life nowadays, taking people and freight – and pathogens and disease – to and from the farthest reaches of our globe. In the future the number of trips will only increase, because more people from more places want to travel, and are gaining the means to do so. Two-thirds of the population of developing countries are projected to take a foreign trip by the year 2032, while in the developed world, per capita travel already exceeds one foreign trip per year. From 1970 to 2013 the number of airline passengers increased from about 310 million to over three billion, or a steady 1 per cent per year over more than forty years. The reality is, each trip a person takes increases the likelihood of transportation of a parasite, an infection in an animal, a plant or a human, and thus increases the probability of a novel emerging disease. Now, pretty much everybody is part of the emerging disease problem, which means we can no longer write it off as a third-world problem.

In fact, developed countries are actually the principal players in helping novel diseases to emerge and spill over into humans, because we are taking over more and more previously little-utilised land, especially in places where the disease load is heaviest. Those places, as we saw in our studies of disease load in the Costa Rican bats, happen to be in equatorial forests, places like the Amazon or remote Central Africa. These are not only the last vestiges of green wilderness on the planet, they are also the places where we are relentlessly cutting down trees for timber, or to make way for crops and cows, or to mine precious metals and minerals that are getting scarce elsewhere. As such habitats are coopted for human use they become less suitable for other species, resulting in population declines of native plants and animals, and concentration of the survivors in small pockets right next to where people live. Those species’ parasites and pathogens also concentrate in the shrinking suitable habitats that remain, which in turn increases rates of infection and the probability that the resulting diseases may ‘jump’ to other species. Like us.

The tropics harbour the highest diversity of infectious diseases and parasites for a very good biological reason. Disease-causing organisms – bacteria, viruses, parasites, fungi – conform to the same controls on biological diversity that other species do: there are more species, with more genetic diversity, near the equator, and biodiversity declines towards the poles. In fact, the diseases of the temperate zones are actually nested subsets of those found in the tropics. This pattern of greater biological diversity near the equator is one of biology’s most well-known patterns, and results from such controls as more effective solar energy in those regions, less variation in temperature, older ecosystems that have given evolution more time to create species, and simply more geographical area, available over longer geological time, for evolution to fill than in more temperate regions.

It’s for that reason – that pathogens and parasites are doing just what you’d expect given the latitudinal gradient of biodiversity – that you can’t just write off the prevalence of disease organisms in the tropics as being due to the fact that many low-income countries with poor health-care systems are clustered around the equator as well. Even when you control for economics, the tropics are still home to the most pathogens and parasites. There’s no getting around the fact that the real problem is simply that the highest diversity of disease-causing organisms just happens to be in the same places where people are now penetrating and removing virgin forests or otherwise transforming the world’s few remaining natural landscapes, bringing more people in contact with disease organisms they haven’t had to worry about before. And given business as usual, that will only increase over the next couple of decades.

Just this ecological encroachment – let alone the multiplier of climate change, which we’ll talk about a little later in this chapter – makes it highly likely that we’ll see an increase in cases of infectious diseases we already know about, and the emergence of some new ones in places where we aren’t used to seeing them. And the spillover of disease from one species to another will be a two-way street. Not only will humans be picking up more diseases from coming into closer contact with animals that we now live apart from, but other animals and plants, some of which people depend upon for food, shelter or cold hard cash, will be picking up more diseases from us.

Let’s return to the tragedy of Ebola to see how the spillover effect works both ways. Ebola is a member of the family of filoviruses, lethal haemorrhagic fevers that infect humans and some wild mammals, including gorillas, chimpanzees, macaques and pigs. Of the five identified species of Ebola, three have been associated with disease in Africa, and the other two were found in the Philippines and China. The spillover from wild animals to humans sometimes occurs from handling dead infected animals from the forest, which happens frequently, because the hunting of ‘bush meat’ is still common practice among many African communities, for whom it supplies much of their necessary protein. Early on, it was thought that Ebola jumped from gorillas or other large animals to humans in exactly that way. But with more study, a gorilla reservoir for the disease made little sense. When gorillas get Ebola, they die at even higher percentages than humans do. A 2003 outbreak in the Democratic Republic of the Congo killed 114 people, but the same outbreak killed eight hundred western lowland gorillas in the same region, or two out of every three that lived there. By 2005, tens of thousands of gorillas in that area had succumbed in a catastrophic die-off that killed 90 per cent of the population, with a mortality rate of up to 97 per cent. The strong social connections within gorilla families – just like in human families – probably heightened infection rates, but mortality in the gorillas was much higher than in humans. Which meant it probably wasn’t the gorillas that were harbouring the virus; they, like humans, were probably victims of the spillover from some other species.

That other species may well have been bats. We now suspect bats as likely sources of Ebola spillover because experimentally, when inoculated with a high Ebola viral load, they do not get ill. In addition, scientists have found genetically diverse strains of filoviruses (not yet Ebola, however) circulating within and between bat populations. These features of bats and Ebola are consistent with a long-term evolution of the virus, which would also be promoted by the extraordinarily large numbers of individual bats and bat species. If bats are the reservoir, the spillover to humans could occur from eating fruit contaminated by bats (with their saliva, urine or faeces), or from spending time in mines or caves frequented by bats. It’s not hard to imagine gorillas eating contaminated fruit as well.

Nor is it hard to imagine gorillas catching the virus from humans, rather than the other way round. We know that tourists frequently infect mountain gorillas in Virunga National Park in Rwanda with respiratory diseases, as do the people who live in nearby communities. Not used to these human colds and flu, the gorillas get very sick, and some die. This is bad not only for the gorillas, but for the people who live around them, who depend on ecotourist dollars to fuel their economy. The present Ebola outbreak has already impacted tourism to Africa. Estimates so far this year suggest that safari bookings are down by 20 to 70 per cent, even in parts of the continent thousands of kilometres to the south and east of the outbreak in western Africa. The World Bank has estimated that losses to Africa will be three to four billion dollars, and if the virus spreads significantly beyond the borders of Sierra Leone, Guinea and Liberia, they could mount to $32 billion.

Another spillover example is HIV/AIDS, a disease that has emerged just in our lifetimes and that shows how bad things can actually get, and how fast. HIV/AIDS was first recognised in humans in 1981. Before that, you might have worried a little about contracting easily treatable sexually-transmitted diseases like gonorrhoea or syphilis, but you didn’t have to worry too much about dying from making love. But that all changed almost overnight. As with Ebola, the species from which HIV/AIDS spilled over into humans was elusive for a long time, but it is now thought to be the result of people hunting chimpanzees in tropical Africa. Unlike Ebola, HIV/AIDS is probably the result of a single spillover event. Since that unfortunate day, over sixty million people have become infected with HIV/AIDS, and over twenty-five million have died. It is the second leading cause of death from communicable disease, after respiratory infections, in adults in developing countries, and by the year 2020 it is projected to be the cause of 40 per cent of all global infectious disease. Treatment costs now are in the tens of billions of dollars, and that doesn’t account for the lost productivity of the working population. In sub-Saharan Africa the disease has devastated the age structure, so that half the population of those countries is now under the age of fifteen. Life expectancy there is fifty-six years (compared to Japan’s eighty-four years, or Italy’s and Australia’s eighty-three), and we have almost certainly not even witnessed some of the most critical long-term effects of HIV/AIDS, which are not apparent until you look back in time. Among the things the world has lost in those places is the wisdom of the elders, the tempering hand needed for stable societies. So HIV/AIDS may well play a hand in stealing societal stability, as well as in stealing tens of millions of individual lives.

It may be tempting to say, well, let’s just get rid of the animal vectors of these horrific diseases. But eliminating the sources of disease in the wild is not an option. Take for example bats, the suspected spillover source for Ebola and clearly harbouring the diseases we found out about in Costa Rica. Killing bats would just lead to a whole new set of problems, including the likelihood of actually increasing, not decreasing, pathogens and the unravelling of the beneficial services bats provide to us. As was pointed out at the beginning of this chapter, bats are vital members of the global ecosystem, which means they are vital to us. We mentioned that they pollinate plants – indeed, more than 450 economically significant plants including mangoes, peaches, avocados, wild bananas and agave, which is, incidentally, the source of tequila, depend on bat pollination. Bats also disperse the seeds of plants that produce food and medicine, and their guano has served as an exceptional fertiliser for over 150 years.

More to the point when it comes to infectious diseases, 70 per cent of the 1,100-plus bat species eat insects. A single individual can consume over a thousand mosquitoes in an hour. This ‘ecosystem service’ is critical, because mosquitoes – some three thousand species of them – spread their own version of disease carnage. And those are diseases we really have to fear. Mosquitoes transmit diseases that infect three hundred to five hundred million people each year, and kill more than a million – far more than the infections and deaths from Ebola since it was recognised in 1976. To put it in perspective, by December 2014, on average one person had died of Ebola for every seventy-eight thousand who succumbed to malaria. But that’s not a statistic that usually makes the news.

Different species of mosquito carry different diseases. For example, Aedes aegypti, originally from Africa and now found in tropical and subtropical regions globally, carries yellow fever, dengue fever and chikungunya (we’ll say more about this disease later). The mosquitoes responsible for carrying malaria, which results in over six hundred thousand deaths per year, are species in the genus Anopheles. These scientific names can sometimes be revealing: Anopheles is Greek for ‘good-for-nothing’, a sentiment you can probably sympathise with if you’ve ever been in heavy mosquito country. More than 450 species of Anopheles have been recognised, over a hundred of which can transmit human malaria, several of them being resident in northern temperate latitudes.

Malaria is a prolific killer. Historically, it was a big problem in China, India, the United States and Europe. In China and India, malarial fevers were written about thousands of years ago, and some accounts implicate malaria in the death of Alexander the Great. In Europe, malaria has waxed and waned over the past millennia. Some authorities suggest a particularly severe form of the sickness contributed to the fall of the Roman Empire in the fifth century AD, and malarial fevers (‘the ague’) were cited by Chaucer and Shakespeare during the fourteenth and sixteenth centuries respectively. European explorers and their slaves gave malaria to American indigenous populations when the infected intruders infected the resident Anopheles mosquitoes, which then infected the indigenous people. Many of those indigenous Americans succumbed to malaria and other diseases such as smallpox well before they were engaged in war by Europeans. Malaria had taken a strong hold in the United States by the mid-eighteenth century, and by 1870 it caused at least 14 per cent of all deaths, primarily in the south and east. And westward expansion brought malaria right along with it. By the middle of the nineteenth century, one in ten people worldwide could expect to die of the disease.

Such mosquito-borne diseases limited what people could do in many parts of the world for a long, long time, even slowing down the building of one of the world’s most important economic routes, the Panama Canal. The canal today sees the passage of 70 per cent of all cargo imported to the United States and 5 per cent of all global seaborne trade, and the fees it generates earn almost $1 billion annually for Panama. The Canal Zone sits at the same latitude (8°N) as, and just two hundred miles east from, where we were trapping bats in Costa Rica, so the mosquito problems people were facing there a century ago resonate. During the early building phase around the turn of the twentieth century, the French lost over twenty thousand men, mainly to mosquito-borne diseases. So when the United States took over, it was regarded as an essential part of the mission to kill mosquitoes. Liz’s grandmother, Anne McKell, gives some inkling of just what that involved. In 1917 Anne’s father was on military assignment to the Panama Canal, which had opened in August 1914. Then a child of ten, Anne and her brother David spent a lot of time playing in the forest. And mosquito control was still on everybody’s mind, as her later memoirs bring to life:

When Daddy had leisure he took us for walks down the peninsula. The beaches there were sand, and the color effects were beautiful. There were the ever-present palm trees, hanging orchids, birds and butterflies flashing back and forth. I still remember the terrible glare as we came out of the shady jungle. There were trails Daddy knew through the jungle. You couldn’t see the sky, but the huge blue butterflies and others would fly, in contrast to the green of the jungle. Underneath was not so pleasant. There were large crabs with blue legs and a profusion of small red crabs with black legs. Sometimes one would be smashed and there would be a mass of black ants. Eventually the trails would emerge into intense sunlight with white beaches. The sky was usually a brilliant blue. Of course being in the tropics there could be heavy rain[storms], but for some reason I can’t remember them, except for the sound, a roar, they made on the tin roof of our house … It took constant vigilance, [but] the Americans had just finished conquering yellow fever. On our walks in the jungle we would find every puddle of water covered with black oil to kill the mosquito larvae. There would be natives with containers around their necks squirting the oil. If you found a mosquito in your house you were required to phone the dispensary and a man would come out, catch the mosquito alive and take it to the lab. Anyone who went out after dark had to take quinine.

Even so, well into the 1940s, hundreds of Americans were infected in the Canal Zone, and many died. The two world wars brought a renewed assault by the disease. During the First World War, about 80 per cent of the French army in Macedonia was hospitalised with malaria, and more than 160,000 British troops there were so sick from the disease that they were admitted to hospitals in the two years from 1916 to 1918, in contrast to approximately twenty-three thousand killed or wounded in battle in the same area during that time. In the Second World War, half a million US soldiers were stricken by the disease’s debilitating high fevers, and over sixty thousand of them died. Malaria became so common that soldiers referred to the Anopheles mosquito as ‘Ann’ (we would be curious to know how Liz’s grandmother felt about that). Later, thousands of American soldiers were infected in the jungles of Vietnam and brought the disease back home, reviving the nation’s anti-malaria efforts. Just what a killer malaria actually was, and is, jumps out from a simple statistic: adding up all the wars the United States fought in the twentieth century, malaria killed more troops than were killed by bullets: the US military has called it ‘Enemy Number One’.

All of which makes you realise why it was such a high priority to develop drugs to combat malaria, and to attempt to eradicate it inside US borders. That was finally accomplished by the heavy use of insecticides, primarily DDT, and in 1951 the US declared itself malaria-free. Similar measures resulted in the elimination of endemic malaria in Europe by 1975. Even so, thousands of malaria-infected travellers still enter the US and Europe every year, enabling malaria to re-infect resident mosquitoes. Up to now, aggressive mosquito control has prevented the re-establishment of the disease, but our future may well be very different.

Malaria and its vector, the mosquito, are poised to stage a comeback. Not only has our ability to control mosquitoes been hampered by their rapid evolution in just over a decade to resist insecticides, but our ability to combat the disease itself has been compromised by the rapid evolution of the parasite as well. Several of the malaria species that commonly infect humans in the Old World tropics have evolved resistance to antimalarial drugs, and the interaction, or cross-resistance, to one drug often confers resistance to another.

And then climate change comes into the mix. Mosquitoes are one of the disease vectors with the highest species diversity in the tropics: over two thousand identified mosquito species are found near the equator, dropping rapidly to below two hundred species by 50°N or 50°S. Besides malaria, tropical mosquitoes carry such debilitating diseases as West Nile virus, dengue fever, yellow fever and others. Given patterns of global climate change, the habitats for these disease-bearing mosquito species are spreading far and wide. In 1999, for example, West Nile virus first became established in New York, and proliferated there due to an unusually warm, dry spring and summer that probably concentrated mosquitoes and birds, which the disease also infects, around shrinking water sources. More and more mosquitoes bit and infected more and more birds, building up the frequency of the virus in the mosquito and bird populations. The same mosquitoes then bit people, and within six years the virus had infected people across the continent. To make matters worse, climate change is implicated in both the geographic and seasonal expansion of the virus. As we write this, our local newspapers are once again reporting that people are falling ill from West Nile virus in our California community, which now happens every summer – the disease first reached us just five years after it made its debut in New York.

Travelling in South Asia, Central America and tropical South America and Africa, we just accept mosquitoes as a daily threat. The rooms we sleep in have mosquito nets or plug-in lamps that emit chemicals nasty enough to kill the annoying little buzzers. Even on hot days we wear long sleeves, and we always use insect repellent. We keep our yellow fever shots up to date, but vaccines aren’t available for malaria, so if we’re in a place where it is rampant, sometimes we take prophylactic drugs – some of which have the known side-effect of literally driving you crazy. On returning home to California, we’re always grateful that we don’t have to take these precautions there – yet. But it’s beginning to look as if sitting on the porch as the sun goes down will soon be a riskier way to spend the evening even in the United States.

Just how persistently these mosquito-borne viruses are knocking on the door is becoming all too evident, and not only West Nile virus. The march of mosquitoes out of the tropics, carrying the diseases they infect us with, is one more illustration of the potency of the interaction effects magnifying global problems. In this case it starts with people travelling more and more from one part of the globe to another, a byproduct of our interconnected global trade system. Business travellers and tourists visit tropical places and then return home, goods are shipped from tropical to temperate areas, and so on. Mosquitoes hitchhike in planes or shipping containers, or travellers who were infected in far-flung places bring the pathogens home, and the resident mosquitoes then pick up the parasites or viruses and pass them on. In the past this was less of a problem, because the climate in temperate regions wasn’t right for the hitchhiking tropical mosquitoes. But, as we’ve seen with West Nile virus, that’s no longer the case. As things have warmed up, the range of places those disease-carrying mosquitoes can be happy is increasing. Computer modelling of their climate-triggered range expansions show that they are likely to continue expanding into higher elevations and higher latitudes that will soon – or that already – have the temperature and precipitation required for them to thrive. All that’s needed now is for new viruses to show up in those expanding mosquito populations, and then, just like West Nile virus, another new disease will be jumping into millions of people who have never been near the tropics.

Unfortunately, that scenario is already playing out with a crippling disease called chikungunya (‘chi-kun-GOON-ya’), which in the Makonde language means ‘that which bends up’. The disease’s other name is break-bone fever, which sums up how bad it makes you feel. Chikungunya causes intense, crippling pain in those infected, for days, weeks – even the rest of their lives in some cases. There is no known treatment except painkillers. It is carried by the aggressive Aedes mosquitoes, two species of which are already resident in the United States: Aedes aegypti, of yellow fever and dengue fever fame, probably came during the slave trade, and again across the Pacific from Asia. Another species, the big, stripy Asian tiger mosquito Aedes albopictus, apparently caught a ride on a plane or in a shipping container and ended up settling in North America about 1985. It’s also resident in Europe now.

Tiger mosquitoes are known to host twenty viruses that cause disease in humans, including dengue fever and West Nile virus – and also chikungunya. They are particularly dangerous disease vectors because, although they love living near and biting humans, they are cosmopolitan in their tastes. An individual mosquito will bite birds, other mammals and usually more than one person. So all that different blood, with all those different species’ and individuals’ parasites and diseases, gets nicely blended in the mosquito’s digestive tract. And then the mosquito spits all that disease into you.

Once tiger mosquitoes arrived in North America, they quickly spread to twenty-five south-eastern and central states, helped along by the used-tyre trade; they are hardy, breeding in the tiniest pools of water, including dribbles that tend to persist in old tyres after rain, or that accumulate from the dew. Just recently, tiger mosquitoes have also made it to several counties in California, spreading from shipments of the popular houseplant ‘lucky bamboo’ from Asia, and they are thriving in their new homes – ‘lucky’ indeed. It seems only a matter of time before the species colonises most of North America, given the warming climate that will allow it to further expand its range out of its present strongholds. So the mosquito is ready; all that is required to make us miserable is for the chikungunya virus to become a persistent ingredient in its disease-vector spit-brew.

Which we are now seeing happen. In the winter of 2013–14 we had our first inkling of things to come. Headlines from the Caribbean started trickling in describing people suffering from chikungunya, which had never been seen there before. First documented in sixty-six people from the island of St Martin in December 2013, the disease was already infecting people in four other islands by January 2014. It spread like wildfire, jumping from island to island, and had infected more than a million people across the Americas by the end of the year.

The geographic spread of the 2014 chikungunya outbreak was extraordinary, facilitated perhaps by the involvement of at least two species of mosquito that could transmit the virus, and by the frequent travel of people between islands and mainland North and South America. By the end of 2014, chikungunya was resident in the Caribbean, Central America and several countries in South America. In the United States it has been diagnosed in more than five hundred travellers from the Caribbean, from all but four of the lower forty-eight states (as of 21 December 2014). Florida has documented several cases of locally acquired chikungunya, which means that some mosquitoes living there bit someone with the disease and became infected. Now they carry chikungunya, and can give it to anyone they bite. Which means that it is only a matter of time before most Americans will be faced with protecting themselves, day and night, against this debilitating disease that has just arrived, and others that both native and invading mosquitoes will be bringing in the future. That future, of course, is not only an American one – it’s the same story globally.

So here we are, a century after Liz’s grandmother was told, as she stepped around oil-filmed pools and reported mosquito sightings, that the US Army had ‘conquered’ yellow fever along the banks of the Panama Canal. But the real lesson of that narrative is that conquering disease is at best a short-lived victory. Yellow fever and malaria are still rampant in the tropics, and we’re still fighting them. But now they’re spreading, as are other diseases that weren’t on the radar screen a century ago – like chikungunya and Ebola – and killer diseases that didn’t even exist in the human population back then, like HIV/AIDS. It’s an evolutionary arms race out there, with disease-causing organisms and vectors evolving and moving as fast as we think we’ve found ways to guard against them.

That’s always been the case, and always will be. What’s different now, though, and what is sure to characterise our future as well, is three important contributors to the spread of disease. The first is billions more people in the world, which means the encroachment of more people into places where disease has always lived but people didn’t – leading to increased spillover of new diseases for humans. The second is the already highly globalised world – more people travelling, and more goods being delivered from one side of the world to the other, which means that disease vectors and infections can spread at warp speed, compared to how they used to. And the third factor is climate change, which means disease vectors and diseases that are so abundant in equatorial regions will, more and more often, be able to thrive in northern and southern latitudes. All of that adds up to a heavier disease load in people. Which, if you recall the concept of Disability Adjusted Life Years (DALYs) from the previous chapter, results in millions more person-years lost to ill health, and mounting death tolls.

The take-home message here is that we’re not going to avoid the emergence of new diseases and the spread of many we already know about – there is just no way to override the basic biology of the situation, given the global changes under way and the speed at which disease organisms and vectors evolve resistance to our best efforts to kill them. So the best way to deal with the future of disease is to be ready to act fast when emergencies flare up – that is, expect the unexpected. This means a hitherto unprecedented level of international cooperation to guard against both the underlying causes of diseases, and when disease takes hold, to prevent its spread to pandemic proportions.

A key strategy in guarding against outbreaks in the first place is to stop the encroachment of people into the few remaining tropical forests and other such highly biodiverse areas; that is, stop converting such areas to logging operations, cattle ranches, mining camps and palm-oil plantations. This, of course, would have multiple benefits over and above minimising disease spillover; these same areas are where two-thirds of all land-based species on Earth live, so destroying them would also doom most species on the planet to extinction. (Clearly the extinction issue is a huge one, but we don’t dwell on it in this book because it has been well treated in two recent books: Elizabeth Kolbert’s The Sixth Extinction: An Unnatural History, Holt, 2014; and Anthony D. Barnosky’s Dodging Extinction: Power, Food, Money and the Future of Life on Earth, University of California Press, 2014.) Tropical and subtropical forests also remove an enormous amount of CO2 from the atmosphere and absorb it for photosynthesis, so for every acre we cut down, the greenhouse-gas problem gets worse; in addition, rainforests make their own rain, so to speak, therefore destroying them also turns what are now wet regions into dry ones. The international driver of the spillover problem, as well as all of these related ones, is the global markets that make destroying highly biodiverse regions profitable in the short term. Those markets could be altered by trading in the dollar value of ecosystem services, like carbon sequestration or ecotourism, which in the long run can generate much more revenue than one-shot deals like logging, or even converting forest to farm.

Another hedge against spillover may well lie in international efforts, funded by NGOs and developed countries, to help communities in the midst of spillover regions replace the necessary protein they get from bush meat with domesticated sources, such as poultry. Efforts to do this have already been begun in some African locales, but they take time, because a switch from hunting to eating shop-bought food involves a big cultural shift. It also involves facilitating an economic system that provides access to jobs and money. The extent to which globalisation, with its byproduct of moving people and goods around the world, helps or becomes part of the spreading-disease problem in such cases remains to be seen.

For diseases we already know are going to be a problem, like Ebola and chikungunya, it’s likely that vaccines or drugs to deal with the worst effects will eventually be discovered. In fact, vaccine trials for both are already under way. But, as we’ve seen with both diseases, vaccines just can’t be developed fast enough to stop them from taking a firm hold and becoming essentially everlasting problems. So, the key is preventing the rapid spread from their centres of origin in the first place. That is much easier said than done, but a helpful first line of response may well be, in places of known outbreak – likely to be in tropical countries – to emplace strict health screening in airports and other transportation hubs, and strict quarantine procedures before people get on planes, which also requires assessing and increasing their efficacy. These wouldn’t be popular with travellers or residents of infected areas, of course, and would involve a level of global bureaucracy that doesn’t exist yet, but that may well be the kind of world we’re looking at in the worst-case scenarios. Just how unpopular such necessities would be is illustrated all too well by a New York Times story on 20 August 2014: ‘Liberia’s halting efforts to contain the Ebola outbreak spreading across parts of West Africa quickly turned violent on Wednesday when angry young men hurled rocks and stormed barbed-wire barricades, trying to break out of a neighborhood here that had been cordoned off by the government’ (Norimitsu Onishi, www.nytimes.com/2014/08/21/world/africa/ebola-outbreak-liberia-quarantine.html).

For diseases like mosquito-borne illnesses, it’s all too tempting to attack the vectors as a first response. DDT worked extremely well for getting rid of the mosquitoes that cause malaria and yellow fever, for a while anyway, but as we saw in the previous chapter, it was not so great for almost everything else, causing all manner of environmental devastation. So the long-term solutions are probably going to lie in preventative measures: things like bug-repellant (not without its own health problems in some instances), long-sleeved shirts, sleeping under mosquito nets, and so on. These are relatively simple fixes, but they require a significant amount of international cooperation to educate people in high-occurrence regions, and also to provide the material things (like mosquito nets) that poor people need but can’t afford. And, for diseases for which vaccines and drugs are available, it will require not only international cooperation, but also a significant monetary commitment to get the drugs to the people who need them. These days, both can be in short supply, as illustrated by the lack of access to HIV/AIDS medications in many parts of Africa and other poor regions in South-East Asia.

Putting the information in this chapter together with what we’ve written about in the previous ones, you may be getting the message that international cooperation figures in the future of global health in a big way, and is not only a necessary part of the solution for dealing with new and persistent diseases, but for dealing with all of the problems we’ve covered. Unfortunately, world cooperation has not been going so well lately. Which brings us to a final problem: war.
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WAR

Liz, Rwanda, August 2012

Spending time with a gorilla family is an experience like no other I have ever had. They are enormous animals, and they are even larger than I expected once I am amidst them. When I gaze at them, their warm brown eyes look directly back at me, their stares penetrating. There is no doubt that ‘someone’ is in there. Our guide softly grunts to the silverback – he talks gorilla-speak, and can interpret the sounds the gorilla family makes – about food, about play, about us. I feel so safe, and I feel as if I am falling in love. That first day I was surrounded by several calm young ones and their mothers, a few younger males, and at least one very pregnant female. They were resting peacefully, females grooming females and the young ones wrestling. The silverback was lying down at the edge of the group with his head resting on his hand just like Rodin’s The Thinker. As his eyes wandered over the group he watched a curious baby that ventured near me, reaching out to touch me. The babies ran in loops up the vines and down again, supervised by their mothers. They played just like human babies play, only they were much more agile in the trees. At the end they collapsed, exhausted, into their mothers’ arms to be nursed.

I was reluctant to leave, because it felt so tranquil and protected and happy there. As I walked away I looked back, and saw that one of the gorillas had climbed a tall tree to watch us leave. I had no doubt about their intelligence, about the strength of their family bonds, about how gentle they were as parents – and about how powerful they could be if threatened.

But I was also moved by a sudden awareness that the silverback I had lain down next to had witnessed the genocide that had gripped this place only eighteen years before. He was most certainly alive then – his silver back and his size put his age at well over two decades – and judging by the signs of war that still marked his troop, he had probably seen people killing each other. He had almost certainly seen his black-backed brother maimed, now one-handed from being caught in a snare for bush meat. And like most humans in the country, that silverback had probably seen members of his family brutally killed during that terrible time: the gorillas were slaughtered just as wantonly as people, either for food or money, or out of blind anger. Somehow that knowledge, that this gorilla had had a front-row seat in witnessing man’s inhumanity to man and beast, made me full of despair. He was so gentle, so powerful, and he was one of the very last remnants of his species.

I had been pensive about Rwanda and the plight of its gorillas even as we were bouncing up the rough road into the Virunga Mountains where they live. I was a faculty guide on a Stanford-sponsored travel-study trip, trying to make sense of all I was seeing, wondering what the other travellers were feeling. One thing we were feeling for sure was lucky – lucky that we had never experienced the horror of the Rwandan genocide directly, and lucky that we were able to see the gorillas at all. There are only 880 mountain gorillas left in the world, half of them here in the Virunga Mountains, hanging on by the skin of their teeth and by virtue of the ecotourism dollars they generate for the surrounding communities. A maximum of sixty-four people are allowed to visit the gorillas each day, with only eight per group. Day and night, rangers closely watch the few gorilla families that tourists are permitted to see. Most of the rangers, like our guides, are former poachers, so they know the country and the gorillas well. They all carry guns, and memories. Our driver, a man of about forty, told us all but one of his siblings had been killed during the genocide. He now works with the people who murdered his family.

At the end of the road, we began our hike up the mountain, first across farms and through tiny patches of cultivated land next to mud-brick houses covered with tin. Most of the people here have no running water or electricity, and the outhouses in the middle of the fields are mobile, so that human waste can fertilise the potatoes. Soon we crossed a rock wall, built to prevent the elephants and forest buffalo from the protected slopes of the volcanoes of the national park, our destination, from trampling the fields. Elephants are rare now, but the wall still marks the boundary between cultivated lands and the wild. Just eighteen years earlier, though, there had been no boundaries at all when the people went wild. During the genocide the park was a battlefield. It was land-mined, men with machetes and guns roamed it, and tens of thousands of refugees streamed through the forest, searching for a way out of the country, a hiding place, and food and water. Keeping gorillas alive was the last thing on their minds. Then, it was all they could do to keep themselves alive.

We had flown into Rwanda two days before, fresh out of the wide-open, peaceful Maasai Mara in Kenya, and although I was excited about spending time among the gorillas in Rwanda, I was apprehensive about where I had to go to see them. I remembered reading about the Rwandan genocide when it was happening; I was pregnant with our first child, Emma, at the time, and on the cusp of bringing a new life into the world, it seemed inconceivable that people could descend into such savagery. Reading about it was one thing, but going to where it had actually happened was something else entirely. Coming in for our landing at Kigali International Airport, we flew over the old palace of President Juvénal Habyarimana, which is now a testament to his violent death and the ensuing chaos. As his plane approached the runway on 6 April 1994 it was shot down, and he and eleven others died as it crashed into the palace we were flying over. Pieces of the wreckage are still there.

What followed was madness. Twenty per cent of the country’s people were massacred in a few short months – a million souls. Another 40 per cent fled the country, running from the horrific things going on around them. The green countryside ran red with blood as neighbours dismembered neighbours. Killing gangs targeted women and children, and before death came repeated, brutal rapes and sexual mutilations of both men and women. Dogs roamed the streets and fed off human carcasses. The most difficult thing for me to understand is that murders were most rampant in the places where everyone knew everyone else, notably rural areas. I guess when you know everyone, it’s easier to identify exactly who you want to kill. I still don’t really understand how neighbours and families turned on each other overnight, how machetes made to conquer the forest ended up crushing a culture.

Before heading up the mountain to the gorillas, we had gone to the Kigali Genocide Memorial Centre, which records the horrors. It was hard to find words afterwards, difficult to even muster the energy to speak. Pieces of more than 250,000 dead people, all of whom had been interred in mass graves, are jumbled together there, stacks and stacks of skulls, ribs, leg bones, arm bones. The museum is a place of silence and reflection, and of pain. Photos of once-smiling people hang throughout, a poignant contrast to the recorded stories of survivors.

One of them was Eric. He was thirteen years old at the time. Here’s what he remembers.

In my search for a hideout, I found Jérôme, his legs cut off. I could not leave him in this state. I tried to lift up Jérôme so that we could leave together, but the car of the commune stopped near me. It was full of machetes and other instruments of death. I lay Jérôme down on the ground and ran because a man got out of the burgomaster’s car to kill me. He finished Jérôme off. I saw this when I looked back to see if anyone had followed me. I will never forget the way Jérôme’s face was filled with desperation. Whenever I think about it, I cry all day long.

It’s easy to say that Rwanda is in the past, that such terrible events could never happen again, and that they could certainly never happen on a scale that would affect you and your loved ones. Yet those survivalists we mentioned in the first chapter are still stockpiling weapons, food and water, getting ready for the next descent into chaos. Just how well-founded might their fears be, given all the dangerous trends we’ve pointed out in past chapters?

It’s worth taking a closer look at the lead-up to the Rwandan genocide to gain some perspective on that question. The specifics that lead up to every war are different, but the underlying pressures often show striking similarities: a history of cultural or religious differences among people living side by side; increasing numbers of people all wanting their share of something, either life’s basics like food, water, fuel or jobs, or life’s riches, like money, weapons or land; and the inability of the existing governments to make the situation any better. And in the lead-up to Rwanda, every one of these ingredients – grievance, need, greed, and lack of means to hold the bad things in check – was simmering in the cauldron.

The cultural rivalry was between the Tutsis and the Hutus. The short version of the massacre is that the majority Hutus annihilated about 70 per cent of the minority Tutsis in 1994. The resentments had built up over nearly a century. Colonialism played a role, as did religion, but the differences between the Tutsis and the Hutus were more about economics and class than about genetics, physical features, culture or heritage. Both groups share a Bantu origin. Tutsis were traditionally cattle herders, and Hutus farmers. Cattle being the currency of wealth in that part of Africa at the time (and still in many parts of Africa today), the Tutsis were regarded as the ‘upper class’, although Hutus could become Tutsis simply by acquiring enough cattle, at least prior to colonial occupation, first by Germany, then by Belgium. That social mobility largely came to a halt with Belgian rule, because of course the Belgians regarded themselves as the real upper class, and tended to favour those they regarded as the wealthier natives – the Tutsis – with appointments to government and other high-level positions. Hutus, who made up the majority of the population, basically became third-class citizens, which fostered simmering antipathies towards the Tutsis. As a result of the differences in religion and pressures from colonial rule, years of on-and-off social tension and violent skirmishes ensued. Thousands of Tutsis fled to neighbouring countries, enlisting the help of other refugees and locals in the training, education and support of rebel communities in exile. Hutus were killed, Tutsis were killed, and the grievances kept piling up.

At the same time, the population was skyrocketing, not only in Rwanda, but also in the neighbouring countries to which most of the Tutsis were fleeing: the Democratic Republic of the Congo (DRC), Uganda and Burundi. Between 1960 and 1990 the populations of Burundi and Uganda roughly doubled, and Rwanda’s nearly tripled. This put severe strains on food supplies: by 1980, pretty much all of Rwanda’s available agricultural land was being used, and although tiny, Rwanda became the most densely populated country in Africa. With the continued increase in population, the fields were hammered hard: crop rotation and fallow times were shortened, and the number of cattle per acre was increased. The result: depleted soil and diminished productivity. Another shortage was jobs – many young men had nothing productive to do, and to make matters worse, a quota system restricted Tutsi places in secondary schools, universities and the civil service to 9 per cent, which was the proportion of Tutsis in the population. That further fuelled the resentments between the two groups.

Further exacerbating the situation by the 1960s were widespread inefficiencies and corruption in the Hutu-dominated government, and continued attacks by Tutsi insurgents who often infiltrated from outside the country. In 1973 the instability at the top resulted in then-Defence Minister Major General Juvénal Habyarimana – a Hutu – overthrowing the elected president (also a Hutu), suspending the constitution and banning all political opposition. France also began to exert influence.

It was in this powder-keg that the genocide exploded. Rwanda had been in a civil war since 1990 or so. The minority Tutsis, who were then something like 15 per cent of the population, had been accorded some power-sharing by President Habyarimana, and a ceasefire agreement of joint governance led the majority Hutus to fear that the Tutsis were going to get too much power. At that point, the violent death of President Habyarimana catalysed ferocious anger and caused the madness to begin.

When Habyarimana’s plane was shot down (who was actually responsible is still unclear), people were scrambling for food, for jobs, for basic health services and for power, and there was nothing but lawlessness to fill the power vacuum left by Habyarimana’s death. The Hutus went wild and killed every Tutsi they could find. Tutsis killed Hutus. Another way to look at it is that Rwandans killed Rwandans.

Now, think about what’s simmering today around the world. Start by substituting other names for Hutu and Tutsi. Like Jew and Arab. Or Russian and Ukrainian. Or Shia and Sunni. Or, on a broader scale, try Muslim and Christian. Or black versus white, Mexican versus American. There are no shortages of cultural, ethnic and religious differences these days.

The flashpoints for war, just as in Rwanda, will be places where deep-seated cultural or religious rivalries, high population growth from varying combinations of increasing births and immigration, shortages of things people need or want, and insecure governments intersect. As we’ve seen in all the previous chapters, there are already many such places, and there will be considerably more by 2050 – in fact, almost everywhere if we keep going as we have been.

National defence strategists know this all too well. Which is why they spend considerable time thinking about these things. Not only strategists in the countries where the flashpoints are actually likely to ignite, but also in the superpower nations, which are looking to what the future will hold for people within their borders as well as throughout the world. The United States, in particular, takes those war-producing intersections seriously, because, for better or for worse, it is the US that is typically the first responder when conflicts flare up, and the world expects it to be. Reasons aside – and sometimes the reason is to protect national interests, other times it’s out of humanitarian considerations – the boots on the ground usually end up being military boots. As a result, at the top of the agenda for the leaders of the United States armed forces these days are most of the very issues we cover in this book: population growth, shortages of food, water, jobs and energy, and the rapidly changing climate.

We introduced the phrase ‘threat multiplier’ in Chapter 4, when we mentioned the CNA Corporation, the national defence think-tank with its headquarters right outside the Washington DC beltway. It was actually the CNA that coined that phrase, in explaining how multiple threats came together to add up to more than the sum of their parts. Glance back to Chapter 4, where we listed the members of the CNA Military Advisory Board, just to remind yourself that this group involves commanders of all four branches of the armed forces: navy, army, air force and marines.

Reading their report, and talking to some of the hugely impressive military leaders and national defence strategists who collaborated in writing it, highlights an interesting cultural dichotomy for us – the divide between people concerned with global change and, shall we say, less liberal-leaning constituencies. It also highlights that the issues that divide those two communities are less real than is commonly perceived. Both of us come from families with strong military ties: Liz’s brother flew helicopters for the army; her dad went through West Point and commanded troops in Vietnam, following in the footsteps of his grandfather, who battled across France during the First World War, seeing Germany from a hot-air balloon, and his father, who as a mobile hospital unit commander was on the front lines from Normandy to the Battle of the Bulge in the Second World War. Tony is named for an uncle killed on Iwo Jima in World War II, and his brother was a navy pilot whose son is presently a cadet at the Air Force Academy. Respect and deep love for one another notwithstanding, at family gatherings we find it best to be pretty careful. Conversations about environmental and population issues like those we write about in this book can all too easily go down the stereotypic path of the California touchy-feely science nerds versus the hard-core military realists. Yet here in a 2014 CNA report are hard-core military realists – commanders of every branch of the armed forces – worrying about the very issues we are, and mincing no words.

As the world’s population and living standards continue to grow, the projected climate impacts on the nexus of water, food, and energy security become more profound. Fresh water, food, and energy are inextricably linked, and the choices made over how these finite resources will be produced, distributed, and used will have increasing security implications.

… the projected effects of climate change … are threat multipliers that will aggravate stressors abroad such as poverty, environmental degradation, political instability, and social tensions – conditions that can enable terrorist activity and other forms of violence.

… The world has also become more politically complex and economically and financially interdependent. We believe it is no longer adequate to think of the projected climate impacts to any one region of the world in isolation. [CNA Military Advisory Board, National Security and the Accelerating Risks of Climate Change, May 2014, The CNA Corporation.]

That particular report focuses on the security risks of climate change, but makes clear that it is the threat multiplier effect that is the big worry: climate changes that exacerbate already looming shortages in food, water and energy within an overall context of rapidly growing populations, shifting political landscapes and unprecedented interconnectedness of countries. Stirring all of these things together in the same pot is what can boil over into war.

The report goes on to point out what is needed to avoid the worst-case scenarios: an end to what its authors call ‘stovepipe thinking’. Stovepipe thinking includes compartmentalising seemingly different threats – population growth, resource shortages, climate change – rather than recognising and anticipating their interactions. Stovepipe thinking also includes focusing only on what goes on within national borders, rather than appreciating the global ramifications of local events. The Military Advisory Board draws this analogy:

In the summer of 2001, it was, at least partly, stovepipes in the intelligence community and a failure of imagination by security analysts that made it possible for terrorists to use box cutters to hijack commercial planes and turn them into weapons targeting the World Trade Center and the Pentagon. Regarding these threats, the 9/11 Commission found ‘The most important failure was one of imagination.’… Failure to think about how climate change might impact globally interrelated systems could be stovepipe thinking, while failure to consider how climate change might impact all elements of US National Power and security is a failure of imagination. [CNA Military Advisory Board, 2014.]

Bottom line: using the best information available from all sources, connecting the dots between interacting pieces, and using our considerable human intellect to imagine plausible outcomes, is going to be what keeps us out of trouble. Interspersed throughout this book we’ve connected the dots, as have others, for several recently past and present societal flare-ups: the 2012 riots in Pakistan (Chapter 1), crises in the Sudan region (Chapter 2), the Arab Spring uprising that began in 2010 and ended up deposing leaders in four countries by 2013 (Chapter 5), Somalia (Chapter 5), Iraq (Chapter 6), and in this chapter, Rwanda. We’ve also presented a lot of information that makes it all too easy to use your imagination to see how the regional conflicts already under way will escalate as population continues to grow; as food, water and energy get even scarcer; as stovepipe thinking increases (in the sense of intense nationalism or only-my-way-is-the-right-way cultural or religious beliefs); as climate changes; and as governments become less secure in troubled parts of the world.

For instance, think about where the longstanding Israel–Palestine conflict could easily go. Fuelled by deeply entrenched cultural and religious differences, both sides have used women’s wombs as one of the chief weapons in their arsenals, as pointed out by Alan Weisman in his book Countdown (Little, Brown & Co., 2013). As a result, population density in Palestine as of 2013 was about 734 people per square kilometre – nearly twice that of Rwanda when it exploded (and today). In the Gaza Strip, it’s 4,661 people per square kilometre; even the more ‘lightly’ populated part of the country, the West Bank, crams in 481 people per square kilometre. In Israel it’s around 370 people per square kilometre. Both countries have increased their populations by nearly 25 per cent over just the past two decades. By 2035, the Palestinian population is projected to increase by 60 per cent, the Israeli population by 40 per cent. Assuming the religious differences persist, which is a virtual certainty, the Jewish majority will no longer be decisive by 2035, when Jews will comprise about 53 per cent of the region’s population.

Which means opposing factions and armies will be much more equal in terms of numbers. Especially in Palestine, the population pyramid is weighted by a large proportion of young people, unemployment is high and is likely to remain so, and competing factions fight for control of the government. Those things add up to a recipe for disaster on their own. Now take into account that all this is going on in a desert landscape. Water is already limiting. To grow food, Israel has diverted most of the Jordan River to irrigate the desert, with the usual problems of decreasing soil productivity as water evaporates leaving salts behind, and contaminating the water that returns to the river so that – again from Weisman’s book – the place where Jesus purportedly bathed will now give you a rash, and if you drink the water, it will probably make you vomit.

And then comes climate change, which, for that part of the world, already water-stressed, is predicted to decrease water availability even more, and decrease food-growing capacity. Temperature is anticipated to rise about 0.3°C–0.5°C per decade (about 0.5°–1°F), precipitation to decrease overall but to fall as heavier, sometimes flooding storms, separated by longer droughts. Meaning, water issues aside, that more food will have to be purchased on the global market, which means economic hardship.

It also means more energy will be needed, both to pump water and to cool down buildings. Assuming the vast majority of the energy supplied to the region is from fossil fuels – which is likely, since that is the case now, and because Israel is just beginning to exploit newly-found natural gas reserves – more hot, still days will also mean more days when thick brown haze hangs in the air.

At the same time that the need for energy increases, energy costs for the region are likely to go up significantly, assuming no major changes in transforming the energy sector. Right now Israel controls almost all of the energy used in Palestine as well as its own, and the vast majority of that energy comes from fossil fuels purchased from outside the country. Even with further development of Israel’s own natural gas fields, imports from other countries will remain necessary to fulfil much of the region’s need for fossil fuels, especially considering how much adding tens of millions of people to the region will increase energy demands. As a result, more Israeli shekels will go to oil-producing countries instead of circulating through Israel and Palestine. More resentment will accrue if the increased costs of and demand for energy in the region also result in a reduction in the proportional allotments of Israeli-controlled energy to Palestine.

Overlaid on all these considerations, of course, is a long history of terrorism in the region in general, and emanating out of Palestine in particular. The seesaw of power within Palestine over the past decades, between Hamas, condemned as a terrorist group internationally, and Fatah, with roots in the Palestine Liberation Organization, is still shaky today. This has made it all too easy for radical factions to take matters in their own hands, in the form of suicide bombings and other random attacks on innocents to make political statements.

As they were in Rwanda, all the pieces are in place: animosities accumulated over generations, population growth, shrinking resources, a longstanding imbalance in the power structure that many people would like to see overturned, and factionalised government. To make it even more serious, the Israel–Palestine conflict also has some circumstances in place that were thankfully missing in the lead-up to the Rwandan genocide: nuclear capability, well-organised terrorist factions, and a setting in the midst of a broader region beset by similar problems. Bordering to the north is Lebanon, to the east are Jordan, Syria and Iraq. To the west and south are Egypt, Sudan and South Sudan, and next to Egypt is Libya. All of these countries are already showing signs of unrest, with factionalised populaces and precariously balanced governments. And, like Israel and Palestine, the changes coming down the road – population growth, and water, food and energy shortages exacerbated by climate change – are only going to make things worse if current trends continue.

It doesn’t take a whole lot of imagination to see some very bad outcomes here. As a matter of fact, we pretty much laid one of them out for you in Chapter 1. Let’s change the focal point from Egypt, where we started the war in Chapter 1, to the Israel–Palestine conflict. Here’s one scenario. As the Palestinian population reaches critical mass to balance the numbers of Jews in the region, they demand more from Israel. Israel refuses, in part out of philosophical entrenchment, in part because it simply no longer has the resources to deal with so many people: the rains are less frequent, the soils are less productive, and the cost of oil, coal and natural gas has gone up as hundreds of millions more people – actually, over a billion more if we are talking about the year 2035 – worldwide are also demanding more energy in the global marketplace. One hot summer, nerves get frayed, resentments boil over, and Palestine steps up its terrorist attacks, killing many Jews in Jerusalem and Tel Aviv. Israel, in retaliation, unleashes destruction on the West Bank and the Gaza Strip.

Meanwhile, things are also tense in Egypt, Sudan, Lebanon, Jordan, Syria and Iraq. The same water, food and energy shortages that caused things to deteriorate in Israel and Palestine were also hitting hard throughout the Middle East. Islamic State was able to expand its influence through the 2020s, because the superpowers had been struggling to fulfil domestic expectations in a world where everything was getting scarcer, and had less will and fewer resources to engage in international support efforts. So, region-wide, the news of so many Muslims brutally killed in Palestine enrages Sunni and Shia alike, even in Jordan and Egypt, countries that have long been allies of Israel. It’s the Sunni-dominated Islamic State that retaliates. Working with terrorist networks in Iran and Russia, it’s been able to assemble a dirty nuclear bomb. Part of Jerusalem goes up in a brown mushroom cloud.

It’s the last straw; Israel unleashes part of its nuclear arsenal on Islamic State strongholds in Syria and Iraq, and, having caught wind of Russia and Iran’s involvement, also launches air strikes on Tehran and the Chechnyan city of Grozny. Russia, incensed at the attack on its soil and in support of its oil-trading partner Iran, sends ground forces into Israel after first bombing it, and aims some of its warheads in the direction of Israel’s ally, the United States. Russian troops and military aid also pour into Iran.

The United States, suddenly seeing a threat both from Russia and to the flow of oil from the Persian Gulf, aims its own warheads at Moscow and quickly works out agreements with Saudi Arabia and Kuwait, still its allies, to expand its military presence there, as well as re-invading Iraq to try to quell the Islamic State activity. The United States, Russia and the Middle East countries scramble into the Persian Gulf to gain control of the oil-shipping lanes. The European Union, caught geographically and philosophically in the middle, remembers the carnage of the Second World War, and tries to stay out of it, acting initially as a diplomacy broker. But still, France and Germany condemn Israel’s bombings, straining relationships with the United States. In London, Paris, Amsterdam, Berlin, Vienna and Rome, suspicion and intolerance grow, as European-born residents and recent immigrants from the Arab nations take sides. The United Nations is conflicted, with some members coming down on the side of Israel and the United States, others arguing that the Arab nations and Russia are in the right.

Meanwhile, competing religious and philosophical factions take advantage of the situation in Saudi Arabia, Iraq, Syria, Yemen, Egypt, Libya, Sudan and South Sudan, and civil wars break out. The whole region descends into chaos. Because the populace is bottom-heavy with young people, child soldiers, bereft of experience and hope, roam the streets with automatic weapons and knives, looking out only for themselves. Terrorist groups move into the power vacuum, gaining many new recruits. Islamic State sympathisers, already sophisticated in their strategic approach, seize the opportunity to execute a coordinated attack they have been planning for years: all on the same day, bombs in the subways kill thousands in New York, Washington DC, San Francisco, London, Madrid and Rome.

Americans are incensed, and in a blind rage, many grab their guns and form vigilante groups that go after anyone who looks as if they could be Muslim – that is to say, pretty much anyone with dark hair and darker-than-white skin. In Europe, guns are harder to come by, so clubs and knives are the weapons of choice. Riots ensue, blood flows in the streets, social order breaks down, and the survivalists are in their element. Responding to strong public pressure, the United States government launches air strikes at the targets it believes responsible for fomenting the terrorist attacks: the Islamic State strongholds in several Middle East countries. The European Union jumps in, although there are splits within its ranks. The hits on the Middle East targets are shattering, killing many Russian troops in Iran as well as many Arab civilians there and in other countries. The Russian loss of life further polarises the two superpowers, which by now are poised for all-out nuclear war. The other nations of the world choose sides, based on which of the two superpowers they depend upon most for their economic well-being and such essentials as food and energy.

Meanwhile, China, yet another superpower, stays out of the fray and continues building inroads into places like resource-rich regions of Africa, South America and strategic parts of the Himalayan region. Its investments in infrastructure and business relationships in Central Africa – the DRC, Rwanda, Zambia, Zimbabwe, Angola, Burundi – are paying off. China has positioned itself well to benefit from the population explosion in Africa. With Chinese investment and technology, living standards in parts of Africa have increased just enough to provide buying power for many Chinese goods, bolstering China’s economic growth. And Chinese, eager for new opportunity, have emigrated to Africa in droves, further staking their claim on resources there. Even so, the overall number of hungry people in Central Africa has increased since the beginning of the twenty-first century, leading to growing social unrest in that region too, so China has its own problems to manage. China by 2030 is less worried about the Middle East oil market than most, because, tired of the pollution that clouded its cities in the 20-teens, it has aggressively ramped up clean, renewable energy like solar and wind power, and has met its oil and gas needs by cutting deals with Mexico, Venezuela and Canada while phasing out dirty coal. Nevertheless, China knows it is just a matter of time before it has to come down on one side or other of the world conflict, because it needs natural gas from Russia, and also relies on imports of grain from the United States and its allies.

That’s the kind of world we could be looking at within twenty years. Just how plausible is such a scenario? Pretty plausible, when you take into account what’s already happening in the world. You can vary the specifics quite a bit and still come up with the same general story. Maybe the trigger point won’t be Israel–Palestine. Maybe it will be Egypt and Ethiopia fighting to control the Nile. Or Pakistan and India making a grab for the dwindling water flowing out of the Himalayas as the glaciers finally disappear. Or maybe it will be climate refugees – or simply a steady stream of people in need of food, water or jobs surging across a national border because they can’t get basic necessities in their country of origin, angering the longer-term residents by their different religions and their willingness to work for less pay. All of these dangerous scenarios, and many more, are already in the early stages of playing out today.

Need proof? Just look to places like Arizona, where vigilante groups have already formed in response to the influx of illegal immigrants surging across the Mexican–American border. Self-appointed gangs, often dressed in camouflage and sporting night-vision goggles, and always heavily armed, now roam the border region, stopping people they suspect of illegal immigration at gunpoint, raiding their homes and killing them. And as for the long-term views of superpowers today, while the United States is paying attention to and trying to mediate the flare-ups in Middle East hotspots, and Russia is making a grab for Ukraine, China is quietly and persistently investing in resource-rich places like Central Africa, South America and Nepal. In Rwanda, which has only five cars per thousand people – among the fewest in the world – wide highways built with Chinese funds stretch into the resource-rich DRC, which has untapped ores worth an estimated $24 trillion. In South America, China recently inked an oil deal with Venezuela, and is considering building a pipeline to carry Colombian crude to the Pacific coast. In Nepal, where much of the Himalayan water that quenches India and Pakistan’s thirst originates, China gives the bordering Nepali villagers special ID cards so they can cross the border and buy from warehouses filled with Chinese goods. Access is via Chinese-funded roads that extend from the border and peter out a few miles inside Nepal, also providing a thoroughfare for illicit timber and other natural resources from otherwise inaccessible Himalayan mountain villages.

Wars in the future, of course, will not be anything new. Nice as it would be to live in a world where everybody loves and is kind to everyone else, that’s just not the planet we live on, and seems never to have been. Even our genetic code tells us that early Homo sapiens first bred, and probably fought, with Neanderthals, before eventually wiping them off the face of the Earth. Since then, the conflicts have continued; it’s been one fight after another, generally as more or less local skirmishes, but twice as all-out world war.

We’re willing to accept the reality that some base level of conflict will be the normal condition for the human species for as long as the motives for war persist, which may well be forever, because those motives usually boil down to deep-seated cultural and religious beliefs, and the fear that by being open to other beliefs, you betray yourself and the ones you love. But the trick for keeping the future at least as good as today is to ensure that skirmishes do not increase in number, and that local flare-ups do not escalate into regional and global ones.

Which brings us back to the CNA’s threat multipliers. Not liking someone for what they believe is hardly a justification for war, as long as you and that other person are both leading lives you consider comfortable. But when you need something that you think the other person is getting more than their fair share of, and especially if they are controlling the share you get, well, that’s when not liking them can boil over into full-on combat. And if that something is essential to staying alive – like food, water, energy, or a roof over your head – it becomes all too easy to justify killing, especially if you are from a large group of have-nots, and war becomes inevitable.

It’s not so much that running low on essential resources provides the motive for war – that’s already there, at a much deeper, emotional level, rooted in longstanding beliefs that refuse to tolerate other beliefs. Running low on essential resources simply provides the perfect opportunity – the excuse, if you will – to act on the festering grudges that have built up over generations.

The trick then, insofar as keeping the future at least as good as today with respect to the frequency and intensity of war, is to limit the opportunities for conflicts to flare. Which translates to the same message we’ve been trying to convey throughout this book: minimising the threat multipliers of population growth, wasteful consumption and their downstream effects of climate change, fouling our nest, and shortages of food, water and energy. The scary thing is that we’re not yet doing what’s needed to minimise those threat multipliers; in fact, we’re doing quite the opposite.

Again, straight out of the 2014 CNA report:

From today’s baseline of 7.1 billion people, the world’s population is expected to grow to more than 8 billion by 2025. The US National Intelligence Council assesses that by 2030, population growth and a burgeoning global middle class will result in a worldwide demand for 35 per cent more food and 50 per cent more energy. Rising temperatures across the middle latitudes of the world will increase the demand for water and energy. These growing demands will stress resources, constrain development, and increase competition among agriculture, energy production, and human sustenance. In light of projected climate change, stresses on the water–food–energy nexus are a mounting security concern across a growing segment of the world.

In the light of such assessments, are we destined to a future of more and more Rwanda-like atrocities? Will we tip into a new normal where rapes, lost loved ones, missing limbs, and dogs feeding on human carcasses become non-news, almost an everyday occurrence somewhere in the world? And out of fear of becoming involved, will we become ever more immune to these atrocities, and ever more isolationist in an attempt to keep control? Will the scars of today’s war victims and returning veterans – so many permanently wounded by what they’ve seen, what’s been done to them, and what they’ve done – become scars most of us are destined to suffer within our lifetimes? If we don’t get a grip on the threat multipliers, and deal with them, the answer is almost certainly yes. The new normal for the world will be to tip into more and more horrific conflicts.

But maybe, just maybe, there’s a way out. Because there actually is a better kind of tipping point that we still have a chance to experience, if we decide we want to.
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END GAME?

Tony and Liz, NASA-Ames Research Center, Moffett Field, Mountain View, California, 26 May 2013

This was it. We had been basically flying by the seat of our pants for most of the past year. Now we were about to see if the landing would be smooth, or if we’d crash and burn. We were sitting in front of four hundred or so of Silicon Valley’s finest, about to unveil an initiative we’d been devoting much of our lives to for months. Right there in the front row was the Governor of California, Jerry Brown. He’d be joining us on stage in just a few minutes, along with a few of our fellow scientists, to announce his take on what we’d been doing. Reporters and photographers crowded in, their tape recorders and big lenses poised for action, television cameras aimed and ready on their tripods.

It had all started almost three years earlier. Along with a group of our colleagues, we’d undertaken a scientific study that compared the state of the world today with how it had been about twelve thousand years ago, just before the planet tipped from the cold, glacial times it had been in for a hundred thousand years into the warmer, friendlier, interglacial time in which human civilisation as we know it advanced. What our team saw, as we pored over data for most of a year, was that the geological drivers of global change that had shoved the world from an ice age into the more hospitable planet on which we live today were immense. We’d seen that those past geological forces had lined up to push Earth over a tipping point – from a cold planet where much of the northern hemisphere was under a mile of ice, to a warmer place where people finally dispersed to every continent, the composition of plants and animals in any given place changed substantially, and half the world’s big-bodied animals became extinct.

But the real revelation was that the forces that had pushed Earth over that previous tipping point were mild in comparison to the ways people are changing the planet today, both in terms of speed and strength. Which meant that Planet Earth is poised on the edge of another tipping point – one that we people are triggering, that we will feel in a big way, and that could take place in our lifetimes. We reported our findings in the journal Nature in June 2012, expecting it to be just another scientific study that fell by the wayside as the world went about its business. Instead, it had sent us here.

*   *   *

Tony: As I looked over the crowd, glad that my suit jacket was hiding my sweaty armpits and trying not to fidget, I thought about the wild ride of the last year. The news media had picked up on that Nature publication in a big way, and the next thing I knew I was getting hate emails – suggesting, for example, that I ‘waste myself’, and that my ‘real master, Satan, has a special place in hell’ for me – from people who seemed to take words like ‘climate change’ as a personal affront. That had certainly put a whole new perspective on doing science. An even more unexpected outcome, though, was that Governor Brown phoned one day, essentially a cold call that caught me by surprise when I was out on a run. He’d heard about the article, and wanted to know more about it. He also wondered why scientists weren’t shouting it out from the rooftops if we really were heading for a planetary tipping point. That conversation made me realise that we scientists had just been talking to other scientists, when we really should be talking to the people who don’t already know this stuff. And also, that dedicated world leaders were willing to listen. So a group of us wonky academics set out to communicate more clearly what we had learned, not only from the Nature study, but from thousands of other studies, about the chief environmental threats that had been published in scientific literature over the past several decades. Liz and I had lived and breathed this stuff late into many nights and through many weekends over the past year, and Emma and Clara were probably sick of hearing us talk about the state of the world over dinner. And here we were at last, trying to communicate what the scientific community knew, plainly yet accurately, to policymakers and business people in a very public way. I sure hoped I wouldn’t screw it up.

Liz: I was sitting in the audience, proud that Tony, Emma and Clara were there too, but feeling a tad awkward in a purple dress and heels surrounded mostly by business suits. Not my typical scientific crowd, but I was really excited to be there. Next to me were a few of the other authors of the consensus statement, those we could round up at short notice: Paul and Anne Ehrlich, Rodolfo Dirzo and Steve Palumbi. I had brought with me an illustration that I had had mounted and framed – one that conveyed in picture form the message in the Scientific Consensus Statement we were about to deliver. I had been working with my technician Cheng ‘Lily’ Li, a talented young woman, as adept in the molecular lab as she is at art, to create a picture of the Earth on the edge of a cliff, about to tip from an idyllic utopia into a grey and dingy transformed landscape. The two most important features of the illustration (reproduced as the frontispiece to this book), which we intended to present to the Governor, were that a person was holding the Earth back from its seemingly inevitable slide, and that in the background over the cliff was a gleaming cityscape, replete with trees and blue skies. That was the future we wanted to create, and that we believed was possible if enough time and energy were devoted to it.

*   *   *

For both of us, it clicked that we’d experienced a tipping point in our own lives since this had all started, going from academics who pretty much wanted simply to enjoy the doing and teaching of science, to feeling compelled to devote our time to communicating what we knew. And this was the perfect venue to be communicating what hard science said about the state of the world, because we were talking to people who were well equipped to take on the big challenges of the future. It was the 2013 SSV-WEST summit, an annual event put on by Sustainable Silicon Valley (SSV), a group that bills itself as a ‘consortium of companies, governmental entities, academic and research institutions and non-profit organisations that work together to inspire collaboration, accelerate innovation, and encourage economic prosperity for a sustainable future’. The WEST part of the event’s name is short for Water-Energy-Smart Technology. So besides Governor Brown, we were telling some of the world’s most successful business people, inno vators, venture capitalists and thought leaders why their talents were so desperately needed at this moment in history.

We watched as NASA’s former chief scientist, Waleed Abdalati, showed graphs of temperatures rising through the decades and asked the audience, ‘If this were a graph of stock performance, would you invest?’ Yes, of course, they nodded. Then Jim Hansen, a well-known climate scientist who had headed the NASA Goddard Institute for Space Studies in New York, got up and explained why there is no time to waste in gearing up green-energy technologies if we are going to hold climate change to reasonable levels. Finally it was our turn. Our message was that, yes, climate change is a key challenge, but especially because it magnifies the impacts of the other major problems the world is facing – loss of biodiversity, using up so much of the land and sea, pollution, unchecked population growth, and our continual quest for more stuff. And that the interactions between these dangerous trends, and the ways in which they can rapidly multiply each other, is why Earth is now at a tipping point. Then the Governor gave his take: all of us need to get busy solving these problems, fast, or the world is going to be in big trouble.

At the end of the morning session we returned to the stage with Governor Brown, Paul and Anne Ehrlich, Steve Palumbi and Rodolfo Dirzo. We presented the Governor with the document we, along with ten other scientists from various institutions and countries, had spent so much time crafting over the past year. The Scientific Consensus Statement on Maintaining Humanity’s Life Support Systems in the 21st Century: Information for Policy Makers was our response to Governor Brown’s question about why scientists weren’t shouting out the challenges from the rooftops. By that time the document had been endorsed by 522 of the world’s leading global-change researchers, from forty-one countries around the world. Finally it was time to present him with the framed picture of Earth at the tipping point. The Governor pointed to the person holding up the planet and asked, ‘Who’s this little guy?’ We all replied in unison, ‘That’s you.’

Governor Brown now has that picture hanging in his office in Sacramento, reminding him what one person, fearless and dedicated, can do. But we’ve since come to realise that the lone person in the picture in fact represents each and every one of us, buckling down to do all we can to make a better world. It looks insurmountable alone, but put us all together and we hit a good kind of tipping point – where a critical mass of the global society understands what Earth is up against, and wants to overcome the challenges.

At that point the end game changes – to one where people and the planet would thrive, rather than the one we’ve been heading towards.

*   *   *

Which end game we’ll actually see is still up for grabs. As the previous chapters point out, the challenges humanity faces are enormous. If you are among the faint-hearted, a dose of depression may have set in after reading them, or a sinking feeling that since we’re screwed anyway, let’s just make the most of the time we’ve got left. We’ve been there too, in a place that almost anybody who begins to look at these problems in depth will find themselves. But what happened to us over the year leading up to the SSV-WEST summit began to give us some hope. Seemingly all of a sudden, people were caring about the big global issues that scientists had been documenting for years.

Which was a new thing for us. As researchers and university professors, we’ve been studying and teaching about these issues for more than three decades, as have many of our colleagues. And for most of those decades, the needle never seemed to move much. Oh sure, there were a few advances here and there – some lip service about population growth after Paul Ehrlich published The Population Bomb that he and Anne had worked on, and some real progress, for a while at least, on reducing some harmful pesticides after the publication of Rachel Carson’s Silent Spring in 1962 – but for the most part the issues of climate change, extinctions, the destruction of non-human landscapes, pollution, population growth and overconsumption have been, for most people, just one big blah. And indeed, even for us, who studied and taught about these things for a living, it was all too easy to regard them as somebody else’s problem.

That changed, though, as we immersed ourselves deeper and deeper into working first on the Nature paper and then on the Scientific Consensus Statement. Somewhere along the line a lightbulb went on; it became all too evident that the things we were writing about weren’t somebody else’s problems, they were everybody’s problems. Because no one was escaping the impacts, even if they thought they were. Us included.

If you strung together all of the things we have written about in the previous chapters into a science fiction novel about a species inexorably destroying its own life-support systems, you wouldn’t believe it. It would be just too far-fetched. Yet nearly all of the things we’ve written about here have actually already happened, or are in the process of playing out right now. The reason we’re seeing so many crises pop up one after the other – water shortages here, terrible storms there, a new disease outbreak that sets us scrambling, a humanitarian crisis in yet another place – are explained when you look at one of the key findings that came out of our Nature study. For the first time in our species’ history, indeed in the entire planet’s history, the Earth is being squeezed from the bottom up and from the top down simultaneously.

By ‘from the bottom up’ we mean that every building, farm or other new human construction takes away a little of what was there to support us before, even as it’s adding something we may need in the short term. And the number of us just keeps growing, as is evident and made more tangible when you look at a global population counter, http://www.census.gov/popclock/. Add together all of what we’ve already done, and nearly half of the planet is different from what it was before we started – and more of it is transformed every day. Each one of those individual changes has downstream effects that add up to even bigger, separate impacts. Things like dead zones in the ocean, or too many greenhouse gases in the air. And those larger-scale manifestations of what we’ve done locally have in turn created a whole new set of global pressures that we, and all other species, have to react to and deal with: climate change, far more nitrogen than was normal in a pre-industrial world, endocrine disruptors everywhere, even in wilderness far from humans. Those global-scale pressures are what we mean by squeezing the planet from the top down.

We suspect it is the obvious impacts of those bottom-up plus top-down pressures – the things everyone is experiencing or hearing about on the news almost every day, like weird weather, water shortages, would-be immigrants pressing against national borders, a growing number of conflicts flaring up around the world – that made the results of our Nature article, among others, strike a chord with the public. That’s what first made us think people were starting to take notice of the big challenges, and that they might, just might, be thinking it’s time to do something about them.

That first ember of hope has been further kindled by what’s happened with the Scientific Consensus Statement, and on a broader scale with other independent initiatives to effect the changes needed to address at least one of the big issues, climate change. For most of the past few decades we’ve rolled our eyes at the partisan bickering and the outright disbelief that people have anything to do with changing the planet’s climate. Yet within the past year we’ve seen, at last, important action – action that is predicated on sound science. The presidents of the two biggest greenhouse-gas-emitting nations in the world, Barack Obama in the United States and Xi Jinping in China, have publicly recognised human-caused climate change as one of the world’s most pressing problems, and both have taken actions, including a formal agreement between the two countries, to begin addressing it. Obama, hamstrung by a gridlocked Congress, convened a climate task force nevertheless, and has been aggressively pursuing actions that the US constitution grants the Executive Branch.

Meanwhile, other world leaders are breaking through political gridlock by developing workarounds at the supranational, national and subnational levels. The European Union, for example, has already set a target to reduce emissions overall by 20 per cent (compared to 1990 levels) by 2020, and Germany has gone all out, working to reduce its emissions by 40 per cent by 2020 and 80 per cent by 2050. In December 2014, delegates of nearly two hundred nations, heartened by the announcements that the US and China were acting to slow climate change, gathered in Lima, Peru, and came out with an agreement that each country would set limits to greenhouse-gas emissions within a year. At the subnational level, the state of California – significant because it is the world’s seventh largest economy – has signed climate-change-mitigation and green-technology agreements with China, Canada and Mexico. The US Pacific states (collectively the world’s fifth largest economy) signed a climate compact with British Columbia to decrease greenhouse-gas emissions and combat ocean acidification. And major cities like London, Manchester, Liverpool, Glasgow, Barcelona, Copenhagen, Hamburg, Rotterdam, Chicago, New York and San Francisco are planning how they can adapt to climate changes under way.

When lives are at stake, there is simply no room to put up with obstructionists. It’s for that reason that the top leaders in the United States military publicly acknowledge that climate change is among the top threats to national security:

The national security risks of projected climate change are as serious as any challenges we have faced … We see more clearly now that while projected climate change should serve as a catalyst for change and cooperation, it can also be a catalyst for conflict. We are dismayed that discussions of climate change have become so polarizing and have receded from the arena of informed public discourse and debate. Political posturing and budgetary woes cannot be allowed to inhibit discussion and debate over what so many believe to be a salient national security concern for our nation. Each citizen must ask what he or she can do individually to mitigate climate change, and collectively what his or her local, state, and national leaders are doing to ensure that the world is sustained for future generations. Are your communities, businesses, and governments investing in the necessary resilience measures to lower the risks associated with climate change? In a world of high complex interdependence, how will climate change in the far corners of the world affect your life and those of your children and grandchildren? If the answers to any of these questions make you worried or uncomfortable, we urge you to become involved. Time and tide wait for no one. [National Security and the Accelerating Risks of Climate Change, CNA Military Advisory Board, May 2014.]

Money talks, too. Fossil-fuel magnates are building carbon taxes into their long-term business plans, and growth in the clean-energy sector is on a steep upward trend. On a larger scale, the CEOs of many of the biggest, most profitable corporations in the world have put together a long-term plan, Vision 2050, with decade-by-decade goals, that ‘calls for a new agenda for business laying out a pathway to a world in which nine billion people can live well, and within the planet’s resources, by mid-century’ (‘Vision 2050’, World Business Council for Sustainable Development, http://www.wbcsd.org/vision2050.aspx).

Things are happening. What nobody knows yet, of course, is whether these moves in the right direction will continue, and critically important, whether they will accelerate fast enough. As we’ve seen in the previous chapters, the world has a very narrow window of time in which to change course. Basically we have to crank the rudder hard, starting pretty much now. If we do that, the bow will ever so slowly start to turn, and finally, in say around 2030, we’ll be in line to chug full steam ahead towards a sustainable future. On the other hand, if we wait a decade or two to start cranking that rudder, it will be too late. We simply won’t be able to turn Planet Earth fast enough to avoid a lot of unpleasantness. Very likely within our lifetimes, and certainly within our children’s lifetimes, we’ll see at first hand what a planetary tipping point looks like.

We get asked a lot what it would look like if the world went over the edge. A planetary tipping point is a vague notion at best, one that even many of our scientific colleagues have trouble wrapping their minds around. The gut reaction of most people is to envisage something like the Apocalypse – where the four horsemen of War, Famine, Pestilence and Death sweep through the world overnight. It’s a tempting metaphor, but it’s not the one the science we’ve done and seen would actually support. Well, not exactly anyway. Yes, as we’ve seen in previous chapters, there would indeed be elements of all four horsemen. But it’s not the kind of change where one day things look rosy, and the next day the whole world has gone to hell and almost everybody and everything is dead.

Remember, from the first chapter, how tipping points actually work. What we’re talking about is a change from the world we regard as normal today, to a new normal. The tipping point is when the ‘normal’ state crosses some critical threshold, at which point it rapidly shifts into a state that would previously have been considered unusual, and stays there – that’s the ‘new’ normal. A key concept here is what is meant by the word ‘rapid’ – because ‘rapid’ in this context is relative to the amount of time the previous ‘normal’ state has existed. In ecological terms, the state we consider normal for the world today has actually been around, in some form, for about twelve thousand years. In societal terms it’s more like a few centuries, starting with the Industrial Revolution. In either case, we’re talking about a shift from the ‘old normal’ (the ecological and societal state we’re used to) to a ‘new normal’ (where we’d end up after going over the tipping point) that takes place within a single human lifetime – say within thirty to fifty years. Maybe you think of that as gradual rather than sudden change, but in fact it’s very sudden indeed, when compared to twelve thousand years, or even three hundred. And more to the point, it’s something a single generation would have to cope with and adjust to. Born into one world, die in another. Just what would that adjustment to a new normal involve?

What we regard as normal today is actually a pretty high quality of life for a billion or so people, and, in more and more parts of the world, opportunities for those who are poor and suffering to improve their lot. We are used to seeing the human condition constantly improve, on average: longer lifespans, more material goods, more comfort, more opportunities for leisure. We are also used to a certain amount of human suffering: the billion or so people who are truly destitute, various humanitarian crises and wars flaring up at any given time, occasional droughts and floods, and, very rarely, disease outbreaks that for the most part we’ve been able to deal with. That is the normal state of the world, as far as most people are concerned, and we’ve been pretty complacent in assuming that’s the way it’s always going to be.

Going over a planetary tipping point, though, means that we will see a noticeable decrease in the good things in life, and a noticeable increase in the things we don’t like. Will everybody die? No, of course not. Will upward trends in economic health and affordable essentials continue? No, those trends will flatten out, or start heading downwards. Access to clean water and adequate food? Hundreds of millions more people will want for these, rather than hundreds of millions more gaining them. Will we see a higher proportion of the world’s population driven out of their homes by droughts, fires and flood? Absolutely. Humanitarian aid by developed nations? Less and less, as the resources of rich nations diminish. Will we see more local wars flaring up, driven largely by more people fighting for pieces of an ever-shrinking pie? You bet, maybe even world war. Will we have the ability to contain new diseases that are almost certain to appear? Probably not. Will people become complacent that this is just the way it is? They’ll have no choice; there will be no going back.

That would be the new normal: a world that is simply not as rich, vibrant and good for human beings – or for most other species – as the world we live in today. Life would go on, but there would be a lot more losers than winners. And that would be our legacy to the future.

That’s not just our own apocalyptic view; it’s what ongoing trends and complex systems theory point to. We’d be remiss if we didn’t call attention to criticisms of the whole idea of a planetary tipping point: some people, including some scientists, just don’t think that tipping points – or in the scientific jargon, critical transitions – can happen at the scale of the whole planet. That ignores the fact that they’ve happened before, not just once, but many times: the glacial–interglacial transitions we’ve mentioned, for example, and things like mass extinctions, where some 75 per cent or more of known species die out in a geologically short time. Such things signal tipping points of the biggest kind, and are not out of line with the rate of biodiversity loss we’re seeing currently.

The most thoughtful set of arguments against the concept of planetary-scale tipping points came out a year after our Nature study was published, in a paper that raised the question in its title: ‘Does the Terrestrial Biosphere have Planetary Tipping Points?’ in the journal Trends in Ecology and Evolution (abbreviated TREE), vol. 28, pp.396–401, 2013. It was published by a team of ecologists and geographers headed by Barry Brook from the University of Adelaide in South Australia. Barry’s a colleague – Tony has published a paper with him – so we thought long and hard about what they had to say.

Close reading of their arguments against planetary tipping points, though, reveals that even those critics agree that the dangerous trends we have covered have already changed, and are continuing to change, Planet Earth in dramatic ways. They are also quick to point out that there is no argument that tipping points are characteristic of biological changes from local to subcontinental scales, and that complex systems in particular change via tipping points. No one would disagree that ecosystems and their interaction with societies are complex systems of the most complex kind. That was clear enough in a companion paper in the same issue of TREE, this one by yet another international team of distinguished ecologists and theorists led by Terry Hughes from the Australian Research Council Centre of Excellence for Coral Reef Studies. In an article entitled ‘Multiscale Regime Shifts and Planetary Boundaries’, they wrote: ‘The existence of thresholds and alternate states in many ecosystems at more local scales is not in doubt. Similarly, tipping points also occur in societies, in climate systems, and in coupled combinations of all three. At this stage in the evolution of the Earth, changes in society, ecosystems, and climate are intimately interconnected, and large-scale shifts in one become a driver of another’ (pp.389–395).

But the Brook team took exception to the planetary tipping point concept because, in their words: ‘Spatial heterogeneity in drivers and responses, and lack of strong continental interconnectivity, probably induce relatively smooth changes at the global scale, without an expectation of marked tipping patterns.’ But as Hughes et al.’s article countered, the drivers-and-responses argument falls apart because it forgets that today there is mainly one ultimate driver, and that is humans.

The lack-of-interconnectivity argument misses the important human component as well: these days all continents and all regional ecosystems are in fact intimately connected in a very direct way – by the billions of people who are physically moving back and forth across the planet, and by our global economy. Even in places where we don’t set foot directly, we’re still, pretty much simultaneously across the world, changing such basics for life as the atmosphere, the climate and biogeochemical cycles, resulting in, for example, unprecedented levels of nitrogen and mercury almost everywhere. Just think back to the examples we’ve pointed out in the previous chapters.

The third part of the Brook et al. contention – that the kind of change we’ll see is more likely to be a smooth transition than an abrupt one – may just be a matter of perspective. Remember, we’re talking about the changes that will play out in a human lifetime or two. To most people, especially if they’re young, the passage of an entire human lifetime may seem very long. But compared to the twelve thousand years the ecosystems we’re familiar with have been on Earth, or even the three hundred years since the Industrial Revolution, a human lifetime is short. So when it comes to recognising a planetary tipping point, passing through a critical transition that spreads out over several decades is still a rapid change relative to the length of time the conditions we’ve been taking for granted have persisted. And, in any case, as Hughes and his co-authors pointed out, it is a mistake to confuse ‘the rate of change of a system, which may be fast and synchronous or slow and incremental, with the presence or absence of a tipping point. Crucially, a gradual ecological change through time can easily represent the lagged transient response of an ecosystem that has already passed a tipping point.’ That is to say, a change can appear gradual, but can still push you over a tipping point once a critical threshold is passed – like gradually warming up an ice cube until it’s warmer than the melting point, at which point it becomes inevitable that ice is going to turn to water, even though it may take a little longer for the cube to melt entirely.

*   *   *

This brings up another key question, which we get asked a lot: how do we know it’s not too late? Have we already gone so far that, just like that ice cube that’s sitting at room temperature, the tipping point is already past, in which case, there’s nothing we can do to avoid bad scenarios?

We used to waffle a bit when we were asked that question, because it’s undeniable that the changes we’ve seen since our grandparents’ time have been more pronounced than those that have taken place over any two previous human generations. Clearly we already live in a different world today. But here’s the important point: things have continued to get better in the world over the past couple of generations. On balance, the positive things that humans have done have outweighed the negative ones. The tipping point we’re talking about is when the balance shifts, so the negative impacts outweigh the positive ones.

Which is exactly what seems inevitable if our present pace of climate change, extinctions, ecosystem loss, pollution and population growth continues. That’s the new normal we’re talking about. But, in theory at least, it’s still possible to hold the balance of positive versus negative to what it is today, or even shift it more to the positive side. That’s why it’s not too late. There are things we can actually do to make the end game the one we want, rather than the one we mistakenly fall into.

We’ve talked in previous chapters about ways to turn around each of the dangerous trends. Just to recap, here’s the broad brush.

Overpopulation: Educate women and provide economic opportunities and access to health care.

Overconsumption: Spend money on experiences rather than things – which makes you happier anyway; design products with low environmental footprints in mind; and ramp up recycling/reuse efficiency worldwide.

Climate change: Replace fossil fuels with carbon-neutral energy sources.

Food: Increase efficiency in agriculture using environmentally sound methods; eat less meat; waste less food; improve food storage and distribution systems.

Water: International water compacts; waste less; contaminate less; more efficient agriculture; shift to wind and solar energy generation.

Pollution: Provide basic sanitation services to billions lacking them; convert waste products to energy; utilise ‘green chemistry’ in new product development; more closely regulate and monitor the use of herbicides, pesticides and antibiotics.

Disease: Keep track of vectors as they move across borders and through transportation systems; anticipate disease from the tropics; try to hold deforestation to an absolute minimum. And don’t kill the bats – they are more significant ecosystem providers than they are disease distributors.

War: Hold population growth and climate change to lower levels; ensure adequate food, water, basic health services and education worldwide.

Something you might have noticed in reading through that list is that, while each problem has specific actions that are unique to it (for example, weaning ourselves from fossil fuels to fix climate change, or providing economic and educational opportunities for women to bring down birth rates), there is one common theme that runs through all the solutions.

And that is, there is no such thing as local any more. Every community on Earth is now connected to communities up the road and on the other side of the world through what we buy, what we eat, what we drink, how we make a living, and how we have fun. If you don’t believe that, ask a Kansas farmer what would happen to his income if he couldn’t export his wheat. Or take a look at the labels on the clothes you’re wearing. Or where the apples you’re eating in winter came from. There’s no getting around it – we’re all connected through a network of global trade, transportation and communication so vast that none of us can live the lifestyle we’ve become accustomed to without it.

This interconnectedness also means that there is now no nation on Earth that can support itself solely on what it produces within its borders. Even the superpowers like the United States bring in essential goods: for instance, after oil, America’s next largest imports are machines, engines and pumps. No longer are they American-made. We import them from China, France, Japan, Germany, the UK, Spain and Brazil. America’s favourite beer, the Budweiser that millions knock back on Super Bowl Sunday, is owned by a mega-brewing conglomerate based in Belgium and Brazil. China relies on other countries to supply raw materials for the electronic components it produces, and for electrical and other machinery, oil, medical equipment and cars. Although serious tensions exist between Japan and China, they are consistently among each other’s top three trading partners. The United Kingdom imports about 40 per cent of its food, and Japan imports the majority of its food: 60 per cent. The list goes on and on.

And, of course, all of the problems that are pushing us towards a planetary tipping point, just like that interconnectedness that keeps our societies ticking today, cut across national boundaries as if they weren’t even there. Which means that in formulating solutions, we have to do the same. Avoiding a planetary tipping point is going to require getting a critical mass of people in the world to look past cultural differences – because that’s all that really separates nations nowadays – and acknowledge that the same things that are threatening you are threatening me.

Attaining that critical mass would be the good kind of tipping point – a social tipping point that sends the world rolling towards increasingly positive changes, rather than the current acceleration of negative ones. A social push, person by person, is the only way that will be achieved. It’s all well and good that we know the science behind world problems, and that international and intranational cooperation is starting to happen from the top down, as evidenced by the examples mentioned above. Basing our actions on sound science and top-down governmental action is absolutely essential to providing the required incentives and opportunities for social change. But ultimately, as we’ve seen from what’s pushing us towards the bad kind of planetary tipping point, top-down action is driven from the bottom up. And you, us, and everybody else are what’s at the bottom – we’re each of us that little person fighting to keep the world from running over us.

Such bottom-up agreement – a critical mass of people deciding that a world problem is important enough for us to cross cultural and national boundaries and get the job done – is what mobilised the solutions to past global problems that were every bit as complicated as those we’re dealing with today. Consensus in world opinion pushed global leaders – in government, industry and non-profit organisations – to get down to business and accomplish the Green Revolution, which saved billions of people from starving; to develop the Montreal Protocol, which reversed the dangerous expansion of the ozone hole; to provide the means to rebuild Europe and Japan after the devastation of World War II; and to come to agreement on nuclear disarmament. Within nations, too, attaining a critical mass of public opinion is what it takes to turn bad societal norms to good ones – for example, in the United States, the banning of the harmful pesticide DDT after its health effects became apparent, and the eventual abolition of slavery, even though that went against what most white people thought was economically advantageous. Abolishing slavery, however, took civil war to accomplish – the type of terrible transition that can be the inevitable outcome of people digging in their heels too deeply for personal gain. It’s clearly much better to take the route of reason at the outset.

But what exactly is that route? How do we get to the good kind of tipping point marked by billions of people clamouring to fix the global problems we have covered in this book? Or, to phrase it another way, how does each and every one of us actually become the person keeping the world from going over the cliff in that tipping-point illustration we gave to California’s Governor Brown? This is the point at which you may be rolling your eyes and thinking, ‘OK, now they’re going to tell us to change our lightbulbs, buy a hybrid car, recycle, stop eating so much meat, and use condoms.’ Sure, you can do those things, and they’ll help. There are whole books and websites devoted to giving you a checklist of such lifestyle tweaks that actually do make a difference. But before you ever get there, there are two simple steps that are even more important: embrace the present reality, and communicate the future.

By embrace, we’re not talking about holding hands on Earth Day, though there’s nothing wrong with that either. We’re talking about embracing the very real need to deal with the global challenges we have covered in this book. Climate change, very real limits to food and water, increasing pollution and likelihood of epidemic disease, social conflicts – all these are already happening, and will only get worse with increasing numbers of people on Earth and with increasing overconsumption. Whether or not you believe in the idea of a planetary tipping point, it’s virtually certain that if nothing changes the trajectory of these dangerous trends we’ve been following the past few decades, by mid-century the world will be a less pleasant place to live. And that the only way out of the mess is to recognise that the whole world is connected these days, and that leveraging common interests, rather than emphasising national and cultural borders, is the way of the future. Embracing those ideas, and what they mean for you and your family, is the first step to taking action. Once you do that, you will have reached your own personal tipping point, where you want to advocate and contribute to actions to solve these serious global problems.

The second step, critically important, is to communicate. Acknowledging the seriousness of the problems yourself is not enough. You need to talk to your friends and family about the issues we cover in this book, and give them your perspective on why they are important, because the only thing that is going to shift the planet away from the bad end game we’re headed for and towards the good one is big, big numbers of people wanting to do so. The messages to communicate are what the problems are and how essential it is to address them, starting now; that we have the technological wherewithal to solve them; and that all that is standing in our way are cultural and political boundaries, a stovepipe mentality that keeps us from working together across the political aisle and across the world. And, of course, you need to communicate these things to your leaders at local, national and international levels. You do that by who you decide to put in government, and when you buy things, by where you decide to spend your money. World leaders, both in government and in business, have no choice but to respond to what their constituents or their customers demand of them, when those demands get loud enough.

The reason you can’t leave the communication to someone else is because you are the one that people in your social circle are going to trust. All the words in the world don’t mean a thing if people have convinced themselves that those speaking them are not trustworthy – and usually the people outside your social circle, whatever their credentials, are going to be deemed less trustworthy than you. People are diverse, with different upbringings, cultural connections and motives for doing what they do. So while a religious group, for example, might find it compelling to deal with climate change or environmental contamination out of moral considerations, the CEO of a major company might more readily respond if he sees it’s good for the bottom line. And the right brain/left brain thing is very important too: the way an artist spreads the word is going to be very different from the way a scientist, engineer or economist normally would. That’s where you make the difference – by using your individual perspective to educate your own social group about the crossroads the planet now finds itself at.

That effort will probably be more successful than you think. True, some of the people you run across are going to be dead set against everything we’ve said in this book, while others are going to be already on board. Neither group will be very willing to change their minds. But don’t worry too much about that, because the statistical reality is that most people you know won’t have thought too much about these things, so they won’t have a strong opinion on them one way or the other. If you want the numbers, they probably work out as about 20 per cent who have decided global environmental issues aren’t worth worrying about, about 20 per cent who already want to see them fixed, and then the majority – about 60 per cent – who have not yet formed an opinion.

That breakdown comes from studies that look at attitudes that cut across cultural groups and sort people into three different categories, as explained by Liz’s colleague at Stanford, Eric Lambin, whose research focuses on how humans interact with their environment. As he points out in his book The Ecology of Happiness (University of Chicago Press, 2009), about 20 per cent of us are ‘altruists’, who feel a strong obligation to work for the common good. Another 20 per cent are ‘free riders’, who look out for their own self-interests with little regard for the impacts on others. And then there are most of us, the 60 per cent who are ‘conditional cooperators’, a reasonable bunch whose opinions can be swayed back and forth, as logic and their needs dictate. Not to say that free riders can’t be swayed to an action when it seems in their best interests, but it’s really that undecided 60 per cent who hold our future in their hands, and those are the people to really target in your social group. With every one of them who decides they want to avoid tipping Planet Earth for the worse, we move closer to a tipping point for the better.

In the end, that’s how we each hold humanity’s future in our hands: by interacting, by who we touch, and how we touch them. As we finish this book, we’re still uncertain where all the human interactions that are going on today are going to take the world, though we’ve been watching that future unfold in a big way over the years.

Over five decades, these global pressures have become all too real for us, both from our travels and from our perspective as scientists who study environmental change for a living. In our journey through life we’ve seen, up close and personal, the human suffering, the poverty, hunger, thirst and loss of life that are all too common today. And in being on the front lines of research into environmental tipping points, we see the writing on the wall: the bad things that will certainly get worse if we don’t deal with the problems we’ve highlighted in this book.

We also know now how personal tipping points work. We’ve grown from young scientists mostly concerned with finding out how the natural world works, to wanting to make the world we love even better for our two daughters. Over the past twenty years we’ve seen them grow from babes in arms to young adults, and go over their own tipping points, from depending on us for pretty much everything to heading off on their own world adventures. Now Emma is back from stints in France, Spain and Latin America, and Clara is studying in London. Neither aim to become scientists; both want to become global communicators. Their eyes are bright, there are smiles on their faces, and they’re looking forward to what comes next, as are the many, many young people our professions so happily bring us in contact with. Their generation’s vision and hope of the future is vibrant cities, joyful, healthy friends and families, and nature they can enjoy. That, and the glimmers of change that we’ve seen from world leaders over the past couple of years, plus the incredible power of human innovation and ability to fix past global problems, gives us hope.

*   *   *

So there you have it. What our heads tell us, and what our hearts desire. At the end of it all, though, reality has to prevail. The world really is poised to roll in one of two different directions. One direction leads us right over an environmental tipping point that is exemplified by the machete-fight world with which we opened this book. The other direction leads to the bright future that our children want, and that we all want. Ending up at that future requires building communication bridges, and enhancing our global awareness, to the point that a critical mass of the global society and world leaders recognises our current environmental problems as real, and begins fixing them before it’s too late. If we can get to that kind of tipping point we’re in good shape, because we’ve already got much of the technology we need, and people are incredibly clever when they’re motivated.

Back here in the present, though, we know it could go either way, and that the world is running out of time. Our heads tell us, wait too long, and we’re just going to have to make do with the bad end game we’re given. But our hearts are desperately rooting for the other outcome, the one where the positive things in our world grow, and the bad things diminish. In the final analysis, our heads and hearts come together to tell us that the end game we will actually see depends not on the path we take alone, but on the path that each of you decides to take as well.
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military, responses to climate change

mining

Mississippi River

mobile phones

Mohammed VI, King of Morocco

Mongolia, Inner

Montana

Montana State University

Montreal Protocol

Moore, Frances

Morocco

Morsi, Mohamed

Moscow

mosquitoes

Mosul Dam

Mountain Pass mine

Mozambique

Mubarak, Hosni

Mumbai

Muslims

NASA

NASA-Ames Research Center, California

NASA Earth Observatory

Native Americans

natural resources

Nature

Nature Climate Change

Nazis

Neanderthals

Nepal

Netherlands

Nevada

New Jersey

New Mexico

New Orleans

New South Wales

New York

New York State

New York Times

New Yorker magazine

Niger

Nigeria

Nile, River

nitrogen fertilisers

North Africa

North Sea

Norton, Michael, Happy Money

Norway

nuclear weapons

Obama, Barack

obesity

oceans: acidification; dead zones; desalination of water; overfishing; pollution; sea-level rises; temperatures

oestrogen

Ohio

oil: consumption of; and greenwashing; oil spills; shortages; and warfare

Oreskes, Naomi, Merchants of Doubt

Orlando, Florida

O’Rourke, Dara

overconsumption

Oxfam

ozone hole

ozone pollution

Pacific Islands

Pacific Northwest (USA)

Pakistan: floods; population growth; conflicts; water shortages

Palestine

Palestine Liberation Organization

Palumbi, Steve

Panama Canal

panda, red

parasites
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