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Preface to the Paperback Edition


In early November 2021, three weeks after the first publication of Hot Air, I travelled to Glasgow to present the latest scientific evidence on climate change at the COP26 summit. With time running out to avoid catastrophic climate breakdown, these were the most important talks yet. As this book explains, the scientific case for rapid and substantial reductions in greenhouse gas emissions is indisputable. But, as I also recount here, for many years climate change deniers have gone to great lengths to prevent steps being taken to reduce those emissions. Their delaying tactics have held back progress despite a growing clamour from people worldwide for the crisis to be addressed before it is too late. Every year there are more and more extreme weather disasters. At COP26, policy makers needed to start putting a halt to the rising tide of human misery from fires, floods, droughts and storms.


With so much at stake, I was struck by the powerful appeal made by the prime minister of Barbados, Mia Amor Mottley, during the opening ceremony of the conference. ‘We must act in the interests of all of our people who are depending on us,’ she told fellow world leaders, ‘and if we don’t, we will allow the path of greed and selfishness to sow the seeds of our common destruction.’ Now or never, she was saying, it was time for governments to signal their firm intention to bring down emissions.


At none of the previous climate summits – many of which I have attended since COP3 in Kyoto in 1997 – had the evidence of science and the views of citizens been so much to the fore. For the first time at COP, there was a science pavilion, a dedicated space within the conference venue for scientists to present their findings to delegates. I was responsible for drawing up the programme for the pavilion in collaboration with colleagues from the World Meteorological Organisation and the Intergovernmental Panel on Climate Change. The evidence we had to show, including the recent report from the IPCC published in August 2021, is stark and unequivocal.1 Widespread and rapid changes in the atmosphere and ocean, the snow and ice, and the biosphere are already occurring. Carbon dioxide emissions need to be reduced rapidly and reach net zero to prevent global warming reaching catastrophic levels. Strong reductions in other greenhouse gas emissions, such as methane, are also required. The message is striking: no longer can policy makers afford to ignore the urgency of that call to action.


Nor can they afford to ignore the will of their citizens. On 6 November 2021, the middle Saturday of the congress, I left the science pavilion and the vast complex of exhibition halls and doubledecker tented structures surrounding it, and walked up the road to where a steady stream of protestors, part of a 100,000 strong crowd, were marching by in the rain. As I stood to cheer them on, a dramatic rainbow appeared above their colourful banners. ‘How many COPs to arrest climate chaos?’, asked one. It was an image that seemed to symbolize the hope and anxiety swirling around Scotland’s most populous city as people there, and elsewhere around the world, waited to hear the outcome of these vital negotiations.


The deal finally agreed to, the Glasgow Climate Pact, does not by itself put the world on track to solve climate change. Much more is yet to be agreed at future COPs and much more needs to be done by companies, local authorities and legislators. But the Glasgow Climate Pact does, potentially, mark a turning point in climate action by committing countries to substantial cuts in carbon dioxide emissions – a 45 per cent reduction globally by 2030 relative to 2010 levels – as well as deep reductions in other greenhouse gases.2 Although worked-up plans by nations do not yet meet this level of ambition, governments agreed to come back each year with enhanced commitments for cutting their emissions. As the science and, increasingly, individual citizens demand, governments are accepting the need to accelerate their efforts.


There is no time to lose. Since I finished writing Hot Air, there have been numerous illustrations of the destructive power of extreme weather. During the summer of 2021, Europe’s hottest on record, the continent saw its hottest ever temperature – 48.8 degrees Celsius in Syracuse, Sicily.3 During that heatwave, devastating fires swept across Italy, Turkey and Greece destroying properties, crops and forestry. And fires are no longer a problem confined to the summer months. In Colorado, wildfires destroyed hundreds of homes at the start of 2022, a disturbing example of how such destruction is now afflicting people even in the middle of winter. During that time, even worse devastation was meted out to people living in parts of the world less able to cope than relatively prosperous Europe and North America. After facing two severe droughts and eight tropical storms over the previous five years, Mozambique was battered once again in January 2022, this time by Tropical Storm Ana. More than 10,000 homes were demolished as were powerlines, schools and health facilities.4


For many years, climate deniers have claimed that weather is not becoming more extreme. In the face of recent events, this claim is increasingly seen as derisible. But climate change denial has not gone away. The US could yet elect a president in 2024 who, like Trump, favours oil and gas, withdraws from the COP process and delays decarbonisation of the American economy. And in the UK, the emergence of a new group of Conservative parliamentarians provides a salutary reminder that this country’s progress towards net zero is far from secure.


The Net Zero Scrutiny Group of MPs and members of the House of Lords blames soaring energy prices on the green agenda, seeks to delay action on climate change and supports further exploitation of fossil fuels. Its arguments are built on the same bedrock of climate change denial exposed in Hot Air that has done so much damage over the past three decades. The Global Warming Policy Foundation, one of the numerous lobby groups whose activities are also recounted in Hot Air, remains at the heart of this agenda of obfuscation and delay. The week after COP26 finished, their annual lecture for 2021 was delivered by American physicist Steven Koonin to an audience that included Steve Baker and Peter Lilley, both members of the Net Zero Scrutiny Group.5 In it, Koonin claimed that the IPCC report had been distorted by alarmists, argued that authoritative bodies like the Royal Society and the US National Academies should declare that there was no climate crisis and insisted that as regards climate change: ‘we can deal with it in due course – but let’s all relax’.6


These are dangerous arguments. We can’t relax: if we do, greenhouse gas emissions will continue to surge and humanity will face widespread drought and crop shortages, rising sea levels that make land uninhabitable for millions, and destructive storms that are impossible for communities to recover from. And if global warming continues, the great ice sheets of Antarctica and Greenland could reach a tipping point beyond which their melting is irreversible. Sea levels would rise 15 metres or more and there would be nothing that future generations could do to stop it.


Thankfully, such a terrifying prospect is not yet inevitable. By reaching the goal of net zero on the timetable agreed under the Glasgow Pact, this dystopian nightmare would most probably be avoided. Instead, climate action raises the much more attractive prospect of a resilient and sustainable future, one of renewable energy generation, nature preserved and communities able to cope with the vagaries of weather not distorted beyond the bounds of adaptability. Such a future won’t come cost-free. But it is realistic and achievable according to the Climate Change Committee, the independent group of experts set up to advise the UK government. And it makes much more economic sense than trying to absorb the escalating costs of ever more extreme weather events that would be the inevitable result of failing to reduce emissions.


As this book shows, it has taken far too long for governments to treat the climate crisis with the seriousness it demands. But now that progress is finally being made, it is crucial that these early steps do not falter but, instead, gather pace as governments look to implement what was agreed in Glasgow. All the while, the dark forces of climate change denial remain in play, intent on obstructing any quickening of pace towards a greener world. In this light, the events recounted in Hot Air appear not only of historical interest, but startlingly relevant to today’s situation. Developing the science, confronting denial and greening the economy remain the three vital pillars in our collective response to climate change.


The difference is that, now, time is running out. The longer humanity keeps emitting greenhouse gases into the atmosphere, the more difficult it becomes to steer the world away from the cliff edge of irreversible climate breakdown. And the Russian invasion of Ukraine has reminded democratic countries that their national security depends on weaning themselves off their reliance on oil and gas from totalitarian regimes. As Europe is convulsed by the horrors of indiscriminate bombing of civilians and millions fleeing in terror, so the imperative on governments has only become stronger to work together to preserve humanity from catastrophe – whether annihilation from nuclear war or unrestrained use of fossil fuels.


The benefits of overcoming the climate crisis have never been clearer. And while climate change denial remains, its false appeal shrivels under the scrutiny of citizens engaged in building a more hopeful future. With every step each of us takes towards a more sustainable lifestyle, the closer we come to a climate that supports the aspirations of future generations just as it has for generations before.


Peter Stott,
April 2022










Prologue


16 March 2017


Approaching the closing moments of our annual scientific meeting I find myself getting emotional. Together with colleagues from the International Detection and Attribution Group, I’ve spent the last three days dissecting our latest research into the earth’s changing climate. Our results are not reassuring: unprecedented heatwaves, more devastating storms, rapidly melting ice – all, we have found, are attributable to human-induced greenhouse gas emissions.1 It’s a sobering picture. But the research itself is not why I’m feeling increasingly distressed. There is still time – just – to avert global environmental catastrophe, as long as governments take our findings seriously. The problem is, I’m hearing, they’re not.


One government in particular is, once again, disputing our science. It is the most powerful nation on earth, home to over 300 million people and our host country today. Two months ago, Donald Trump was inaugurated as US president, pledging to withdraw from the international Paris Agreement to tackle climate change, and installing Scott Pruitt as head of the country’s Environmental Protection Agency. Pruitt, a man well known for working with oil and gas companies to challenge environmental regulations, rejects the scientific consensus on climate change.2 According to him, carbon dioxide is not a primary contributor to climate change.3 According to him, global warming has stopped.4 Like the rest of my colleagues here, I am well aware that these are outrageous falsehoods.


For over twenty years, I have been a member of the International Detection and Attribution Group, a small band of twenty or so researchers from around the world whose quest has been to establish the causes of climate change.5 It’s this group that has proved beyond a shadow of a doubt that global warming is caused by human-induced emissions of carbon dioxide and other greenhouse gases. I’ve been at the forefront of that quest: I carried out the original climate model simulations that demonstrated how natural causes fail to explain recent warming and I was the first to link an extreme weather event – the devastating European heatwave of 2003 that killed over 70,000 people – directly to human activities.6 I know how significant these findings – and those of my colleagues – are. That’s why what I’m hearing today makes me feel so angry.


I’m ignoring the arresting view from our seminar room at the Berkeley Lab, a complex of multi-storey buildings perched on a steep hillside above the campus of the University of California, Berkeley: the glittering waters of San Francisco Bay, the Golden Gate Bridge, the rocky fortress of Alcatraz. Instead, I’m watching three large television screens arrayed across the front of the room on which our speaker, Ben Santer, is presenting illustrative slides. We could all be downtown by the Wharf, eating seafood in the warm sunshine, chatting about our families ahead of our travel home. But we’re still here, in these closing moments of our annual gathering. We’re keen to hear what he has to say, the colleague who more than twenty years ago kick-started this obscure, life-changing, bitterly controversial scientific field of ours. We want to know how Ben is fighting back against the lies being spread, once again, about the discoveries we’ve made, discoveries which affect all life on earth.


Ben is one of the founding members of our group, which was established in 1995. He has made a string of groundbreaking discoveries, including detecting the fingerprints of human activity in atmospheric temperatures, water vapour and ocean heat content. But today he is feeling too stressed to travel the forty or so miles from his office at the Lawrence Livermore National Laboratory to join us in person. Instead he is presenting his talk remotely, his voice coming to us, like a pained but determined spirit, from speakers hidden in the ceiling.


Ben knows how strong the evidence is for human-induced climate change. Over more than two decades, he has gone out of his way to explain to government officials, politicians and the media why we know that greenhouse gas emissions have caused global warming and why it matters. For his trouble, he has been accused of fraud, threatened with the sack, and charged with betraying his fellow citizens. He’s been through tough times before. But now, after all this time, and as the consequences of further delay in tackling the climate crisis become ever more stark, it feels like this latest attack, by the man in charge of his country’s environmental protection, is the worst of all.


Calmly, but with restrained fury, Ben tells us how he has gone about assessing Pruitt’s claim that, over the last two decades, atmospheric temperatures measured from satellites have not increased. It fits the bill, Ben explains, for what is known in science as a testable hypothesis. It doesn’t go against the scientific grain to make a supposition, no matter how outlandish. But for a supposition to have any validity as a scientific hypothesis, it must stand up to testing against observed reality. Although it’s a test that Pruitt has no interest in carrying out, Ben has gone to the trouble of doing so himself.


Our colleague has calculated warming trends from all of the different satellite data sets available and worked out if any of them have dropped below levels that could be explained by natural variations in climate.7 The results are quite clear: they haven’t. In fact, Ben has shown that the chance of Pruitt’s supposition being correct is vanishingly small. The well-established reality of global warming being a hoax is as unlikely as the experimentalists at CERN having made a mistake in detecting the Higgs boson. It’s an analysis that Ben plans to publish in an academic journal. It won’t change Pruitt’s mind, but it is important to set it down, for the record.


What more can we do, I ask Ben after he has finished speaking, to get our message across? It is easy to make these misleading claims again and again is Ben’s answer. We have to keep countering them, even if it’s a slow process which gets much less attention than the original falsehoods. I can see his point. It’s frustrating, but as scientists who care about our findings being taken seriously, it has to be done.


And yet, it doesn’t seem enough. Rebuttals like Ben’s reach only a small audience who have access to the relevant technical papers. A wider public, unversed in the details, can hear only claim and counterclaim, a false balance that can lead to too many people thinking too much is uncertain. The strength of evidence built up over years that points towards human not natural causes for global warming gets lost. It’s a point that the forces of climate change denial know only too well. People like Pruitt, supported by a rump of pseudoscientific so-called ‘climate sceptics’, have weaponized doubt in the service of the fossil fuel industry. To preserve business-as-usual profits for as long as possible, their aim has been to promote delay in tackling this most urgent of global issues.


For a scientist who helped uncover that evidence and knows the terrible risks further emissions of greenhouse gases will bring, it is disheartening. Like Ben, I have been working in this field for over two decades, developing the understanding of climate change, explaining my findings and setting out what needs to be done to avoid the worst impacts of climate change. Like him, I have had to deal with attacks on my integrity. Like him, I had hoped that, after all these years of struggle, assaults like this would finally be over, that the overwhelming majority of governments and citizens would have accepted the reality of the climate crisis and have set about tackling it with the urgency it requires.


With these reflections comes a realization that there is something more I can do. There is a story I have to tell. It’s one that has not yet been told but which needs to be widely understood if the planetary catastrophe caused by ongoing greenhouse gas emissions is going to be averted in the nick of time.


*


I have long been interested in the natural world. When I was growing up, I often went hiking in the Lake District with my family. It was there that I learnt to love the great outdoors with its precarious beauty and its possibilities for adventure. While at university, I worked during the vacations as a walks leader in Snowdonia, for which a keen appreciation of changes in the weather was as vital a skill as an ability to accurately read a map. With such a background, it was perhaps inevitable that one day I would combine my interests in science and the environment.


I studied for my PhD at Imperial College in London, where I researched the transport of radioactivity from the explosion at the Chernobyl nuclear reactor in 1986. I calculated how atmospheric winds carry radionuclides vast distances and how clouds concentrate them locally. My results explained why the sale of Lakeland sheep needed to be restricted for years after rain, polluted by an accidental release one week earlier and 2,000 kilometres away, had contaminated the fells.8 The Chernobyl disaster provided a lesson to many across Europe: deadly atmospheric pollution is no respecter of national boundaries.


After my doctorate, I carried out research at Edinburgh University into ozone depletion. The ozone layer in the upper atmosphere protects people and animals from the damaging effects of ultraviolet solar radiation. But in the mid 1980s it was discovered that the ozone layer was being destroyed by chemicals released from fridges and deodorant sprays. Thankfully, in 1987, international action was taken to start replacing the offending chemicals with non-damaging alternatives. By the time my postdoctoral research contract came to an end in the mid 1990s, the concentrations of the offending chemicals in the atmosphere were starting to decrease. It would take many more decades for the ozone to recover, including the alarming ozone hole that had opened up above Antarctica. But more serious damage had been averted thanks to prompt international action informed by scientific advice.9


I was reluctant to leave Scotland. It was where my wife and I had met and where we enjoyed mountain climbing and exploring the West Coast’s lochs and islands. But the Met Office was offering me a permanent job and Pierrette could transfer her music studies to Reading University. John Mitchell, the Met Office’s chief climate modeller, recruited me to work on what was now the most pressing environmental issue facing humanity – climate change. I had been assigned to work in a fascinating new field of climate research, the search for the fingerprints of human-induced climate change in meteorological data. With a first degree in mathematics, I had long been intrigued by the presence of patterns in nature. Now I would be looking for unnatural patterns in nature, developing new mathematical techniques to hunt them down and using one of the world’s largest supercomputers to do so.


I was delighted to be working at the Met Office’s Hadley Centre for Climate Prediction and Research, one of the world’s leading institutes in climate science.10 But I quickly discovered that this bright new endeavour came with a darker side. The research was under attack from a plethora of lobby groups promoting climate change denial. This was not the normal cut and thrust of rigorous scientific critique, which is a legitimate and necessary part of the scientific process. This was something else entirely, a concerted attempt to discredit our work, not because of its shortcomings but because of its inconvenient implications for people whose vested interests could be damaged by what we found out.


I first met Ben Santer six months into my new job when I travelled to San Francisco for my first international conference in climate change. At an extraordinary session of the meeting, I saw him present groundbreaking new results linking atmospheric temperature changes to human-induced greenhouse gas emissions. I also saw his work attacked by a prominent ‘climate sceptic’. This was a man who received funding from the fossil fuel industry and who had previously tried to discredit the science behind ozone depletion. What I found most shocking was his accusation that Ben had distorted the latest report of the Intergovernmental Panel on Climate Change (IPCC), the body mandated by the United Nations to assess the latest scientific understanding, supposedly to further his own political ends. It was a baseless accusation, promulgated in the media and the US Congress, and designed to nullify a leading scientist whose research had devastating implications: that climate change was already, by the mid 1990s, a significant threat to the lives, livelihood and prosperity of billions and one that needed to be tackled urgently. Attending that meeting in December 1996 gave me my first taste of climate change denial.


I would have many more: in December 1997 when I was confronted by a leading climate denier at the international climate negotiations in Kyoto where I had travelled to present our latest scientific findings; at an extraordinary show trial of climate science in Moscow in 2004 where the climate denier community gathered to support attempts to prevent Russia ratifying the Kyoto Protocol to limit greenhouse gas emissions; when I acted as an expert witness in the High Court during a case seeking to prevent the 2006 Al Gore documentary about global warming, An Inconvenient Truth, being shown in schools.


All this time, we members of the International Detection and Attribution Group were finding more and more evidence for human influence on climate. In January 2007, I was present at perhaps the most eagerly awaited and best attended press conference in the history of climate science when the IPCC published its newest report.11 The scientific community had delivered their verdict – ‘warming of the climate system is unequivocal’ the report stated in the most strongly worded assessment yet – and soon it was the turn of governments to do their bit at a crunch climate summit in Copenhagen in December 2009. This was their chance to start turning our climate projections of ever more floods, droughts and famines, which were based on assumptions of continued emissions of greenhouse gases, into dystopian fictions. To do so they had to come to a collective agreement to drive down those damaging emissions.


The meeting ended in failure without agreement and in the wake of another vicious attack on science by the climate deniers. Alongside the failure of politicians, the ‘Climategate’ controversy, in which stolen emails were used to justify a false narrative that global warming was a hoax, damaged public trust in climate change as a pressing issue that needed to be urgently addressed. I had been working in the field for over a decade by then, and was leading a group of thirty scientists who were monitoring as well as attributing changes in climate. From what we were seeing – more intense heatwaves and floods, rapidly melting Arctic ice, rising sea levels – there was no time to waste in dealing with the mounting climate crisis. Yet time was being wasted, thanks in no small part, to the efforts of the climate deniers.


If there was hope, it seemed to come, ironically perhaps, from the very people most affected by the mounting toll of extreme weather events. In January 2013, having travelled to Tasmania for a meeting to develop the next IPCC report, I met a family who had narrowly escaped death when their home was suddenly engulfed by forest fires the week before. They, like the other people at a public meeting I addressed, knew that the record-breaking heat that led to the fires was no accident, that global warming was most definitely not a hoax. And they wanted to know what could be done to prevent more of such disasters in future. For many around the world facing the ravages of unprecedented weather extremes, reducing greenhouse gas emissions had become, literally, a matter of life and death.


Eventually, an international agreement to curb greenhouse gas emissions was reached, in Paris in 2015. Under the agreement, countries have started taking domestic action. In the UK, the Climate Change Act mandates government to reduce emissions in line with the latest scientific advice provided by the independent Climate Change Committee. To many, including those of us who found the evidence for human-induced climate change, it seems like there is hope, at long last, that the climate crisis can be solved, even though we have yet to see global emissions starting to reduce in practice.


Having spent twenty-five years on the front line of climate science, I know the stakes at play if humanity does not act quickly. Already, delay has incurred devastating costs in lives and livelihoods from increasingly damaging heatwaves, floods, droughts and storms. The costs of further delay are even greater. If global warming is allowed to continue unchecked, humanity might not be able to feed itself, many coastal cities could need to be abandoned, and large parts of the earth could become uninhabitable. To avoid the worst effects of climate change, countries pledged in Paris to keep global warming to well below 2 degrees Celsius relative to pre-industrial levels. To do so, emissions must start ramping down sharply over the next few years and reach net zero over the next three or four decades. The task is not impossible but it is now much harder than if humanity had acted sooner. For that, the climate change deniers bear a heavy responsibility.


I have a story to tell, an insider’s guide to one of the most complicated and divisive issues of our time. It is a story to counter the false and damaging claims spread by people like Pruitt, to set the record straight. It is also a story of hope.


By eliminating our dependence on fossil fuels, we face a better future in which our children can breathe clean air and our grandchildren can enjoy the riches of a habitable and sustaining planet. The pedlars of doubt, with their vested interests in preserving the status quo, have persistently tried to deny the world that hope. It’s a delay that has already cost us dearly, thanks to the rising impacts of a changing climate. If we want to reach that better future, it’s a delay that can’t go on.


The battle against climate change denial has taken place behind the scenes, in laboratories and conference halls, in courtrooms and parliamentary hearings. I know what went on. It’s time that you did too.










1


Fingerprinting the climate


The week before Christmas 1996, I presented my first work on climate change at an international scientific meeting.1 Usually, a debutant on the conference circuit gets a chance to break themselves in gently. They might present a talk at a low-key side meeting, put up a poster on a board surrounded by thousands of others, or simply listen to the findings of more experienced colleagues. Instead, I found myself describing my early results to one of the most eagerly awaited sessions that the annual meeting of the American Geophysical Union (an international non-profit scientific association) has ever seen.2


Each year, the Moscone Center, a cavernous underground complex of halls a couple of blocks from the heritage cable cars and thrusting skyscrapers of downtown San Francisco, welcomes tens of thousands of scientists from around the world. From the study of the sun’s surface to the interior of the earth’s core, from the weather on Mars to our own world’s ocean currents, this huge meeting covers the latest advances in the geophysical sciences. It’s quite a circus.


The wide subterranean lobbies bustle with activity. People queue up in front of coffee stations and hurry in and out of restrooms, old friends gather in sociable huddles and collaborators sit together at tables peering at laptops. In odd corners, smartly dressed young scientists, hopeful of impressing future employers, silently rehearse their upcoming presentations.


But it is through the double doors in the meeting rooms themselves that the real action of the week takes place. In a host of halls across the complex, postgraduate students, postdoctoral researchers, tenured academics and emeritus professors present their latest research findings from microphoned platforms to serried ranks of chairs. Delegates who are not presenting at that time can pick and choose from the multiple sessions taking place in parallel. They can dip in and out, grazing for the scientifically most interesting titbits, or settle into a session for the duration, spend the time with a community of specialists and catch up with all their latest progress. The scale of the centre and the grandeur of the rooms means there are usually enough seats for everyone.


Even before our session in December 1996 began, every spot was taken. The theme – the detection and attribution of climate change – had until recently been rather obscure and pursued by only a handful of researchers. But this year it had been thrust into the limelight. Right at the start of my career in climate science, I was going to be presenting my early results to a huge crowd. It felt like a very intimidating initiation into my new field of research.


At the start of the year, the Intergovernmental Panel on Climate Change (IPCC) had published its latest report.3 Previously, the United Nations body charged with assessing the latest scientific understanding had not been able to say whether past warming was human-induced or natural in origin. Now, it had come to a very different conclusion, that ‘the balance of evidence suggests a discernible human influence on global climate’. It was a conclusion that would have major repercussions.


A carefully considered summation of the latest findings by the small band of researchers who made up the International Detection and Attribution Group (which had been founded only the year before), the ‘discernible human influence’ statement prompted a bitter controversy. For the first time, the scientific consensus was that the finger of blame for climate change pointed firmly towards emissions of fossil fuels. This was not what the fossil fuel industry and many lawmakers in the US Congress wanted to hear. In recent months, they had tried to dispute the IPCC’s findings in a controversy that had reached the pages of national newspapers and been aired in Congressional hearings. The two leading protagonists in that dispute were due to speak at today’s session: Ben Santer, the climate scientist who had taken the leading role in crafting the ‘discernible human influence’ statement, and Patrick J. Michaels, State Climatologist of Virginia and vocal critic of the IPCC.


With that in mind, I shouldn’t have been surprised to see so many people here. But it still came as a shock. For the first time it struck home that this research field of mine was of interest to an awful lot of people.


I had arrived in good time with my two colleagues from Britain: Simon Tett, my mentor from the Met Office Hadley Centre, and Myles Allen, his energetic collaborator from the University of Oxford, and we had found a place near the front next to an aisle. Even before the talks had begun, people had lined up against the back wall and along the huge sliding partitions that separated our hall from the much quieter ones on either side. Late arrivals were leaving again through the thick double doors behind us, looking disappointed. There was an excited hubbub of chatter and some of the other speakers were standing around at the front getting a feel for the atmosphere.


Despite the crowds, ours was a regular session of the conference that featured many technical presentations that provided incremental advances to scientific knowledge. My talk was going to present one of those advances. After just four months working on the subject of climate change, I could hardly have expected to have already made an earth-shattering discovery. But the work I was about to present was relevant to the high-stakes research question that had drawn in the crowds. I hoped people would find my findings interesting and worthwhile. Most of all, with so many eyes trained on me, I hoped I wouldn’t make a fool of myself.


A hush had descended, the lights had dimmed, and the chair was inviting the first speaker up to the raised podium to begin the session. Not a word of what they said went in, nor did any of the colourful pictures projected on to the giant screen in front of me make any sense. Instead, I was consumed with apprehension as to how I would appear to all these hundreds of people, once I too had climbed the steps, clipped on my microphone and begun to talk. The time raced by. The audience clapped my predecessor. And then, without even being aware of how I had got there, I found myself standing on the same spot that the previous speaker had just vacated.


I dared to look down at the dimly lit sea of faces in front of me, took a deep breath and began to speak. Using data crunched by the Hadley Centre climate model, I told them, I had compared trends in surface temperatures with those expected from natural climate oscillations. Warming at the earth’s surface, I had found, was now outside the envelope of temperatures that could be explained by natural processes.4 To detect changes in climate, you had to look at the data over twenty years or more. Over a decade, temperatures could cool, even in the presence of greenhouse warming. With climate change it was important to look at the long-term picture. When you did, the data showed that recent warming was highly significant.


In a flash, my allotted time was up. People clapped politely and I was free to return to the safe anonymity of my seat in the vast crowd. A career hurdle overcome, I was at last capable of listening to the other speakers. Soon we would come to the main attraction. But first we would hear from other members of the supporting cast, including those of my slightly more experienced British colleagues, Simon and Myles. It was their boyish enthusiasm that had infected me with a strong passion for my newfound area of research. They had taught me a lot, these peers of mine, since I joined the Met Office Hadley Centre in July. They had been investigating the causes of climate change for over a year. I had several years’ experience in other branches of atmospheric science, including researching the environmental consequences of the Chernobyl nuclear accident and the depletion of ozone by destructive chemicals. But I was new to this particular specialism and I had much still to learn. Compared with me, my two colleagues were veterans.


Simon rushed through his latest results with eager excitement. He had studied atmospheric temperatures high above the ground as measured over recent decades by weather balloons. He found that how they were changing could best be explained by taking account of human activities. His results confirmed previous expectations, that greenhouse gas emissions should warm climate, affecting temperatures not just at the surface but aloft as well.5


Myles was up next and looked totally at home in front of a large and expectant audience as he expounded his new idea. He wanted to improve our understanding of climate change by developing a new method for working out exactly how much warming was caused by human activities. Air pollution in past years had obscured the sky and shielded the earth from some of the sun’s rays, holding back warming from the increasing greenhouse gases in the air. Exactly how much was still uncertain. Myles had developed a set of detailed equations to work it all out. His engaging style was attractive even though I couldn’t see many people following his complicated mathematics.6


There were other speakers from other institutes. Like ours, they were technical addenda to the main business that had filled up this hall to overflowing. It was normal business during a technical session of a scientific congress. But unusually, rather than presenting to a handful of interested specialists, this time we had found ourselves presenting to the massed ranks of the world’s geophysicists.


At last, we had arrived at the promised showdown when the two principals would be invited to make their respective cases. Patrick J. Michaels strode confidently around the stage, eschewing the mathematical equations and colourful illustrations that had featured in previous talks. Instead he talked to a sequence of bullet-pointed position statements projected on to the giant screen behind him. Global warming was not a problem, he claimed.7 Natural processes caused much larger changes in climate than any human activities could produce. The IPCC had become politically compromised.


And then it got personal. According to Michaels, the work of Ben Santer was fundamentally flawed. Michaels claimed that the changes Ben had attributed to human activities in a paper recently published in the prestigious scientific journal Nature were in fact entirely natural. Temperatures in the lower part of the atmosphere had warmed differently in the southern hemisphere than the northern hemisphere, a feature that could not be explained by human causes according to Michaels.8 Not just that, Ben had been instrumental in distorting the latest IPCC report, including its conclusion that there was ‘a discernible human influence on global climate’, for political ends. The effect of this political misuse of science, he claimed, was to deceive policymakers and the public into falsely believing human activities were causing global warming thereby promoting unnecessary restraints on economic growth that would destroy world economies.9


It was a slick presentation, easy to follow and clear in its conclusions. It was also now clear what all the fuss was about, why every seat was taken, and why an expectant stillness had fallen about the audience as we waited for Ben’s response. Given the recent history of the climate change issue, I too was eager to hear what he was going to say.


The reality of the earth’s greenhouse gas effect had been established back in the nineteenth century. And concentrations of carbon dioxide in the atmosphere, the main greenhouse gas associated with human-induced emissions, had risen steadily since monitoring began in the late 1950s. But widespread awareness of climate change as a global issue did not emerge until the late 1980s with a growing concern that atmospheric temperatures were also starting to rise. The United Nations established the Intergovernmental Panel on Climate Change in 1988 to assess scientific understanding of the issue. The same year, British prime minister Margaret Thatcher gave a speech at the Royal Society, in which she said that humanity had ‘unwittingly begun a massive experiment with the system of this planet itself’, and two years later she opened the new Hadley Centre for Climate Prediction and Research at the Met Office.10 Then, in 1992, the United Nations held the Earth Summit in Rio de Janeiro at which nations agreed to stabilize greenhouse gas concentrations in the atmosphere ‘at a level that would prevent dangerous anthropogenic (human-induced) interference with the climate system’.11


With the potential for global action on climate change, lobby groups started to form to fight back against possible regulation. Generously funded by the oil, auto and coal industries, groups like the Global Climate Coalition, founded in 1989 by ExxonMobil and the American Petroleum Institute, supported a small group of contrarian scientists – of which Michaels was one – to attack the science of climate change.12 For many years, climate science had received little attention outside of research labs and specialist conferences. By the mid 1990s, all that had changed.


It was the emerging field of detection and attribution of climate change that was bearing the brunt of this new attention. In past years, the focus of climate research had been on trying to predict global warming by the end of the twenty-first century, a distant prospect of no immediate concern to many people. But now, thanks to the research carried out by Ben and other members of the International Detection and Attribution Group, the IPCC had concluded that climate had already, by the mid 1990s, changed significantly. The threat posed by emissions of greenhouse gases was no longer a distant one requiring action in years to come. Instead, we had shown, it was a present one, requiring action now.


The world was facing a huge decision, whether to cut back its use of fossil fuels and, in doing so, radically change its entire means of energy generation. That decision rested on the headline conclusion from the IPCC that humans were influencing climate. In claiming that this finding was fundamentally flawed, Michaels was disputing not just Ben’s scientific insights and integrity but also the entire basis on which many nations were now arguing climate change should be urgently addressed.


Having met him a few days before at his lab nearby, the claim that Ben was part of an international conspiracy to fraudulently mislead the American public seemed ridiculously far-fetched. But this audience knew, like I did, that the scientific claims Ben was making were not beyond reasonable challenge. Identifying the signal of human-induced climate change amid the large natural variations of our constantly varying climate pushed at the limits of current climate science. Observations were limited and climate models were still in the early stages of development. The crowd of sceptical geophysicists here in the hall were not going to accept claims about the causes of climate change, whichever way they went, without convincing evidence.


Ben’s presentation style was very different from Michaels. Rather than roam about the stage like Michaels had done, Ben sheltered behind the lectern while he earnestly and laboriously laid out his case by means of a sequence of detailed illustrated slides. He first explained how atmospheric temperatures had altered over the last twenty-five years, as observed by weather balloons. Pointing to a large coloured map showing how temperatures had changed with height and across the latitudes of the earth, Ben showed us that there had been dramatic cooling high above the South Pole. Cooling was also present elsewhere in this upper part of the atmosphere called the stratosphere, the atmospheric layer where ozone shields the earth’s surface from the harmful effects of ultraviolet radiation. Lower down, in the layer of the atmosphere which contains our weather systems called the troposphere, there had been warming. But just as Michaels had already described, this warming was not uniform. Instead, it was greater in the southern hemisphere than the northern hemisphere.13


To explain this complex picture properly, Ben told us, you had to consider how all possible climatic factors had affected the atmosphere. To illustrate this, he showed us some more plots, this time of how temperatures responded individually to the different factors, as calculated by the climate model. Ozone-destroying chemicals had cooled temperatures in the stratosphere. Burning fossil fuels had increased the concentrations of carbon dioxide and other greenhouse gases in the atmosphere, warming the troposphere and further cooling the stratosphere. And burning fossil fuels had another important effect.14


Small particulates of pollutant and water, known as aerosols, had formed in the air. These aerosols had reflected sunlight and made clouds brighter. Their effect was to cool climate. The importance of this effect had been demonstrated by my boss John Mitchell and other Hadley Centre colleagues including Simon Tett in a paper published the previous year in Nature.15 By including this effect in the Hadley Centre climate model, they had improved the model’s simulation of past temperature changes at the surface. It was evidence that global warming from increasing greenhouse gas concentrations was being moderated slightly by the cooling effects of aerosols.


Ben had looked into the effects of aerosols in more detail. Because there was more industry in the northern hemisphere polluting the air, the cooling effect of these pollution aerosols was greater north of the equator and the overall warming was consequently less there than in the south. Michaels had claimed the different rates of warming in the two hemispheres could only be explained by natural factors. Instead, Ben concluded, human-induced pollution was a much more likely explanation.


Crucially, the troposphere had warmed in both hemispheres, and this warming could only be explained by the increasing concentrations of greenhouse gases in the atmosphere. Thanks to a combination of ozone depletion and increasing greenhouse gases, the stratosphere had cooled. The observed pattern of tropospheric warming and stratospheric cooling was a smoking gun that pointed firmly towards human not natural causes.


Ben had investigated all the possible alternatives and come to the only possible conclusion given his careful examination of all the available evidence. Humanity had altered the planetary atmosphere in a significant way. If correct, and his case was persuasive, there was no going back from this. To understand more about how emissions were altering earth’s climate, we scientists would have to seek out the fingerprints of human activity in other aspects of climate, including in temperatures across the surface of the oceans and land, in rain and snowfall, in droughts and storms. And as our evidence grew, governments and citizens would need to take our findings seriously before it was too late to save a planet’s climate that over past millennia had given civilizations the opportunity to flourish.


Emerging blinking into the warm West Coast sunshine, Simon, Myles and I went in search of lunch. At a nearby café we bought ourselves a sandwich and a soda. Fired up by the session, Simon and Myles embarked on a vigorous discussion about how we could improve our techniques for calculating exactly how much of past warming was due to greenhouse gas emissions. Pleased that I’d survived my first talk at an international climate conference, I just wanted to eat.


Later I went shopping. With Christmas fast approaching I had presents to buy. Now that the main purpose of my trip had been accomplished I could allow myself to break away from my fellow British detectors and walk downtown towards the decorated tree in Union Square and Macy’s department store. Cable cars clanked by, shoppers thronged the sidewalk and I thought about the conference.


Michaels’ accusation that Ben had manipulated the report by the IPCC seemed outrageous. Ben had given a large part of his life over the last three years to the IPCC, working alongside many other scientists in carefully and sceptically assessing all the available evidence. Yet he had come under vicious attack from Michaels for doing so based on a partial and misleading interpretation of reality. Michaels may have had the greater oratorical skill, but Ben’s scientific profile was much higher. That didn’t seem surprising, given their different attitudes to winkling out the truth behind events. Michaels and his fellow contrarians had been dubbed climate change sceptics. But the true sceptics were scientists like Ben who based their conclusions on findings that stood up to critical scrutiny by fellow experts. Climate change denial seemed a better description of what Michaels was up to.


Now people had seen for themselves how flimsy the scientific arguments of Michaels were, surely they would dismiss his depiction of an IPCC report-writing process he had not participated in himself and few people outside the small group of scientists involved properly understood. More widely, people should assess the scientific evidence for climate change on its merits, not on rhetorical descriptions no matter how colourful. As the climate change issue rose in prominence, it would become more and more important that the mainstream scientific view was taken seriously and not derailed by a few contrarian voices. Surely, progress on tackling climate change would benefit from well-founded scientific advice, and not be hindered by partisan lobby groups well funded by the fossil fuel industry.


Maybe it was the balmy California weather that made me feel so optimistic that rational argument would prevail. Winter seems a long way off when temperatures are nudging 70 degrees Fahrenheit and there is a clear blue sky overhead. If reasonable people no longer doubted there was a link between greenhouse gas emissions and global warming, now it would be all about figuring out how bad the climate change problem really was. Perhaps Ben and the rest of our quirky little battalion of climate investigators could get on with the job, free of political interference and intimidation?


To my surprise, this optimism endured my flight back across the Atlantic. Sitting at my desk at the Hadley Centre, an anonymous three-storey office block on a dual carriageway in the suburbs of Bracknell, I enthusiastically set about writing up the results I’d presented in San Francisco. Working with my mentor, Simon Tett, I prepared a draft paper for submission to an academic journal. Our paper, which we titled, ‘Scale-dependent detection of climate change’, showed that global warming would take at least two decades to manifest itself. This is what we had seen over the previous twenty years as significant global warming emerged. Equally though, a temporary hiatus in warming was possible, even with substantial warming from greenhouse gas emissions.


It was exciting to submit my first scientific paper to the highly respected Journal of Climate such a short time after starting work at the Hadley Centre.16 Having trained as a mathematician for my first degree, this opportunity to bring my analytical skills to bear on the emerging issue of climate change was one I grasped eagerly. Even so, I was joining a branch of the science involved – detection and attribution – that hardly anyone in the UK appeared to have heard of. Only when I found myself in the crowded and expectant hall at the American Geophysical Union in San Francisco had I realized what I’d let myself in for, and how significant this new field of research would turn out to be.


And now I had a result that was ready for publication. If it wasn’t revolutionary, my finding did add another piece of the puzzle of what was going on with global warming. If after being reviewed by experts my paper were accepted by the journal, this would be my first peer-reviewed publication in climate science. I would have joined the lineage of those who had advanced our collective understanding of climate change, taking it from a fringe issue understood by few to a story that would appear on the front pages of national newspapers around the world day in day out.


*


That lineage began with French mathematician, Joseph Fourier, who in the 1820s proposed that the earth’s atmosphere was warmer than it would otherwise have been thanks to what is now known as the ‘greenhouse effect’ (although Fourier did not use that term himself, the first usage of the greenhouse analogy being attributed to a Swedish meteorologist called Nils Ekholm in 1901).17 The confirmation of the greenhouse effect has traditionally been credited to Irish scientist John Tyndall who, in 1859, experimented by shining light through a variety of gases and found that carbon dioxide soaked up energy in the infrared part of the spectrum. But a recently digitized copy of the American Journal of Science and Arts proves that a similar discovery was made three years earlier by a female scientist called Eunice Foote.18


Eunice Foote was a scientific researcher, inventor and women’s rights campaigner who lived in New York State and whose experiments involved exposing tubes containing different gases including carbon dioxide to sunlight. Her results were presented to the Annual Meeting of the American Association for the Advancement of Science in 1856, not by her but by a male scientist called Joseph Henry (it being uncommon at that time for women to speak at such meetings) and were then published in the American Journal of Science and Arts. ‘The highest effects of the sun’s rays I have found to be in carbonic acid gas,’ she wrote, carbonic acid gas being the term used at that time for carbon dioxide. ‘An atmosphere of that gas’, she continued, ‘would give to our earth a high temperature; and if as some suppose, at one period of its history the air had mixed with it a larger proportion than at present, an increased temperature... must have necessarily resulted.’


Foote did not limit the radiation shining through her apparatus to the infrared part of the spectrum as Tyndall, who had access to more sophisticated equipment, would do later.19 But she was the first to make the connection between carbon dioxide and climate change. When Tyndall made the same connection later in publishing his findings, he did not appear to be aware of Foote’s work. In any event, by the 1860s the demonstration had been made that atmospheric carbon dioxide was a powerful absorber of infrared radiation – heat, in other words. Incoming energy from sunlight warms the earth’s surface, which then radiates energy upwards at longer infrared wavelengths. This infrared radiation excites the molecules of carbon dioxide, methane and water vapour in the air, and warms the atmosphere. Without these ‘greenhouse gases’ in our atmosphere, solar energy absorbed at the earth’s surface would be radiated straight back to space and it would be about 33 degrees Celsius colder as a global average. Instead, like a well-equipped climber wrapped up in layers of woolly fleece, greenhouse gases keep more of our planet’s body heat in, allowing life to flourish.20


It was a Swedish chemist called Svante Arrhenius who, in the 1890s, first looked in more detail at what would happen if the concentration of greenhouse gases in the atmosphere changed. He made a rough calculation of the impact of doubling carbon dioxide, taking account also of the resultant increase of atmospheric water vapour, another greenhouse gas being evaporated off a warmer ocean. His answer was that the earth’s surface would be about 5 degrees Celsius hotter, a result not that different from modern estimates. Thanks to Fourier, Foote, Tyndall and Arrhenius, the groundwork was laid for the now long-accepted fact of greenhouse warming.


What was not long accepted was whether human-induced emissions of greenhouse gases, including carbon dioxide, methane and nitrous oxide, could change climate enough to matter. In 1938, Guy Stewart Callendar, a British engineer and amateur meteorologist, proposed that global temperatures were rising due to increasing carbon dioxide levels, although most scientists, including Callendar himself, were sceptical this was a significant effect.21 The question remained: was the artificially enhanced greenhouse effect of human activities an insignificant perturbation to a naturally variable climate that had seen Vikings growing barley in Greenland and Londoners throwing Frost Fairs on the Thames or was it capable of taking our planet into a vastly different and deeply perilous climatic state?22


The first step to answering this question was made by Charles David Keeling who set up an observatory in 1958 at the summit of the Mauna Loa volcano in Hawaii to monitor carbon dioxide levels in the atmosphere. These remarkable measurements taken ever since by him and his son Ralph Keeling have shown a steady rise of this powerful greenhouse gas. When they started, more than sixty years ago, concentrations measured less than 320 parts of carbon dioxide per million parts of air. Ever since, concentrations have been ticking upwards, to start with by about one part per million each year and more recently by over two parts per million each year, at a rate such that carbon dioxide concentrations have now well surpassed 400 parts per million.23


Nine years into the Keelings’ remarkable testimony of rising carbon dioxide levels, Japanese scientist Syukuro Manabe, who was based at the Geophysical Fluid Dynamics Laboratory in the United States, published the results of an early climate model with fellow researcher Richard Wetherald. The Manabe and Wetherald paper is on the obligatory reading list of any aspirant climate scientist because it announces a crucial discovery.24 The incoming radiation from the sun and the greenhouse effect are not the only factors affecting atmospheric temperatures.


The other vital factor, Manabe and Wetherald discovered, is the process by which temperature changes at the surface are closely tied to temperature changes above. When moisture is evaporated from the surface it cools the surface and warms the atmosphere when that moisture condenses to form water droplets in clouds. Their climate model was the first to take this process into account. As a result, it was the first climate model to provide a realistic representation of the vertical pattern of temperature changes as greenhouse gases increase.


Throughout the 1970s and 1980s, the Keeling measurements showed atmospheric carbon dioxide concentrations continuing to rise inexorably upwards. This was also a period when surface temperatures started increasing after a period of stagnation in the 1950s and ’60s.25 Up until then, the link between greenhouse gas concentrations and global warming had been a largely theoretical one, a question of what might happen in future based on physical understanding and early climate models. Now, people were starting to ask whether this link had become a practical reality. Were the higher carbon dioxide concentrations being measured in Hawaii related to the global warming now being observed at weather stations across the planet?


In dramatic testimony to the US Senate on a swelteringly hot day in Washington DC in June 1988, NASA scientist James Hansen declared that global warming from greenhouse gas emissions ‘is already happening now’.26 In charge of monitoring global temperatures at NASA’s Goddard Institute for Space Studies, Hansen’s bold statement prompted strong responses from politics and industry.


The Republican candidate for that year’s presidential election, George H.W. Bush, promised to address climate change by countering the ‘greenhouse effect with the White House effect’. The oil industry too woke up to the potential threat of Hansen’s statement, in their case not of potential disruption to the climate but of possible disruption to their profits from regulation of their activities. They began to fund lobby groups to cast doubt on the scientific basis for any such action. One such group, the George C. Marshall Institute, issued its first report attacking climate science the following year and followed it up with a briefing in the White House. Their activities helped to stop the incoming Bush administration taking the global warming issue seriously.27


Hansen’s statement has since stood the test of time. But back then, there was no definitive proof that atmospheric temperatures really were changing unnaturally. Without such proof and with little political will to try to reduce mounting greenhouse gas emissions, the search was on to find the incriminating fingerprints of human interference on climate.


It was Klaus Hasselmann, the charismatic director of the Max Planck Institute for Meteorology in Hamburg, who initiated this scientific quest. Early in his tenure leading this prestigious institute in the late 1970s, Hasselmann’s main interest was in understanding the basic workings of the earth’s oceans. He was drawn to the properties of waves on the sea surface and the behaviour of water in the dense, dark depths below the surface.28


To help him, this wide-ranging intellectual heavyweight drew from the forefront of physical and mathematical theories including quantum mechanics, plasma physics and statistical science. He developed a new technique for detecting geophysical signals in noisy data which could be used to winkle out systematic changes in climate from natural variations.29 Such variations include the El Niño–Southern Oscillation, a huge swing in temperatures of the Pacific Ocean that brings warmer and colder surface waters to the western coasts of North and South America, and the Atlantic Multidecadal Oscillation, a decades-long variation in the current bringing warm salty water from the Gulf of Mexico up to the high Arctic. Hasselmann’s institute had made many advances in understanding these climatic oscillations. But eventually the question of whether climate was changing due to human activities became too compelling for him to resist.


In 1987, Hasselmann decided to apply his technique for detecting signals in noisy data to the problem of climate change. He hired a young postdoctoral researcher to tackle the problem, an American citizen who had grown up in Germany and who had recently completed a PhD at the University of East Anglia. His name was Ben Santer, and that appointment would mark the beginning of the field of study that became known as the detection and attribution of climate change.


Ben was asked to figure out what had caused the rise in temperatures at the surface over the past century. Global warming had not been steady but had risen most rapidly during the three decades leading up to the Second World War and then had surged again from the 1970s onwards after a prolonged period during the 1950s and ’60s when temperatures had stayed largely constant. Warming was generally greater over land than oceans. The Arctic had warmed faster than anywhere else. It was a complex picture. To decode it, Ben used Hasselmann’s detection technique for finding signals in noisy data. And he used the results of climate models.


Climate models have provided the basis for many of the discoveries made in climate science over the past few decades.30 A climate model is a bit like a film set. From the outside it’s nothing special, just many thousands of lines of impenetrable-seeming computer code. Like the unglamorous sheds at Pinewood Studios, it’s hard to imagine that anything remarkable could happen here. But once inside you can see the magic. Like the miracle of lights, camera, action, so a climate model recreates a whole world of movement. The winds blow, the oceans roar, the seasons come and go, the ice melts and freezes. And with such a tool Ben could explore our world, find out what would happen if the concentration of greenhouse gases were to change, the output from the sun vary or air pollution cause the release of climate-cooling aerosols.


Ben also needed a climate model to simulate how climate could vary naturally by itself. Natural climate oscillations, like the El Niño– Southern Oscillation or the Atlantic Multidecadal Oscillation, are emergent features of climate models, the physical equations of motion described in thousands of lines of computer code causing atmospheric temperatures to rise and fall periodically for years and decades at a time. These naturally occurring oscillations could explain at least part of the observed warming. Increases in solar activity could also have caused part of it. Air pollution could have cooled climate, particularly in the middle of the century, the time of the great smogs in the big industrial cities. And greenhouse gas emissions, from burning coal and other fossil fuels, could also have been a significant factor.


Ben had a lot to do and he needed help. He contacted colleagues from the Max Planck Institute and other climate centres who could assist with incorporating each possible effect into the climate models. He gathered up reams of data, not just from the models but from weather observations taken from far and wide. Then he compared his models with reality. By using Hasselmann’s detection technique, Ben hoped to distinguish the systematic surges in temperature caused by the human-induced drivers of climate, like increasing greenhouse gas concentrations, from the natural up-swings and down-swings in temperature caused by, for example, solar variations or the El Niño– Southern Oscillation. He received some guidance from his heavily committed directorial boss. But ultimately, it was down to Ben to piece together the pieces of this climate puzzle. The earth’s climate is a complex beast and Ben had a lot to wrestle with.31


The Max Planck Institute operates an arbitrary but strictly enforced policy that postdoctoral researchers are allowed to stay for no more than five years. By 1992, Ben’s time was up. No matter that he was an outstanding young scientist making steady headway on a difficult problem. He found himself looking for a new job and Hasselmann found himself looking for a new recruit.


Ben’s successor was a mathematically gifted researcher who had recently graduated with a doctorate in numerical fluid dynamics from the Ludwig-Maximilians University in Munich.32 Gabi Hegerl was as determined to make her mark in this new field of research as her predecessor. Picking up where Ben had left off, Gabi continued the quest to identify the causes of temperature changes at the earth’s surface. She realized that the effects of human influence on climate should be getting greater with time, increasing the level of agreement between the observed pattern of warming and the expected fingerprint of greenhouse gas influence. In earlier years, when the signal of human-induced climate change was rather small relative to the noise of natural climate variations, any agreement would be insignificant. But that could since have changed. Gabi wanted to see if the rising level of agreement between the greenhouse gas fingerprint and observations had now become significant.


Ben was recruited to work at a climate modelling institute situated on the California plains forty miles east of San Francisco that formed part of the Lawrence Livermore National Laboratory.33 The new employment made him rethink the focus of his research. As a result, he started to think about the thermal structure of the atmosphere.


Above the surface, temperatures drop by about 6 degrees Celsius for every 1,000 metres gain in altitude.34 The air gets thinner with height as less air bears down from above. At 4,000 metres, the altitude of many Alpine peaks, pressure has dropped by about 40 per cent and there is already a need for acclimatization, time for the body to adjust to the poorer levels of oxygen it finds in every breath.


All the mountains and all the weather on earth are found in the troposphere, the lowest part of our planet’s atmosphere. It is a remarkably thin layer, only 18 kilometres high at the equator and 6 kilometres at the poles. If the earth were the size of a wooden desk globe, the troposphere would be little more than the thickness of two layers of varnish.35 As air rises, it expands and the air molecules vibrate less energetically, which leads to cooling at the rate of about 10 degrees Celsius per 1,000 metres. But in many places moisture in the air condenses to form clouds, and this condensation process releases heat as water makes the phase transition from its vapour into its liquid form. Now the cooling is moderated by the latent heat of condensation. The net result is that, on average, air cools with height at a rate known as the moist adiabatic lapse rate, about 6 degrees Celsius per 1,000 metres.


Above the troposphere, in the next layer of the atmosphere called the stratosphere, temperatures stop falling with height and start to rise. Ozone is the cause. Energized by solar radiation, the same molecule that protects us from skin cancer by absorbing the sun’s harmful ultraviolet rays also warms the air. Considering the troposphere and stratosphere together, atmospheric temperatures have a distinctive profile, cooling with height for the first 6 to 18 kilometres depending on whether you’re nearer the poles or the equator, until you reach the tropopause, the point at which temperatures stop falling with height and begin to rise.36


Ben realized that the difference between how the troposphere and the stratosphere reacted to greenhouse gas emissions would be a distinctive fingerprint of human-induced climate change. While the troposphere warms in response to increasing greenhouse gas concentrations, the stratosphere cools. This is because the outgoing energy the earth radiates out to space has to equal the energy coming in from the sun. As the surface and lower atmosphere warm up due to the enhanced greenhouse effect, the upper atmosphere has to cool down to compensate, thereby keeping the overall energy radiating to space the same.37 If the sun were responsible for global warming, the atmosphere wouldn’t do this. Instead there would be warming at all heights, not just in the troposphere.


Klaus Hasselmann’s two protégés were leading the way in the hunt for climate signals. A few others were also involved in the search. In 1994, Australian scientist David Karoly found a significant pattern of tropospheric warming and stratospheric cooling in data from weather balloons, and in 1995, my colleagues at the Hadley Centre, including John Mitchell and Simon Tett, found a significant pattern of warming at the surface.38 But most of the efforts in climate science were in other aspects of the problem. Scientists were working hard to improve the representation of clouds, ice and oceans in climate models at centres in Australia, Canada, Germany, the United States and the UK where the Hadley Centre was gaining a leading reputation for climate research. And with those climate models, they were seeking to map out the potential changes in temperature, rainfall and sea level if greenhouse gas emissions continued unabated. There was a lot more to do if individual countries were going to be equipped with detailed projections of how their climate was set to change in coming decades. All the while, the definitive evidence that would prove climate had already changed due to human activities, remained elusive.


All scientific research is a race, a race to complete analyses before the funding dries up and to stay ahead of the scientific pack. Gabi and Ben were also in a race against a clock ticking down to publication of the latest report from the IPCC. Oil-producing countries like Saudi Arabia and Kuwait were quite happy that the previous report of the IPCC published in 1990 had been unable to say whether global warming was due to natural or human factors. They did not want to see blame levelled anywhere, least of all at burning fossil fuels. But for this second report of the IPCC, due to be finalized in late 1995, most countries were keen to see a more definitive conclusion if possible.


Gabi investigated temperature changes at the surface while Ben investigated temperature changes in the troposphere and stratosphere. They both faced the time-consuming task of compiling information from measurements made over many decades and comparing them with information from climate models. They analysed thousands of years of climate model data and millions of data points. Gabi worked with the University of East Anglia where researchers had compiled weather station data and ocean temperatures taken from ships and buoys. Ben contacted the Geophysical Fluid Dynamics Laboratory, which had compiled a data set of weather balloon measurements of atmospheric temperatures. It was laborious work. But it was necessary if they were going to find convincing evidence that pointed to the true cause of past temperature changes.


At last, just in time for their results to be included in the new report, the two pioneers in the detection and attribution of climate change published their groundbreaking findings. Gabi had found there was only a small chance that warming at the surface could be accounted for by natural factors. Ben had concluded there was little chance that a natural explanation could account for temperature changes aloft. Taken together, these results provided the most compelling case yet seen that human greenhouse gas emissions bore much of the blame for recent warming.39


The IPCC report was finalized at a meeting held in Madrid in November 1995. It was here that a short summary document representing the main conclusions of the report was agreed word by word by leading climate scientists and government representatives. Ben had led the writing of the chapter in the underlying report dealing with the causes of climate change. It was in this role that he went to the Madrid meeting, so he could help to ensure that the summary document correctly represented the scientific understanding of the causes of climate change.


The debate about how best to summarize the role of human influence on past warming took up much of that meeting. In the end, it all came down to one crucial sentence and took many hours – battling with the Saudi and Kuwaiti delegates who wanted to play down the scientific confidence in recent findings – before it was agreed. The resistance to scientific findings from these oil-producing countries in Madrid provided a foretaste of what was to face many more climate scientists in the years to come. But on this occasion, just a few minutes before the meeting was due to finish, governments unanimously endorsed the statement: ‘The balance of evidence suggests a discernible human influence on global climate’.40


This carefully constructed set of words took account of the remaining scientific uncertainties involved. Climate models were imperfect and observed changes had to be worked out from incomplete and imperfect measurements. Nevertheless, there was convincing evidence that humanity’s fingerprints were present in observed temperature changes. As a result, the world’s governments now accepted that global warming could be linked to human rather than natural causes.


The ‘discernible human influence’ statement was a landmark conclusion that reverberated around the planet. Countries now had a clear imperative to act on climate change. Thanks to the march of scientific progress, from Joseph Fourier who discovered the earth’s greenhouse effect, to Gabi Hegerl and Ben Santer who identified humanity’s fingerprints on rising global temperatures, governments knew enough to start agreeing binding targets for reducing their emissions.


They would still need to work out exactly what these targets would be. Given the dependence of many economies on fossil fuels, this promised to be a difficult and messy challenge for politicians to address. They would have to figure out which countries should reduce their emissions most, and how quickly they should aim to do so. But at least they had agreed on the science as presented to them by the IPCC. Human activities were causing the world to warm.


Just as politicians prepared to act, so the backlash against scientific progress began. Ben Santer had been at the forefront of that progress, writing one of the seminal research papers and leading the drafting of the IPCC report. As a result, he was the scientist most exposed to attack and would come to feel the wrath of forces opposed to any change in the fossil-fuel-powered status quo.


In the years to come, many others would come under fire including myself. The climate deniers had only just begun their attempts to derail progress in dealing with climate change. The antithesis of true sceptics, they would spread confusion by cherry-picking data, targeting individuals and promoting unsubstantiated claims. The stronger the scientific consensus became, the harder they would work to frustrate attempts by the mainstream – and genuinely sceptical – scientific community to warn the world about the dangers of continued greenhouse gas emissions. We climate scientists would need to convince governments and citizens of the reality of those dangers, a message that they might not want to hear. It wasn’t going to be easy. And climate deniers would do their utmost to make it a whole lot harder.


With my presentation at that highly charged session in San Francisco, and the acceptance of my first climate science paper in a peer-reviewed journal the following year, I was now in their sights. I was a published researcher and a member of the small group of climate change detectors who were in the vanguard of the developing science of climate change. At the end of the year, governments would meet in Kyoto to try to thrash out a deal to reduce their emissions of greenhouse gases. I was asked to travel to the meeting in Japan to present our latest results. I would not have to wait long to come face to face with one of the leading lights of climate change denial.
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