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PREFACE TO THE PAPERBACK EDITION

The manuscript for the hardback edition of this book was submitted to the publishers in the summer of 2019. We wrote there that ‘we must expect to be hit by an epidemic of an infectious disease resulting from a virus that does not yet exist’. On 30 January 2020, the World Health Organisation declared that COVID-19 was ‘a public health emergency of international concern’.1 The global pandemic had been officially acknowledged. In little more than a year, over 150 million people contracted the disease and over 3 million died.

Some readers may think that we demonstrated an unusually high degree of prescience. They would be wrong. We could say that such an event was likely to occur. But we were wholly unable to predict when, or where, or what type of virus would emerge.

COVID and radical uncertainty

COVID-19 is an example of what we call ‘radical uncertainty’. It is not a ‘black swan’, to use the phrase popularised by Nassim Taleb; an event which it would be impossible to conceive until it had happened. We knew pandemics were possible, even likely. But there was no way in which one could attach a probability to an event such as ‘the emergence of a highly contagious virus from Wuhan in China in December 2019’. And the attempt to do so would have proved a distraction from the real challenge which the pandemic posed; not to predict such occurrences better, but to improve the resilience of public health services to combat such an epidemic more effectively whenever it might arise.

Some economists describe events such as COVID-19 as a ‘shock’, an outcome that could not have been predicted and about which we know nothing until it has occurred. They have identified many similar ‘shocks’ which have upset macroeconomic predictions in recent decades: the oil shocks of the 1970s, the boom and bust of the ‘new economy’ at the start of this century, and the collapse of Lehman Brothers in 2008. But these confessions of ignorance are not only craven; they are excessive. We knew that the oil price would respond to instability in the Middle East, that financial bubbles have occurred in the past, and that a pandemic was likely at some point. Since we knew the generic characteristics of pandemics, we could have taken action to prepare for one. The fact that we could not put a probability on a particular epidemic breaking out in late 2019 did not mean that we had no useful information at all. Good decisions stem from using non-quantitative information combined with experience and learning from others.

When we – the authors – use the word ‘we’ in the preceding paragraph, to whom do we refer? ‘We’ stands for our collective knowledge, the general knowledge of the world born of human experience, available to everyone through social learning. Intelligence is the ability to apply that knowledge to resolve individual problems; collective intelligence the ability to use that knowledge through social institutions – businesses, communities and governments – to tackle societal problems.

The scale of collective knowledge is what makes humans the dominant species on the planet. Uncertainty exists when we have incomplete knowledge about the future, or even the present and sometimes the past. Some of this incompleteness individuals can resolve by looking up the answer in a book, or on Google and other online sources of information, if and when they need to know the answer – the ease of access to collective knowledge is perhaps the most remarkable innovation of our times. Some of this incompleteness can be resolved by research. It was possible within a very short time to isolate the virus, identify its genetic sequence, then begin the successful development of vaccines. Advances in collective intelligence have put society in an incomparably better position to deal with COVID than was true in other pandemics in history, such as plague, cholera and Spanish influenza. Such uncertainties are wholly or partly resolvable.

Other uncertainties resemble the outcome of a well-defined lottery – such as tossing a coin or rolling a die in a casino – in which all the possible outcomes can be described in advance and the probabilities of each of them can be calculated using well-established statistical techniques. These uncertainties are also resolvable. They can be tamed by mathematical calculation. But they account for only a small fraction of the problems we confront.

In contrast, radical uncertainty describes a situation in which we cannot enumerate a list of all possible future outcomes to which we can then attach probabilities. Most important personal, business, financial and political decisions are of this kind. They reflect unique situations in which we know something, but not enough to attach probabilities to a well-defined set of future outcomes. Although COVID-19 was neither the first nor the last pandemic to hit the world, it was sufficiently different from previous episodes to make it impossible beforehand to compute a probability of its arrival in 2020. We do not know enough about the mechanisms that give rise to novel viruses to estimate the frequency with which they will occur, or how serious they will be, or how they will be transmitted. If we did have such knowledge, we could do much to avert them. And then historic data on past pandemics would be of little use to us.

Financial markets and radical uncertainty

There are many analogies between speculative crises and epidemics. Both are contagious processes. Beliefs – true and false – spread among the population as viruses do. Both are illustrations of radical uncertainty. We know they will occur, but not when or how.

History is littered with banking crises – as it is with pandemics – and so it was likely that at some point after the Great Depression of 1929–33 another such event would occur. And in the run-up to the global financial crisis of 2008, there were many signs of stress in the financial system. But those concerns, although they should have prompted action, could not have been expressed in the form of a probability that, for example, Lehman Brothers would collapse in September 2008. And if we did have the knowledge that would enable us to formulate such a probability, the collapse would likely not have occurred.

As a species, humans have proved rather good at coping with and adapting to complexity and radical uncertainty. We have survived pandemics and financial crises, though they have inflicted great damage. We have learnt to stop searching for the ‘best’ and settle instead for the ‘good enough’ solution. We do not behave like individual computers but communicate with each other to find answers. And that communication takes the form not of computer code but of narratives in plain language. Many economists believe that narratives are inferior to computer code because computers, unlike humans, do not make mistakes of mathematical reasoning. But it is precisely because of radical uncertainty that mathematical reasoning is only part of the toolkit needed to survive and thrive in a complex world. Humans are natural storytellers, but many people struggle with mathematical reasoning. This bias towards narratives is not a human weakness, but a human strength.

Narratives help us understand a complex world. Economists tell stories when trying to convey the essence of a complicated argument. And they invite challenge to their narratives in seminars and workshops. They understand that a narrative must be challenged if it is to prove useful. There is rarely only one narrative to explain a given phenomenon. We approve the French writer Jean-François Lyotard’s preference for ‘little stories’ over ‘grand narratives’ which purport to offer universal explanations.2 Economics has been more productive when its models tell little stories than when they claim to offer grand narratives. Narratives that are not subject to challenge but become mere articles of faith for true believers lead to fads and fashions that impede rational discussion – as we see too often today in the social media storms that amplify partisanship and seek to impose uniformity of belief. And sometimes these processes lead to speculative bubbles in financial markets.

That is how in 2021 we find ourselves in another speculative bubble. The essential similarity of all bubbles is that a primary motivation for buying assets is not appreciation of their underlying value, but the belief that they can soon be sold at a higher price to someone else. In 1997–2000 these assets were internet stocks; in 2003–8 they were complex debt instruments; in the current bubble they are digitized instruments of various kinds related to cryptocurrencies. In 2017–8, there was a rash of issues of ‘initial coin offerings’ (ICOs), preliminary rights to participate in embryonic crypto-related ventures. The craze faded; the largest ICO issue, Block.one EOS, raised $4 billion and quickly lost most of that supposed value; promoters and their investors now face each other in the US courts. 2020 was the year of special purpose acquisition companies (SPACs), best described in the famous words of a promoter in the South Sea Bubble of the early eighteenth century: ‘For carrying-on an undertaking of great advantage but no-one to know what it is.’3 Many SPACs have sought credibility by attracting celebrity sponsors – individuals as varied as tennis star Serena Williams, NBA legend Shaq O’Neal, and former House of Representatives speaker Paul Ryan. In early 2021, a token representing a piece of digital artwork sold for $69 million at Christie’s. You can download the image on your home computer; the ‘right’ conferred by the token is the right to own the token, or, as artist Beeple (Michael Winkelman) explained, the right to work with him to promote the image. We are little the wiser as to why the purchaser MetaKovan (Vignesh Sundaresan) believes, as he told various media outlets, that the true value of the token is $1 billion.

Bubbles begin with valuations determined by the narrative of the true believers. To delve into their extensive social media activity is to be introduced to a cult, with its own language, beliefs and logic. Other investors join in, including professional market insiders, with a view to selling before the bubble bursts. In the meantime, gains accrue to investors who feel vindicated by their belief in the narrative. Challenge to the narrative will be resisted by believers, making challenge both difficult and unpopular. At the annual general meeting of his investment company Berkshire Hathaway on 1 May 2021, Warren Buffett said he didn’t want to comment directly on bitcoin because he didn’t want to get grief from everyone who was long.4 At some point, the narrative is successfully challenged, the bubble deflates and a new basis for valuation is established.

It is rare for a narrative to gain wide credence without holding a kernel of truth. The internet did presage profound transformation of many businesses, but the claims made in 1999 were exaggerated and ludicrously premature. Banks had developed better quantitative risk management techniques, but senior executives were deluded in their belief that this enabled them to manage inflated balance sheets and portfolios of low-quality assets. And new financial technologies will enable customers to bypass existing institutions and take greater control of their own affairs. But they do not turn Beeple into Picasso or make the dollar redundant.

Increasing partisanship and a refusal to listen to beliefs alien to one’s own are characteristics of a growing number of people, including the highly educated, in historically democratic and pluralistic societies. They impede the process of challenging and developing a coherent and consistent narrative to understand our complex world. As such, they are inimical to rational discussion of how to cope with the challenges thrown up by a world of radical uncertainty. In the nineteenth century, George Eliot had already grasped the essence of radical uncertainty when she wrote,


What elegant historian would neglect a striking opportunity for pointing out that his heroes did not foresee the history of the world, or even their own actions? . . . For example, that Alfred the Great, when he measured his laborious nights with burning candles, had no idea of future gentlemen measuring their idle days with watches. Here is a mine of truth, which, however vigorously it may be worked, is likely to outlast our coal.5



Pandemics and bubbles are archetypes of radical uncertainty. We know pandemics come but we cannot predict when they will, as we learnt to our credit and our cost when we wrote in the hardback that a pandemic was likely only days before lockdowns required the cancellation of almost all the launch events we had planned. We know bubbles burst but we cannot predict when they will. Isaac Newton, one of the cleverest men who ever lived, saw through the South Sea Bubble. But towards the end of the boom, consumed by fear of missing out, he joined the frenzy of speculation and subsequently bemoaned his losses.

As we describe in the book, the proper response to radical uncertainty is not to redouble our efforts to predict an unknowable future, but to develop strategies that are robust and resilient to events which we cannot anticipate. The only robust and resilient strategy in a speculative boom is to decline to participate; that may mean missing out on the boom, as Newton did, but also missing out on the bust, as Newton did not. Yet we need to be imaginative in the search for robustness and resilience. Shortly before the pandemic, analysts at Johns Hopkins University surveyed epidemic preparedness around the world and concluded that the best-prepared countries were Britain, the Netherlands and the United States – each of which proved to be amongst those most gravely affected by the virus.6

What had the researchers missed? Their study gave little weight to the social and political factors which proved to be critical in determining the speed and effectiveness of response. Nor did their analysis sufficiently reflect the degree to which the impact of a pandemic depended on the particular characteristics of the virus which caused it. And it makes a big difference whether you are a thinly populated country which is an island in the South Pacific (New Zealand) or on the northern fringe of Europe (Norway) – or whether you are a densely packed city which is an international transport hub, such as London or New York. Resilience and robustness must be tested from many angles.

Relying on ‘the science’

The pandemic also offers many lessons about the relationships between science and policy. In 2020, the British government sent a letter to every household saying it would do whatever was necessary to beat the coronavirus ‘if that is what the scientific and medical advice tells us we must do.’7 There is no such thing as ‘the science’, although we hear the term used more and more often by policymakers. The nature of science is that it is not settled – all our knowledge is tentative and provisional. Newtonian mechanics, developed over centuries, has enabled us to put men on the moon. But we learnt in the twentieth century that it may mislead when we work on either a cosmic or microscopic scale. To note that in 2020 there were many uncertainties about COVID-19 is not to criticise the scientists involved; their development of vaccines was remarkably effective and great progress was made in learning how to treat severely affected patients. The combination of the two has reduced the fatality rate in Britain to almost zero at the time of writing. This is what scientists do, and they did it very well. But ‘following the science’ is particularly dangerous when models are used.

Models of epidemics do help us to understand the likely shape of an epidemic – it begins slowly when the spread of the disease is difficult to observe, accelerates to reach a peak and gradually declines; it can then return in a second or even a third wave. But the size of that peak and the speed of its rise and fall cannot be predicted exactly without knowledge of key parameters governing the spread of the disease. In the spring of 2020, we did not have that knowledge and we have a little, but not much more, of that knowledge now. The nature of the virus was unclear, and assumptions about its spread depended on judgements about the response of the public to the imposition and later relaxation of government interventions to restrict economic activity. Other factors excluded from the model seem to account for the widely differing experience of this epidemic in different countries and variations within each country. The models could provide insights but were not descriptions of the actual spread of the disease.8

Many readers will by now be familiar with the (in)famous R value which describes the number of people to whom the disease is transmitted by each infected person. It was invoked by politicians in their public briefings to explain how they reached their decisions on lockdowns. But the R value is a concept, a property of the mathematical model, not a scientific constant that is a property of the disease. Suranya Aiyar has described the phenomenon of ‘epidemiologists frantically adjusting their R over and over (four times in the course of three weeks in the case of one world leading epidemiological team) to match the observed Covid case growth rate’.9 This kind of exercise in data fitting, in which the model is constantly adjusted to match experience, is common in economics, and gives rise to the joke that ‘an economist is an expert who will tell you tomorrow why what he predicted yesterday did not happen today’.

It was not and could never be true that ‘the science tells us what we must do’. Scientific opinions themselves had to be based on judgements informed by the insights of the epidemiological models but weighing those insights against other relevant factors, such as our incomplete knowledge of the virus, the likelihood of being able to develop effective vaccines and the response of populations to lockdown measures. And the scientific evidence had to be placed in the context of wider social and economic factors – the intrusion on personal freedom, the limits placed on friendship and family relations, the economic costs of lockdowns and other restrictions. We elect politicians to make – and take responsibility for – these decisions. And many of them failed to take that responsibility.

In the summer of 2020, the government announced that exams in England would be cancelled and grades awarded on the basis of teacher predictions. But some teachers take a rosy view of the capabilities of their students; others (ourselves included) are perpetually pleasantly surprised by their achievements. So the Department of Education and Skills and the Office of Qualifications and Examinations Regulation (OFQUAL) used artificial intelligence to adjust grades. The perceptive reader of the hardback would understand why this exercise would end in disaster. On page 207 we quote the Oxford legal philosopher Jonathan Cohen describing the limitations of the use of probability in legal processes: ‘It bears hard on an individual . . . if he has to lose his own particular suit in order to maintain a stochastic probability of success for the system as a whole. So if the system exists for the benefit of individual citizens and not vice versa the . . . argument fails’.10 We continued with the observation of the American lawyer Laurence Tribe: ‘tolerating a system in which perhaps one innocent man in a hundred is erroneously convicted despite each jury’s attempt to make as few mistakes as possible is in this respect vastly different from instructing a jury to aim at a 1% rate (or even a 0.1% rate) of mistaken convictions’.11 Faced with a storm of protest when the results were announced, the government quickly backed down and agreed that the unadjusted predictions would be accepted. Prime Minister Boris Johnson blamed a ‘mutant algorithm’.12 But this claim was ridiculous. The problem was that no individual student would readily believe that the downward adjustment to his or her score was fair whatever the validity of such an adjustment for the group as a whole.

Errors and missteps in the pandemic were inevitable. But the biggest mistake of governments was to pretend to know more than they did. From the start, under relentless pressure from the media, governments expressed unwarranted certainty about the merits of their policies. Then, when circumstances suggested a change of course, they explained the new direction with equal certainty. After a few such reversals, trust declines. And trust in political leadership is crucial if we are to cope with collective action problems, such as encouraging widespread vaccination.

Many politicians represented their false certainties as a matter of deferring to experts or trusting ‘the science’. (Sadly, many scientists were only too happy to be co-opted in this way.) There will no doubt be major inquiries into how the pandemic was handled. The enquiries should focus on lessons for the future rather than apportioning blame. And avoid what we describe below, following Annie Duke, as ‘resulting’ – inferring the quality of a decision from the outcome alone (see chapter 15). Governments will be found to have made mistakes – such is the nature of decision-making under radical uncertainty. In the meantime, it is important to be honest about what we do know and what we do not know. And to develop policies that are robust and resilient to what we do not know.

The future of economics

The importance of radical uncertainty has indeed outlasted the use of coal in modern Britain. But decision theory as applied by economists, statisticians and business schools has continued to ignore the distinction between resolvable and radical uncertainty because in the small world of the former, rational decision-making can be equated with optimising behaviour. Such behaviour can be represented by maximising the mathematical expectation of a measure of future happiness, profits or social welfare. Decisions may seem complex, but there is an optimal solution to be discovered. In a world of radical uncertainty our incomplete knowledge means that we cannot maximise anything; we search for solutions that are ‘good enough’ before the next one-off challenge comes along.

Radical uncertainty is the essence of innovation and entrepreneurship – and the rise in living standards which they make possible – and it is therefore strange that it has been ignored by the economics profession for so long. It should be at the heart of the economic research project. But it has not been. Since the hardback of this book was published, we have had the opportunity to discuss its themes with many people – economists and non-economists alike. As we had anticipated and perhaps feared, we found a much readier audience among the latter group. But we have been able to learn much from specialists in other disciplines.

When we began to study and teach economics half a century ago, we were both excited by two projects. One was the use of mathematics to bring rigour to economics – and to social science more generally. The other was to build macroeconomics from microeconomic foundations – to root the study of growth and development, inflation and trade cycles, in an understanding of the behaviour of the households, businesses and governments which together make up what we call ‘the economy’.

Today we take a more sceptical view. The mathematisation of economics has some great achievements to its credit. Kenneth Arrow and Gérard Debreu employed very sophisticated mathematical tools to bring clarity to a discussion of the relationship between competitive markets and economic efficiency which had been continued inconclusively since Adam Smith first described ‘the invisible hand’. Game theory deepened our understanding of how individuals and businesses interact. Simple models of economic growth led to a better understanding of the contributions of technical progress and investment to development.

But diminishing returns are a ubiquitous phenomenon in economic life, and these fields proved no exception. General equilibrium theory did not enable us to allocate resources more efficiently nor to improve the quality of economic forecasts. Game theory proved of limited value in illuminating business strategies in competitive markets. And the successes and failures of postcolonial development demonstrated how much economic growth depended on social and political factors. In all these areas the major insights offered by these new approaches came from the earliest papers.

Much of the work of the graduate student in economics today lies in tinkering with already established model frameworks. And when we ask these students working on x ‘what do we learn about x from your study?’, the common answer is one version or another of ‘we learn that is possible to develop a model of x.’ That is a sufficient answer to get the student a PhD and perhaps a first academic appointment; it is an inadequate answer for those who believe, as we do, that the study of economics must be justified by the contribution it makes to applied practical knowledge.

And the project to give micro foundations to macroeconomics must be broadly regarded as a failure. In 2016 Paul Romer, then chief economist at the World Bank, claimed that ‘for more than three decades, macroeconomics has gone backwards’.13 Romer placed his critique in the context of what he called ‘mathiness’ – the use in economics of symbolic notation without careful attention to the empirical facts the symbols purported to describe.

Peak hubris was reached in the early years of the twenty-first century. In a widely cited article in 2000, the late Chicago economist Edward Lazear described what he called ‘economic imperialism’.14 ‘Economics’, he noted, ‘has expanded its scope of inquiry as well as its sphere of influence’. The ascension of economics’, he explained, ‘results from the fact that our discipline has a rigorous language that allows complicated concepts to be written in relatively simple, abstract terms. The language permits economists to strip away complexity. Complexity may add to the richness of description, but it also prevents the analyst from seeing what is essential.’ As a result, he explained, sociologists, anthropologists and psychologists might be better at identifying issues, but economists were likely to be better at providing answers. Of course, this presupposes that the answers economists provide are the right answers. Lazear’s colleague Robert Lucas was in no doubt of this when he notoriously told the American Economic Association in 2003 that the problems of economic depression had been solved.15 But events soon disproved his claim as the financial crisis was followed by the ‘Great Recession’.

Lazear observed that ‘three themes have become fundamental in economics. First, economists assume that individuals engage in maximizing rational behavior. Second, economics adheres strictly to the importance of equilibrium as part of any theory. Third, economists place a heavy emphasis on a clearly defined concept of efficiency.’ In this book we challenge all these strands as they have been applied to decision-making under uncertainty. And we have begun to wonder whether Lazear may have got it the wrong way round – perhaps sociologists, anthropologists and psychologists may be better at providing answers to the issues which are identified by economists. Certainly, we are sure that economists have much to learn from recent work in these related disciplines. We have benefited from the analysis of Joseph Henrich (an anthropologist who is now a professor of evolutionary biology), Nicholas Christakis (a doctor and sociologist) and Hugo Mercier (a psychologist whose analysis of communicative rationality was undertaken jointly with Dan Sperber, anthropologist and philosopher). That list alone illustrates how the traditional boundaries between social sciences are disintegrating. Anthropology offers different perspectives from traditional economics: it employs neither a deductive nor inductive approach to reasoning. It is closer to abductive reasoning (see chapter 8). As Gillian Tett writes in her book on the value of anthropology to social sciences: ‘Anthropology does not usually produce neat power points, hard scientific conclusions, or binding proofs; it is usually an interpretive discipline, not an empirical one. But, at its best, it combines qualitative and quantitative analyses to reveal what makes us human’.16

We conjecture that a future social science is developing around a more rigorous combination of psychology and anthropology – rigorous in the sense of having strong empirical support – rooted in evolutionary biology and neurophysiology. While these developments excite us, they have as yet made little impact on mainstream economics. Economics is making important advances, as the information revolution increases both the availability of large data sets and the capacity to analyse them. But we are more and more convinced of the value of the question: what do they know of economics who only economics know?

At graduation ceremonies we often meet students who tell us they are worried about their uncertain futures. We ask them to try to distinguish between the risks to a realistic path for their future, and the extraordinary uncertainty which governs all our lives. If they could write down a list of their potential life partners with probabilities attached to each of them, a list of the careers which they might follow and countries in which they might live, also with probabilities attached to each one, they might lose any enthusiasm for the future because the excitement of the unexpected would have been eliminated. The joy of life comes from new experiences – whether meeting new people, discovering new places, new books and new restaurants, and even new ideas. It is the discovery of those aspects of life of which we had no inkling that is the spice of life. And it is also the driving force of a market economy when entrepreneurs discover and produce totally new products and new processes. In business, as in the arts and sciences, and in life, uncertainty and creativity are inseparable.

The essence of our distinction between resolvable and radical uncertainty is that whereas risk needs to be managed – indeed it is something to be avoided as far as possible – uncertainty can and should be embraced. If there were no uncertainty in life it would not be worth living. In the words of Winston Churchill:


It is not given to human beings – happily for them, for otherwise life would be intolerable – to foresee or to predict to any large extent the unfolding course of events. In one phase men seem to have been right, in another they seem to have been wrong. Then again, a few years later on, the perspective of time has lengthened, all stands in a different setting. There is a new proportion. There is another scale of values.17



Churchill’s words have a relevance and resonance today which extends far beyond the issues raised in this book.




PREFACE TO THE HARDBACK EDITION

Forty years ago, we wrote a well-received book, The British Tax System, describing the failures – intellectual and practical – of the tax system. We were neither academic scribblers inventing a tax system from scratch nor tax accountants engrossed in excruciating detail. Instead, as young academics we set out to look carefully at how the tax system actually worked in practice and then to design improvements based on a small number of carefully thought through principles. Forty years later, we discovered that we had independently come to the view that economics as a whole faced a similar challenge and was in need of a fresh look. So we decided to collaborate again. This book is the result.

The British Tax System sold well and went into several editions. But our careers then went in different directions. John became the Director of the Institute for Fiscal Studies, started a successful consulting company focusing on business economics, and was the first director of the Saïd Business School at Oxford University and for twenty years a columnist for the Financial Times. Mervyn became an academic in various universities in the UK and US before joining the Bank of England as Chief Economist and later Governor from 2003 to 2013.

During those forty years we saw at first hand both the power of economics as a way of approaching practical problems, and also its limitations. As students and academics we pursued the traditional approach of trying to understand economic behaviour through the assumption that households, businesses, and indeed governments take actions in order to optimise outcomes. We learnt to approach economic problems by asking what rational individuals were maximising. Businesses were maximising shareholder value, policy-makers were trying to maximise social welfare, and households were maximising their happiness or ‘utility’. And if businesses were not maximising shareholder value, we inferred that they must be maximising something else – their growth, or the remuneration of their senior executives.

The limits on their ability to optimise were represented by constraints: the relationship between inputs and outputs in the case of businesses, the feasibility of different policies in the case of governments, and budget constraints in the case of households. This ‘optimising’ description of behaviour was well suited to the growing use of mathematical techniques in the social sciences. If the problems facing businesses, governments and families could be expressed in terms of well-defined models, then behaviour could be predicted by evaluating the ‘optimal’ solution to those problems.

Although much can be learnt by thinking in this way, our own practical experience was that none of these economic actors were trying to maximise anything at all. This was not because they were stupid, although sometimes they were, nor because they were irrational, although sometimes they were. It was because an injunction to maximise shareholder value, or social welfare, or household utility, is not a coherent guide to action. Business people, policy-makers and families could not even imagine having the information needed to determine the actions that would maximise shareholder value, social welfare or household utility. Or to know whether they had succeeded in doing so after the event. Honest and capable executives and politicians, of which there are many, try instead to make incremental decisions which they think will improve their business, or make the world a better place. And happy households are places where family members work together to ensure that tomorrow is at least as good as today.

Most economists would readily acknowledge that no one actually engages in the kinds of calculation which are described in economic models. But since the work of Paul Samuelson, economists have relied on the claim that if people observed certain axioms which constituted ‘rationality’ they would – unconsciously – be optimising, rather as Molière’s M. Jourdain had been talking prose for forty years without knowing it. And when this axiomatic approach is applied to consumer behaviour, as it was by Samuelson, the method is more fruitful than the sceptical observer might expect.

But we show in this book that the axiomatic approach to the definition of rationality comprehensively fails when applied to decisions made by businesses, governments or households about an uncertain future. And this failure is not because these economic actors are irrational, but because they are rational, and – mostly – do not pretend to knowledge they do not and could not have. Frequently they do not know what is going to happen and cannot successfully describe the range of things that might happen, far less know the relative likelihood of a variety of different possible events.

The financial crisis of 2007–08 brought home the intellectual failures of optimising models to capture the disruptive behaviour that results from confronting an unknowable future. But this is not another book about that financial crisis, or even another book about economics, although we believe that the implications for the study of economics are considerable. It is a book about how real people make choices in a radically uncertain world, in which probabilities cannot meaningfully be attached to alternative futures.

As we wrote this book, and discussed our ideas with friends and colleagues, we encountered very different reactions from general readers, on the one hand, and specialists, on the other. Most people find the concept of radical uncertainty natural and indeed obvious. For them, the challenge is not to accept the existence of radical uncertainty but to find ways of coping with it. We hope they will find answers to that challenge in the chapters that follow. Many people who have been trained in economics, statistics or decision theory, however, find it difficult to accept the centrality of radical uncertainty. And to these we need to add some who work in computer science and artificial intelligence – or who have simply read enough about these things to be caught up in the wave of popular enthusiasm for the style of reasoning at which computers excel.

In trying to persuade those two different audiences of the importance of radical uncertainty, the risk is that one thinks we are flogging a dead horse; the other that we are flogging the winner of the Kentucky Derby by decrying a set of techniques which has transformed our thinking in economics, statistics, decision-making and artificial intelligence. We hope that general readers will nevertheless enjoy the spectacle of the flogging and that specialists will feel at least some of the sting of the lash.




Part I

Introduction:
The Nature of Uncertainty
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THE UNKNOWABLE FUTURE

All we can know is that we know nothing. And that is the sum total of human wisdom.

—LEO TOLSTOY, War and Peace, 18671

Unknowable unknowns

In September 1812, Napoleon’s troops defeated the Russian forces at Borodino, and cleared the way for the capture of Moscow. The French entered the now-deserted capital and razed its wooden structures to the ground. But the fruitless occupation marked the end of the Emperor’s campaign of conquests. The freezing, starving, disease-ridden Grande Armée began its long retreat to Paris. Most of its soldiers never made it home.2 Napoleon abdicated in April 1814.

Napoleon was the greatest political and military leader of the age, at the height of his power and achievement, and commander of the largest army the world had seen.3 But he had little understanding of what was going on at Borodino. Nor, even today, do we truly understand why he was there. And the complex, many-faceted relationship between Russia and Western Europe remains unresolved two centuries later.

On 3 August 1492, Christopher Columbus sailed from Spain with the hope of finding a new route to the Indies. Most experienced sailors at the time believed that a westerly route to Asia was impracticable, given the distance involved and the problem of carrying sufficient food and water. And they were right. Against all reasonable advice, the Spanish Crown agreed to sponsor his expedition. Columbus did not know what his journey would entail, or how long it would take him, and after re-stocking in the Canary Islands, he landed in the Bahamas. He did not know that the New World, as it came to be called, even existed, and he did not know what he had found even after he had found it. He maintained that he had indeed landed in Asia, which is why America is named after his contemporary, Amerigo Vespucci, who had a better idea of where his own explorations had led. Whatever counted as cost-benefit analysis in the Spanish court took no account of the possibility of a New World; nor could it.

In February 1972, Richard Nixon met the Chinese leader Mao Tse-tung in Beijing. The meeting had long been planned, secretly, by the US President and his national security adviser, Henry Kissinger. Its purpose was by no means clear, although Nixon was struggling to extricate his country from Vietnam and both American and Chinese leaders wished to put distance between the two leaders of global communism, China and the Soviet Union. The much-feted meeting ended with a bland communiqué characteristic of global summits. Later that year, five men were arrested during a break-in at the Watergate complex in Washington and the subsequent cover-up led to Nixon’s resignation in 1974. Two years after that, the ailing Mao died.

No one knew what the consequences of the Nixon/Mao meeting would be – it was not even certain when Nixon’s plane arrived that Mao himself would meet the President. And, almost half a century later, no one really knows what the consequences were. Was its significance merely symbolic, a media event involving two leaders in failing political or physical health? Or was it a key milestone in the integration of China into the global economy, probably the most important economic development of the subsequent half century?

Emperors, explorers and presidents made decisions without fully understanding either the situation they faced or the effects of their actions. And so must we.

The global financial crisis

On 9 August 2007, the French bank BNP Paribas announced that it was suspending transactions in three of its funds. The holdings of investors, which had been placed in securities linked to the US housing market, were effectively frozen. The failure of a small group of hedge funds was in itself a minor event. But within days the global financial crisis of 2007–08 was underway. That crisis peaked in September 2008 with the failure of Lehman Brothers, and only extraordinary efforts by central banks around the world prevented the collapse of the Western financial system. Nevertheless, the failures in financial markets which followed led to the most severe recession in the industrialised world since the Great Depression of the 1930s.

As the days passed and the position of the banks deteriorated, we were seeing events that had not been observed for several generations, if at all. Why was the banking system experiencing a crisis of confidence of the kind that we thought had been relegated to history? As the crisis passed and there was time for reflection, both authors sought to explain the background to the events that took us all by surprise. Mervyn King wrote The End of Alchemy and John Kay Other People’s Money. From differing perspectives, the authors had arrived at a common view. The narrative of the pre-crisis period was falling apart. Markets in new, complex financial instruments were supposed to ensure that risks were placed with people who were best able to bear them. Or so the story had gone. As the crisis evolved, a new narrative was required; one which recognised that humans do not necessarily comprehend the consequences of their innovations. The risks had not been placed with those who had most capacity to handle them, but with those who did not understand them. And the institutions that sold those instruments understood little more and lacked the financial capacity to hold them when the market dried up.

The 25 standard deviation event

On 13 August 2007, four days after BNP Paribas had suspended redemptions from three of its funds, the chief financial officer of Goldman Sachs, David Viniar, told the Financial Times ‘we were seeing things that were 25-standard deviation moves several days in a row’.4 Taken literally, Viniar’s statement was not credible. A 25 standard deviation event is one whose probability is less than .000000000000000000000000000000000000 000000000000000000000000000000000000000000000000 000000000000000000000000000000000000000000000000 0003.5 Our universe has not existed long enough for there to have been several days on which 25 standard deviation events could occur. Mr Viniar has a degree in economics from Union College and an MBA from Harvard Business School, so he would have known this, unless he had forgotten the content of his elementary courses. But what he really meant, although his claim was wrapped up in statistical jargon, was that moves in the prices of financial assets were much larger than anything his risk managers had previously experienced or thought possible.

The risk models used by Goldman Sachs and other financial firms were incapable of coping with the stress in markets seen in 2007 and more starkly in 2008. The models used by economists in central banks and elsewhere to make forecasts of the economy also failed to predict or explain these events. The inability of experts to anticipate the crisis was not simply the result of incompetence, or wilful blindness, but reflected much deeper problems in understanding risk and uncertainty. Today we can send rockets to land a man on the moon, and probes to the planet Mercury. Why are more immediate and superficially simpler problems on Earth – such as whether it will rain next week in New York, or what will be the result of today’s election, or the demand for oil next year – harder to manage? Why does planning for future contingencies cause so much difficulty for those charged with making decisions – whether they are employed in private institutions, such as banks, or in charge of public bodies, such as governments and armies?

The war on terror

Osama bin Laden masterminded the attack on Manhattan’s World Trade Center on 11 September 2001, and US military preparations for a possible invasion of Iraq began almost immediately thereafter. In February of the following year, Donald Rumsfeld, the United States Secretary of Defense, gave a press briefing. Rumsfeld was asked to comment on reports that no evidence linked Baghdad to terrorist activity. His famous response was widely derided: ‘There are known knowns; there are things we know we know. We also know there are known unknowns; that is to say we know there are some things we do not know. But there are also unknown unknowns – the ones we don’t know we don’t know.’6

Yet Rumsfeld was saying something important.7 The follow-up question to Rumsfeld’s musings is less well remembered than the observation that provoked it. The Defense Secretary was asked in which category – known knowns, known unknowns or unknown unknowns – did intelligence about terrorism and weapons of mass destruction fall? Rumsfeld’s response was ‘I am not going to say which it is’.8 But no link between Iraq and the 9/11 attack has been established, and no weapons of mass destruction were found. The Iraq invasion was a military success: US forces rapidly reached Baghdad and toppled Saddam Hussein. But with hindsight the operation was a comprehensive failure of intelligence, judgement and contingency planning; a failure as politically damaging as the similar failures of intelligence, judgement and contingency planning in the financial sector were economically damaging. In the light of these failures, US government agencies were required to implement a more structured process for providing advice to the President.9 Analysts were expected to quantify their confidence levels and express them as probabilities.

And so almost a decade later, in spring 2011, President Barack Obama met with his senior security advisers in the White House situation room to consider what he knew would be one of the defining decisions of his presidency. Should he approve the proposed raid by US Navy SEALs on the Abbottabad compound in Pakistan where Osama bin Laden was believed to be hiding? Obama was well aware that a similarly daring plan in 1979 to rescue hostages from the Tehran embassy had ended in fiasco and may have cost Jimmy Carter a second term as President. ‘John’, the CIA team leader, was 95% certain that bin Laden was in the compound. But others were less sure. Most placed their probability estimate at about 80%. Some were as low as 40% or even 30%.

The President summed up the discussion. ‘This is 50–50. Look guys, this is a flip of the coin. I can’t base this decision on the notion that we have any greater certainty than that.’10 Obama did not mean that the probability that the man in the compound was bin Laden was 0.5; still less that he planned to decide by tossing a coin.11 His summary recognised that he had to make his decision without knowing whether the terrorist leader was in the compound or not. Obama would reflect on that discussion in a subsequent interview: ‘In this situation, what you started getting was probabilities that disguised uncertainty as opposed to actually providing you with more useful information.’12

Either bin Laden was there, or he wasn’t – though the plan involved many other risks and uncertainties, military, technological and political. Obama might have said to his colleagues something like ‘if you guys can tell me there is a greater than 60% chance that the man in the compound is bin Laden, I will give the order to go ahead’. But he did not; to have done so would have been to pass responsibility for the decision from the Oval Office, where it belonged, to the intelligence agencies. But such passing on of responsibility did occur in the financial sector, where senior bank executives, such as Mr Viniar, had effectively delegated the management of uncertainty to the risk professionals and their models. Obama understood this issue; Viniar and his colleagues did not.

In the run-up to the global financial crisis, as in the preparations for the Abbottabad raid, policy advisers not only chose to express uncertainties as probabilities but were required to do so. Regulators prescribed the risk models used by financial institutions; Congress insisted on the quantification of judgements based on intelligence reports. In both finance and politics, this expression of uncertainty was at best unhelpful and at worst actively misleading. The precision of the numbers presented to Viniar and Obama was spurious. Obama understood that he had to arrive at a decision on the basis of limited information, and made what, with hindsight, proved a good call. He did so not by probabilistic reasoning but by asking ‘What is going on here?’

In writing this book, we found inspiration in an anecdote from Richard Rumelt’s Good Strategy/Bad Strategy, by some distance the best book on business strategy written in the last decade. Rumelt describes a conversation with a colleague at UCLA who had observed some of his case-based MBA classes:


We were chatting about pedagogy . . . John gave me a sidelong look and said ‘it looks to me as if there is really only one question you’re asking in each case’. That question is ‘what’s going on here?’ John’s comment was something I’ve never heard said explicitly but it was instantly and obviously correct. A great deal of strategy work is trying to figure out what is going on. Not just deciding what to do, but the more fundamental problem of comprehending the situation.13



The question ‘What is going on here?’ sounds banal, but it is not. In our careers we have seen repeatedly how people immersed in technicalities, engaged in day-to-day preoccupations, have failed to stand back and ask, ‘What is going on here?’ We have often made that mistake ourselves.

Retirement planning

Most readers will never be called upon to make decisions as momentous as those which Obama and Viniar faced – although they may be asked to judge the performance of those who make these critical decisions. But all of us make choices which require thinking about the future. House purchase and preparing for retirement are the most important financial decisions for most households. But few plan in any organised way. They decide, often rather quickly, which house to buy based on a reaction rather than a checklist. Given choices – to opt in or out of pension schemes, to select one investment fund over another – they often prefer to avoid choices. The default option – which requires no action – is usually most popular.14

A few households approach the issue of retirement more systematically. There are software programs to help; some asset managers15 offer free assistance and some economists have written commercial programs.16 These calculate how much an individual or household should save and whether they are on track for a comfortable retirement. To start using these programs you must have a lot of information at your side: current facts, such as age and marital status, and information about your future self, such as the age at which you plan to retire, and how much you will then need to spend each year. You will need to disclose not just your current salary but what you expect it to be many years from now. You may even be asked to predict how long you will live. The principal uncertainty President Obama faced was binary – either bin Laden was there in Abbottabad, or he was not. Judging how long you will live is more difficult. You know that you are most unlikely to reach 125 years old and you can consult the carefully constructed life tables used by the actuaries of insurance companies. But the program may also ask you to express views on the economy and financial markets in the future. A historic series on inflation and investment returns will give you some sense of possible answers. You might sketch a range of possibilities even if you would struggle – and be unwise – to come up with an answer.

One answer to such questions the programs generally do not allow is ‘I don’t know’. But that is the answer which the authors, professional economists all our lives, would give to many of these questions. And frankly we think that is the answer you should give as well. There are many questions – such as ‘Who is the man in the compound in Pakistan?’ – to which the only sensible answer is ‘I don’t know’; and if this may be true of the present, it is even more true of the future. We all have to make decisions about retirement plans even though we do not know what our income or the inflation rate will be twenty years from now. If we knew the answers to all the questions the programs pose, we could determine exactly how much we need to save to enjoy our retirement. But we do not make good decisions by professing knowledge we do not and cannot have. After we have consulted the programs, we at least know what we don’t know, and we may be able to do a little to reduce our ignorance.

An intellectual failure

The crisis of 2007–08 represented – obviously – a failure of economic analysis and economic policy. But while recognising the seriousness and cost of the financial crisis, economists have generally been reluctant to accept that their intellectual framework is in need of revision. Economists (used to) distinguish risk, by which they meant unknowns which could be described with probabilities, from uncertainty, which could not. They had already adopted mathematical techniques which gave the term ‘risk’ a different meaning from that of everyday usage. In this book we will describe the considerable confusion and economic damage which has arisen as a result of the failure to recognise that the terms ‘risk’, ‘uncertainty’ and ‘rationality’ have acquired technical meanings in economics which do not correspond to the everyday use of these words. And over the last century economists have attempted to elide that historic distinction between risk and uncertainty, and to apply probabilities to every instance of our imperfect knowledge of the future.

The difference between risk and uncertainty was the subject of lively debate in the inter-war period. Two great economists – Frank Knight in Chicago and John Maynard Keynes in Cambridge, England – argued forcefully for the continued importance of the distinction. Knight observed that ‘a measurable uncertainty, or “risk” proper, as we shall use the term, is so far different from an unmeasurable one that it is not in effect an uncertainty at all’.17

Keynes made a similar distinction. In an article summarising his magnum opus, The General Theory of Employment, Interest and Money, he wrote:


By ‘uncertain’ knowledge, let me explain, I do not mean merely to distinguish what is known for certain from what is only probable. The game of roulette is not subject, in this sense, to uncertainty; nor is the prospect of a Victory bond being drawn. Or, again, the expectation of life is only slightly uncertain. Even the weather is only moderately uncertain. The sense in which I am using the term is that in which the prospect of a European war is uncertain, or the price of copper and the rate of interest twenty years hence, or the obsolescence of a new invention, or the position of private wealth-owners in the social system in 1970. About these matters there is no scientific basis on which to form any calculable probability whatever. We simply do not know.18



The title of this book, and its central concept, is radical uncertainty. Uncertainty is the result of our incomplete knowledge of the world, or about the connection between our present actions and their future outcomes. Depending on the nature of the uncertainty, such incomplete knowledge may be distressing or pleasurable. I am fearful of the sentence the judge will impose, but look forward to new experiences on my forthcoming holiday. We might sometimes wish we had perfect foresight, so that nothing the future might hold could surprise us, but a little reflection will tell us that such a world would be a dull place.

We have chosen to replace the distinction between risk and uncertainty deployed by Knight and Keynes with a distinction between resolvable and radical uncertainty. Resolvable uncertainty is uncertainty which can be removed by looking something up (I am uncertain which city is the capital of Pennsylvania) or which can be represented by a known probability distribution of outcomes (the spin of a roulette wheel). With radical uncertainty, however, there is no similar means of resolving the uncertainty – we simply do not know. Radical uncertainty has many dimensions: obscurity; ignorance; vagueness; ambiguity; ill-defined problems; and a lack of information that in some cases but not all we might hope to rectify at a future date. These aspects of uncertainty are the stuff of everyday experience.

Radical uncertainty cannot be described in the probabilistic terms applicable to a game of chance. It is not just that we do not know what will happen. We often do not even know the kinds of things that might happen. When we describe radical uncertainty we are not talking about ‘long tails’ – imaginable and well-defined events whose low probability can be estimated, such as a long losing streak at roulette. And we are not only talking about the ‘black swans’ identified by Nassim Nicholas Taleb – surprising events which no one could have anticipated until they happen, although these ‘black swans’ are examples of radical uncertainty.19 We are emphasising the vast range of possibilities that lie in between the world of unlikely events which can nevertheless be described with the aid of probability distributions, and the world of the unimaginable. This is a world of uncertain futures and unpredictable consequences, about which there is necessary speculation and inevitable disagreement – disagreement which often will never be resolved. And it is that world which we mostly encounter. So the ramifications of radical uncertainty go well beyond financial markets; they extend to individual and collective decisions, as well as economic and political ones; and from decisions of global significance taken by statesmen to everyday decisions taken by the readers of this book.

For both Knight and Keynes, recognition of the pervasive nature of radical uncertainty was essential to an understanding of how a capitalist economy worked. Knight believed that it was radical uncertainty that created profit opportunities for entrepreneurs and that it was their skill and luck in navigating radical uncertainty which drove technical and economic progress. Fifteen years before the General Theory, Keynes had published A Treatise on Probability, and an appreciation of his evolving views on risk and uncertainty is necessary in interpreting his later work. But in the General Theory he re-expressed Knight’s thinking with characteristic literary flourish: ‘If the animal spirits are dimmed and the spontaneous optimism falters, leaving us to depend on nothing but the mathematical expectation, enterprise will fade and die.’20 Keynes’ concern was less with the microeconomic drivers of innovation than with the macroeconomic factors behind the Great Depression. In his view it was (nonmathematical) expectations – ‘the state of confidence’ – which made it difficult to achieve or restore the equilibrium which the classical economists had described.

But Keynes and Knight lost the battle to put radical uncertainty at the heart of economic analysis (in chapter 5 we explain why). Most economists today pay – at best – lip service to the difference between risk and uncertainty. The problem of radical uncertainty has supposedly been tamed by probabilistic reasoning. That belief has infected other areas of social science, including statistics, sociology and psychology, and even the law.

And so instead of recognising radical uncertainty, and adopting policies and strategies that will be robust to many alternative futures, banks and businesses are run with reliance on models which claim knowledge of the future that we do not have and never could have. Those models attempt to manage uncertainty by assuming that the analysis of commercial and financial risk is analogous to the analysis of roulette. We do not know how a particular spin will fall, but we do know the possible outcomes and the frequency of each of those outcomes if we played the game over and over. But uncertainty takes many forms, few of which can be represented in this way.

Three main propositions run through this book. First, the world of economics, business and finance is ‘non-stationary’ – it is not governed by unchanging scientific laws. Most important challenges in these worlds are unique events, so intelligent responses are inevitably judgements which reflect an interpretation of a particular situation. Different individuals and groups will make different assessments and arrive at different decisions, and often there will be no objectively right answer, either before or after the event. And because what we observe is not the outcome of a stationary process, conventional statistical inference rarely applies and forecasts are often based on shifting sands.

Second, individuals cannot and do not optimise; nor are they irrational, victims of ‘biases’ which describe the ways they deviate from ‘rational’ behaviour. The meaning of rational behaviour depends critically on the context of the situation and there are generally many different ways of being rational. We distinguish axiomatic rationality, as used by economists, from evolutionary rationality, as practised by people. Many so-called ‘biases’ are responses to the complex world of radical uncertainty. Evolution in this uncertain world has led characteristics which are primarily adaptive to become embodied in human reasoning. Humans are successful at adapting to the environment in which they find themselves, and have not evolved to perform rapid calculations of well-defined problems at which computers excel. This is because the problems which humans face, whether sparkling at dinner party conversations or conducting international trade negotiations, are not well-defined problems amenable to rapid calculation.

Third, humans are social animals and communication plays an important role in decision-making. We frame our thinking in terms of narratives. And able leaders – whether in business, in politics, or in everyday life – make decisions, both personal and collective, by talking with others and being open to challenge from them. Humans, uniquely, produce artefacts of extraordinary complexity and are able to do so only by the successful development of networks of trust, cooperation and coordination. Market economies function only by virtue of being embedded in a social context.

Sensible – adaptive – public policy and business strategy cannot be determined by quantitative assessments of policies and projects, made by an industry of professional modellers using probabilistic reasoning. In this book we explain how it is that so many clever people came to believe otherwise – and why they are wrong. We reassert the distinction between risk and uncertainty, and suggest that if we control risk we can not only manage but positively enjoy uncertainty. If that seems paradoxical, read on.
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