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Preface


The genesis of this book was straightforward. Over the last three years I have been overwhelmed by accounts of the impending shock to the economy and society from the spread of robots and the advances of artificial intelligence (AI). And I have met umpteen people – and businesses – who are seriously concerned about this, in some cases concerned to the point of panic. The ranks of the concerned apparently even include many people in leading AI firms who are worried about the possible impact of AI on humanity but daren’t voice their fears in public because of the possible implications for their careers.1


It is evident to me that this is one of the greatest economic issues of our age. Moreover, it promises to be one of the greatest social issues as well. Indeed, it threatens to overwhelm everything else that we are concerned about. Jim Al-Khalili, Professor of Physics at Surrey University and President of the British Science Association, has recently said that AI is more important than all other big issues facing humanity, “including climate change, world poverty, terrorism, pandemic threats and anti-microbial resistance.”2 Whether or not he is correct about the ranking compared to, say, climate change and terrorism, this makes robots and AI seem wholly bad. In fact, plenty of people (including, interestingly, Professor Al-Khalili) think that they have extraordinary capacity to bring benefits to humanity.


So, whether the implications are dastardly or beneficial, I have wanted to understand what is happening with robots and AI and to consider what the consequences might be. This book is the result of my investigations.


After spending more than a year immersed in the literature, I now know my way around the subject reasonably well. Yet readers should not be concerned that my new-found knowledge has turned me into a geek. Rest assured that it has not detached me from my bearings. I approached this subject without the advantage of great technical knowledge. In fact, I should confess that the truth is worse than this. Before my immersion in the AI literature, my children regarded me as something of a technophobe. And I am sure that the staff at Capital Economics (the company I founded) would readily have concurred with this judgment. My only edge has been a knowledge of economics and a lifetime spent thinking and writing about economic issues.


Not that this brings any direct advantage in understanding the technical matters at the bottom of this subject. And indeed, it did not prevent me from being utterly flummoxed and bamboozled by much of what the technical experts have to say. I may now claim to have reached a reasonable level of understanding, but I have spent many a long hour swathed in the proverbial hot towels, struggling to comprehend what the robotics and AI experts were saying.


Could my very absence of prior technical knowledge and understanding bring some sort of indirect advantage to set against the obvious disadvantages? Perhaps. At least it put me in the same starting position as most of my readers who, just as I once was, feel battered and bemused by the subject.


Waves of technobabble seem to flood over us whenever the words “robots” and “artificial intelligence” appear. To read about these subjects is to immerse yourself in a sea of waffle, wonder, and worship at the altar of “technology.” You risk drowning in the onrush of loose language, flabby concepts, crude extrapolation, impenetrable jargon and lack of perspective, all wrapped up in an aura of supposed inevitability.


And yet something truly amazing is happening in the world of technology, not just increasing digitization, or the development of nanotechnology, biotechnology and 3D printing, but also with regard to robots and AI. In this cocktail of ingredients for a technological revolution it is AI that stands out. It may offer the greatest benefits, but it also seems the most threatening to individual human beings and to society as a whole. For it seems to penetrate deep into the human realm and to pose fundamental questions about who we are and what we may become.


My task here is not only to survive the deluge of technobabble myself and to ensure that my readers do not drown in it but, more importantly, to salvage the many nuggets of truth amid this sea of exaggeration and to draw out the possible implications for our future.


These possible implications are wide-ranging. The experts on AI do not confine themselves to the merely technical. Indeed, they range far and wide across the whole terrain of economics, social structure, politics, and even the meaning of life. In the process, they produce conclusions that are both baffling and potentially terrifying for individuals, companies, and governments.


These three groups find themselves at a loss to know what to think about the momentous issues at stake – let alone what to do in the face of them. It is here that the background, training, and experience of an economist can profitably be brought to bear. At least, I hope they can. In the end, it is you, the reader, who must be the judge of this.


I should emphasize, though, that you won’t find here much enlightenment about the technical details or the essential nature of robotics and AI. Readers who want these things will have to look elsewhere. This is a book about the economic consequences of robots and AI. It is my attempt to bring clarity about these consequences to anyone who is potentially affected by them – clarity about how to regard these developments, and clarity over the choices that face them about what to do. By the way, these issues are so momentous that in this instance “anyone” really amounts to “everyone.”


Yet these issues are so complex and intertwined with all sorts of things whose future cannot be known that, however much clarity can be brought to the subject, there can be no certainty. When peering into the future we simply have to skin our eyes and try to make out, as best we can, what shapes lie before us.


As with my previous books, I don’t think that this profound uncertainty is an excuse for saying and doing nothing. After all, everyone has to make decisions that rest to a considerable extent on a view of the future. This applies to individuals as much as to businesses and governments. We cannot escape from uncertainty and we cannot put off all decisions until everything is clear. We simply have to do the best we can.


Inevitably, in the course of researching and writing the book I have accumulated many debts of gratitude. Professor Robert Aliber, Dr Anthony Courakis, Julian Jessop, Gavin Morris, George de Nemeskeri-Kiss, Dr Denis O’Brien, Dr Alya Samokhvalova, Christopher Smallwood, Martin Webber, and Professor Geoffrey Wood kindly read various versions of the text and gave me their comments. I am most grateful to them all, and also to the participants at a roundtable discussion in Vienna in December 2018, organized and hosted by the Austrian bank OeKB.


I was fortunate to enjoy the services of a research assistant, Moneli Hall-Harris, who made my task so much easier. Many staff members at Capital Economics helpfully provided data and charts, and others supplied critical comments, especially Andrew Kenningham, Mark Pragnell, Vicky Redwood, Nikita Shah and Neil Shearing. Moreover, I am grateful to Capital Economics for permission to include here the results of some of the research studies it has published over recent years, particularly on the subjects covered in Chapter 1.


My PA, Holly Jackson, was invaluable both in managing the typescript and keeping me on the straight and narrow with regard to my activities at Capital Economics and everything else that I have been involved with.


Last but not least, I owe a debt to my family for putting up – yet again – with my distraction and absorption in writing a book.


None of the above, nor anybody else mentioned in the following pages, is at all responsible for any errors of commission or omission. These remain the responsibility of the author alone.


Roger Bootle


London, March 2019




Prologue: The Robot Age


“It looks less like Battlestar Galactica and more like the Fall of Rome.”


David Gunkel1


“The saddest aspect of life right now is that science gathers knowledge faster than society gathers wisdom.”


Isaac Asimov2


Bubbling enthusiasts for robots and artificial intelligence (AI) gush technical about how a new revolution is going to transform our lives. But it usually isn’t clear whether the transformation is going to be favorable or unfavorable. What I read from the geeks is a mixture of two distinctly different visions: first, the idea that we all face a terrible future – involving poverty, loss of self-worth, or even annihilation – as our creation, the robots, take over; second, the idea that the revolution is going to enrich us all and free humanity from drudgery.


In the process of discussing the implications of robots and AI, many writers of a technical background have ranged far and wide into the territory of macroeconomics and public policy. Take this, for example, from the AI visionary Calum Chace:


… as the machines will be more efficient than the humans they replaced, and increasingly so, as they continue to improve at an exponential rate. But as more and more people become unemployed, the consequent fall in demand will overtake the price reductions enabled by greater efficiency. Economic contraction is pretty much inevitable, and it will get so serious that something will have to be done.3


Similar views have been expressed by leading tech entrepreneurs, including Bill Gates, the founder of Microsoft, and distinguished scientists such as the late Sir Stephen Hawking, the discoverer of black holes and much else besides.4


Yet some cynics, admittedly mostly from outside the ranks of the AI experts, seem to think that this is all overhyped and that in essence the economic and social changes that we face as a result of the spread of robots and AI will either be nugatory, or a continuation of the sort of thing that we have experienced pretty much continuously since the Industrial Revolution and, as such, will be profoundly beneficial to humanity. Some see the specters unleashed by fetid speculation about the implications of AI as reminiscent of the gigantic fuss about the Y2K computer bug which, in the end, came to naught.


Five visions of the future


So, to put it mildly, this is a far from settled issue. The conflicting views about our fate in a robot-and AI-dominated future can be pithily summarized as follows:


•    Nothing different.


•    Radically bad.


•    Radically good.


•    Catastrophic.


•    The key to eternal life.


Charting a path through these different possible futures is the main purpose of this book. I cannot, and should not, try to steal my own thunder just as the argument is about to begin. So, I will leave discussion of the first three possible outcomes to succeeding chapters. But I must briefly say something about the fourth and fifth possibilities now.


To anyone unfamiliar with the literature on this subject the words I have chosen to describe the fourth and fifth visions of the future – namely catastrophic and the key to eternal life – will seem hyperbolic. But anyone who has delved into the literature will recognize them as anything but. The techies argue that once human-level AI is achieved, superhuman AI will be almost inevitable. A digital brain can be copied without limit and, unlike the human brain, it can be speeded up.


This then leads on to the idea that the AI revolution potentially amounts to the last human advance. Once we have created artificial intelligences greater than any human one, they will then create still greater intelligences, completely beyond our ken and outside our control. And so on, and so forth. To these new forms of intelligence, we will be not only inferior but also worthless, if not actually an encumbrance. They could readily decide to destroy us. The late Sir Stephen Hawking told the BBC in 2014: “The development of full artificial intelligence could spell the end of the human race.”5


Similarly, the distinguished Cambridge scientist Martin, Lord Rees, the Astronomer Royal, has described the point at which AI achieves superintelligence as “our final hour.” He sees the period when human intelligence dominated the world as a blip.6


The time at which some form of AI becomes more intelligent than humans is widely referred to in the literature as “the Singularity.” As and when it happens, the consequences are likely to extend well beyond individuals. Murray Shanahan, the Professor of Cognitive Robotics at Imperial College, London, encapsulated the views of many AI experts when he wrote:


“By analogy, a singularity in human history would occur if exponential technological progress brought about such dramatic change that human affairs as we understand them today came to an end. The institutions we take for granted – the economy, the government, the law, the state – these would not survive in their present form. The most basic human values – the sanctity of life, the pursuit of happiness the freedom to choose – these would be superseded.”7


But the world of the Singularity is far from being entirely negative for humanity. Indeed, for Ray Kurzweil, the high priest of AI enthusiasts, it is just the opposite. He sees a fusion between humans and AI that effectively enables us to “upload” ourselves into a nonmaterial form and thereby secure eternal life.8 (I suppose this is a more positive vision for us all, isn’t it? I don’t know about you but, personally, being “uploaded” into some form of AI for eternity does not exactly appeal to me.)


To someone of my ilk, even without the “uploading” and the prospect of eternal life, to read about the capability of AI and the fate of humanity after the Singularity is to plunge into a world that seems like science fiction. Nevertheless, as I shall show in the Epilogue, I do not dismiss such ideas. How could I? When some of the greatest scientific minds of our age, such as Sir Stephen Hawking and Lord Rees, have taken these prospects seriously, I am hardly in a position to disparage them.


But I am profoundly conscious of a dislocation between the apparently science fiction world of the Singularity and the day-to-day advances of robotics and AI that have here-and-now effects on the economy. These require decisions from both companies and individuals in pursuit of their own interests, and governments in pursuit of the public good.


What influence should the Singularity have on these decisions? Among others, John Brockman, a “cultural impresario” who has connections with most of the world’s leading scientists and thinkers about AI, thinks that current decisions by all these actors should be strongly influenced by the coming revolutionary change. He writes: “One doesn’t need to be a super intelligent AI to realize that running unprepared toward the biggest event in human history would be just plain stupid.”9


And Stuart Russell, Professor of Computer Science at the University of California, has alleged that to fail to prepare for the Singularity would be complacent or even downright irresponsible. He has written: “if we received a radio signal from a more advanced alien civilization saying they’d arrive here in sixty years, you wouldn’t shrug and say, ‘Eh, its sixty years off.’ Especially not if you had children.”10


I strongly disagree with this view. I would not immediately rush to make major decisions on the basis of such a “radio signal.” First, I would want to know that the message really was from an alien civilization and I would wonder what the source’s record was for correctly preannouncing its actions or forecasting events. If this was a first “message,” of course, there would be no such record. That would put me on my guard. And I would be acutely aware that the famous Orson Welles radio broadcast of H. G. Wells’s futuristic novel The War of the Worlds, aired on October 30, 1938, claiming that aliens from Mars had invaded New Jersey, terrified thousands of Americans and caused widespread panic.


Then, if I thought the message was to be believed (Orson Welles and H. G. Wells notwithstanding), I would wonder about what we could do. Should we prepare for war or plan a welcoming party? And suppose that the message said that they were coming in 200 years, or even 500, or just some time maybe? What we should do could be radically different depending upon how imminent or distant their arrival was.


In reality, those who claim that the Singularity is near are not beings from some more advanced, alien, civilization but rather the ultra-enthusiasts of a cult here on earth. And, for all their enthusiasm, although they may turn out to be right, there are good arguments (which I will discuss at the end of the book) as to why they will prove to be wrong.


And timescale really matters. Lord Rees, whom I quoted earlier as believing in the burgeoning and irresistible power of AI, has suggested that machines will probably have taken over “within a few centuries.” Never mind impossibility, if the world of the Singularity is as long delayed as Lord Rees believes that it probably will be, then it is possible that the human race may be done for much earlier, by nuclear war, asteroid collision, pandemic, or heaven knows what. Or perhaps before then it will find salvation some way or other.


On a cosmic scale, a few hundred years may be a mere heartbeat but for the designers of public policy, never mind for all of us as individuals, it might as well be infinitely distant. A focus on the Singularity would lead decision-makers up the garden path with regard to day-to-day issues in the here and now. Moreover, these day-to-day issues are likely to be with us for many years to come. Indeed, day-to-day may readily slide into decade-to-decade, and even century-to-century. Fashioning our lives and shaping public policy now to prepare for the Singularity at some unspecified point in the future would be an expensive folly. Worse than that, it would obscure the palpable advances of robots and AI in the near future, causing us to be dangerously unprepared for what lies immediately in front of us.


So, right at the beginning of the book, I have taken a major decision. The world of the Singularity and all its implications I have consigned to the end. (You might well think that this is precisely where both the Apocalypse and the promise of eternal life necessarily belong.) Everything else in the book refers to the anterior world – the immediate world – in which although robots and AI become more important, the human race is not overtaken by AI, let alone wiped out by it. Nor are we uploaded into cyberspace.


But this does not mean that we should downplay – let alone ignore – what robots and AI are going to do to the economy and society. The changes they will bring will be profound. We may or may not be heading for the Singularity, but we are heading into the AI economy. This book is about what this will be like for humanity.


Terms and definitions


As with all analytical issues where things are developing rapidly, there are some tricky questions about terms and definitions. What do we mean by “robots” and “artificial intelligence”? The word “robot” is believed to have been first coined in the 1920 play R.U.R. (standing for Rossum’s Universal Robots) by Czech science fiction writer Karel Čapek. Its linguistic roots seem to lie with the word robota, meaning obligatory work, and robotrick, meaning “serve.”11


Whatever its origins, the word “robot” has entered not just the language but also our imaginations. It naturally conjures up for us a metallic figure shaped roughly like a human, with a head, two hands, arms, and legs. Yet many things that we might want to call “robots” are not shaped at all like this. We should think of robots as mechanical devices that can be programed to act in certain ways, without necessarily looking, or trying to behave, like humans. I will use the word “robot” to mean all such devices, whatever their shape and appearance.


The term “artificial intelligence” was coined in 1955 by John McCarthy, a professor of mathematics at Dartmouth College in the USA. Along with colleagues from MIT, Bell Laboratories, and IBM, he set out to “find out how to make machines use language, form abstractions and concepts, solve kinds of problems now reserved for humans, and improve themselves.”12


John Brockman has suggested that the term “artificial intelligence” is unhelpful. He prefers “designed intelligence.” Whether or not he is right about the merits of this suggestion, the term “artificial intelligence,” or AI, is so well established in the literature and in public discussion that it would be confusing and unhelpful to change it now. Accordingly, I am sticking with it.


This may settle the nomenclature, but it still leaves us with tricky issues of definition. Actually, the borders between ordinary machines and robots, and between robots and AI, are unclear. Is a washing machine a robot? We would not normally want to refer to it in that way. But is this because washing machines aren’t shaped like humans and don’t move about? Equally, by programing what we would ordinarily accept to be a robot to do certain things that a human could do aren’t we imbuing it with a degree of intelligence – indeed “artificial intelligence”?


In fact, there is a large literature on this subject, discussing what constitutes a robot and what qualifies as AI, as well as the links between the two. I intend not to burden the reader with a definitional diatribe here. I invite those who are interested to delve into the literature.13 Throughout the book I frequently use the term “robots and AI” as a shorthand way of referring to the whole genus. I suspect that readers will readily understand what I mean without having to reach for an AI lexicon or agonizing about definitional boundaries.


Purpose


Although I hope that economists will find in these pages much to interest and engage them, the book is not written primarily for them but rather for the intelligent general reader. For some people, contemplating the issues raised by the spread of robots and AI will be merely a matter of curiosity and interest. I hope to provide them with food for thought. But for many readers the subject matter of this book will go right to the heart of some of their major anxieties about the future and address key matters on which they will need to make decisions. This includes many people working in robotics and AI and sectors closely affected by them. The book’s purpose is to aid understanding and hence to improve decisions, while also enhancing confidence about the future.


For individuals, the key issues will revolve around work, but there are also important issues concerning leisure time, retirement, and parental responsibilities:


•    Will the sort of job that they currently have, or plan to have, enjoy a bright future or is it destined for extinction, or something in between?


•    What sort of skills should they seek to acquire and develop in order to maximize their employability and earning capacity in the future?


•    Should they anticipate long spells, voluntarily or involuntarily, without work?


•    Even when they are in employment, will hours of work be noticeably shorter?


•    Should they prepare for a much longer retirement?


•    As parents, how should they seek to educate their children to prepare them for both work and leisure in the AI economy?


For businesspeople the primary questions are related to these same issues, but they have a slightly different focus:


•    Which business activities have a bright future in the new world, which could be wiped out by the effects of robots and AI, and which could have a future somewhere in between?


•    In which areas should businesses be investing heavily in robots and AI?


•    In which activities should they be investing in skilling up their workforce, and, if so, how?


•    In which activities should they plan to replace workers with robots and AI? In which should they regard the need for labor as pretty much impervious to robots and AI? And in which should they expect humans to work closely together with robots and AI?


•    What sort of new industries and activities may spring up?


For governments, too, and all those interested in public policy, these same questions are crucial, but their key concerns also have a different gloss and emphasis:


•    How will the performance of the economy respond to robots and AI and what challenges will they pose for economic policy?


•    Should governments seek to encourage or restrict the spread of robots and AI? And, if so, how?


•    How do the law and regulatory systems need to be changed to accommodate robots and AI?


•    What is the role of the state in reforming the education system in order to make it fit for the new world?


•    Should governments be preparing a radical revamp of the tax and benefit system in order to offset a possible widening in inequality? And, if so, what measures should they be prepared to take?


Shape and structure


Because the concerns of these three groups are closely related, rather than separate out chapters for individuals, businesses and policy-makers, I separate them by subject, so that each chapter should be of interest to all three groups.


The structure of the book is simple, but it still needs a word of explanation. Although I examine the issues here in neat, self-contained chapters, they are all closely related. Moreover, the interrelationships between the subjects discussed go in different directions simultaneously. So, there is a real problem of where to break into the circle and how to structure the analysis.


Researching the book and then writing it has been a voyage of discovery. I hope that you will experience something similar as you read it. But the reader’s journey should be both shorter and more structured than the author’s. When the latter begins his journey and wanders hither and thither in search of heaven knows what, he does not know where his enquiry will end. But once the journey is over, he knows both the destination that he wishes to bring the reader to and the most direct route by which to reach it.


Consequently, it makes sense that readers are presented with a structured approach to the subject. Yet this means that they are bound to have many “but what about so-and-so” moments as they read about one aspect of the subject, conscious of the interconnections with other aspects that haven’t yet been dealt with and not sure that they will ever be. As far as possible, I try to help readers to maintain their patience and enhance their understanding by indicating where issues that have been apparently ignored or glossed over are dealt with later in the book.


Whether ordinary individuals, businesspeople, or workers in government and public policy, many readers will doubtless be itching to get straight to the nitty-gritty questions concerning the effects of robots and AI on the various aspects of their lives and activities described above. But they will need to hold their horses for a while. Any attempt to speculate about the future of work, incomes, education, leisure, and a whole host of other things that may be affected by robots and AI will be meaningless without an understanding of the macro environment. Indeed, it is precisely the lack of an adequate understanding of the macroeconomic aspects that mars so many accounts of the robot and AI revolution and leads their authors to false conclusions.


Moreover, this book is, after all, about the economic consequences of robots and AI. These consequences have more to do with economics than they have to do with the intricacies of what robots and AI can do. Accordingly, it is entirely appropriate that Part I of the book is concerned with the macroeconomy. Even so, Chapter 2 does deal directly with robots and AI by putting current and prospective developments into perspective. Among other things, it discusses the extent to which robots and AI have implications fundamentally different from other technological developments that have occurred over the last 200 years.


But before this, Chapter 1 gives an account of our economic past, including those last 200 years. You may think that beginning a book about the future with this historical focus is quixotic. Yet it isn’t. An understanding of our economic history is profoundly important for getting the present revolution in context. It is a tale rich in interest, full of surprises and brimful of relevance for the issues at hand. It is central to the debates about robots and AI to understand to what extent current and future technological advances are similar to what went before and to what extent they are fundamentally different.


Chapter 3 discusses the macroeconomic consequences of the advances of robots and AI. Will they lead to a recession or even, as some analysts allege, to a depression? Will the robot and AI revolution lead to a major reduction in employment opportunities? Will it be anti-inflationary? And what will it do for the economic growth rate and the growth of productivity and living standards? Moreover, in such a world, what will happen to interest rates and the various asset types in which we invest our money?


Part II is where the patience of readers who wish to get straight to the detailed shape of the future is rewarded. It is devoted to the consequences of the robot and AI revolution for the world of work and business, starting in Chapter 4 with a discussion of the rewards from work and the human need for it, balanced against the draw of increased opportunities for leisure. In it I reveal my vision of the likely future division between work, rest and play.


Chapter 5 describes the likely future shape of the labor market of the future: the types of job that will disappear, the types that will remain largely unaltered, the types that will survive but will be radically transformed, and the types that might appear from nowhere. And Chapter 6 identifies the likely winners and losers from these changes – not just groups of individuals but also regions and countries.


Part III is devoted to policy. Given the prospective changes described in the preceding chapters, what should governments do? Should they seek to encourage developments in AI or to restrain them, through taxation, regulation, or legal changes? This is the subject matter for Chapter 7.


Next, in Chapter 8, comes education. Given the prospective changes brought about by robots and AI, surely we cannot continue to educate children and university students in exactly the same way as we have up to now, as though nothing had happened. But how should they be educated? Will we need fewer teachers or more? What subjects should be taught? And what is the appropriate role of the state in bringing about the necessary changes?


Chapter 9 deals with one of the most controversial issues of all, namely the idea that, because we may face a future in which extraordinary productive largesse coincides with widespread poverty, there needs to be a substantial redistribution of income and, perhaps, wealth. If society made this choice, could it achieve the desired result by reforming the current system for redistribution? Or should we adopt the radical suggestion that society should provide a guaranteed minimum income for all? This idea has been embraced by many influential thinkers across the political spectrum. But does it make sense? Is it affordable and what consequences would it have for the incentive to work and for the shape of society?


In the Conclusion I draw together the outcome of the discussions and analysis of the previous nine chapters and present what I think the main lessons are for individuals, companies, and governments. But this isn’t quite the end – in more ways than one. As advertised above, the Epilogue launches into even more controversial territory, namely how the world might look if and when we experience what the AI experts term “the Singularity,” when AI becomes more intelligent than humans and takes over the world – and/or AI and humans fuse together.


But the place to start on this adventure that may take us into the far future, and beyond, is surely with an understanding of how we got to where we are.



PART 1

Man and machines: past, present, and future


1

The ascent of man

“Productivity growth isn’t everything; but in the long run it’s almost everything.”

Paul Krugman1

“The past 250 years could turn out to be a unique episode in human history.”

Robert Gordon2

If there is one event in our economic history that should be counted as a “singularity” it is surely the Industrial Revolution. Like all things historical that one learned about at school, the Industrial Revolution is more complicated than how it was presented back then. For a start, you could quite reasonably say that it wasn’t a revolution. After all, it wasn’t a single event but rather a process, starting in Great Britain in the late eighteenth century and drawn out over many decades.

And you could also say that it wasn’t exclusively, or perhaps even primarily, industrial. There were certainly great advances in manufacturing, but there were also great advances in agriculture, commerce, and finance. Moreover, what made the Industrial Revolution possible – and what made it happen in Britain – was less to do with material factors, such as the availability of coal and water power that we had drilled into us at school, and more to do with the political and institutional changes that had happened over the previous century.

But no matter. Whatever name you want to give it, it was momentous. Before the Industrial Revolution there was next to no economic progress. After it, there was nothing but.

This is a simplification, of course. There was some growth in per capita output and incomes beforehand, including in both the USA and Britain in the seventeenth and eighteenth centuries – although the pace of advance was minimal compared to what came later.

Nor is it quite right to see economic progress as continuing relentlessly after the Industrial Revolution. As I will show in a moment, there have been some notable interruptions. Moreover, it took decades for there to be any increase in real living standards for ordinary people. 3

These various quibbles and qualifications have led some economic historians to question whether we should dispense altogether with the idea of the “Industrial Revolution.” Yet this would surely take revisionism too far. Rather like those historians who claim that, in contrast to their fearsome reputation, the Vikings were really nice, civilized, decent people, if not actually cuddly, in seeking to correct the simplicities of an established view, they have veered off too much in the other direction. The Vikings really were pretty scary, and the Industrial Revolution really was momentous.

One of the key characteristics of the post-Industrial Revolution world that marks it out as different from everything that came before is that, starting during the Victorian age in England, it came to be widely believed that the human condition would continue to get better and better, inevitably and inexorably. As the historian Ian Morris has put it, the Industrial Revolution “made mockery of all the drama of the world’s earlier history.”4

From ancient to modern times

This message about the significance of the Industrial Revolution is borne out by Figure 1. It shows what has happened to per capita GDP from 2000 BCE to the present. Believe it or not! Clearly, the early data shown in the chart are pretty dodgy. They should be regarded as indicative at best. In fact, more than that. You can ignore the absolute numbers marked on the chart’s axes. They have no meaning. It is the relativities that should command attention. Per capita GDP in each year is compared with how it was in the year 1800. (In other words, all figures are indexed, with the year 1800 set equal to 100.)

[image: image]

FIGURE 1 World GDP per capita from 2000 BCE to the present day (the year 1800 = 100)

Source: DELONG, Capital Economics

As the chart shows, there was effectively no change in per capita GDP from 2000 BCE to the birth of Christ, marked on the chart as Year 0. From then to 1800 per capita GDP doubled. This may not sound that bad but bear in mind that it took us 1,800 years to achieve this result! In regard to the rate of increase from one year to the next, it amounts to next to nothing. (That is why you can hardly make out any rise on the chart.) Moreover, the improvement was heavily concentrated in the later years.5

But after the Industrial Revolution things were utterly different. The chart clearly shows the lift-off. In 1900 per capita GDP was almost three and a half times the 1800 level. And in 2000 it was over thirty times the 1800 level.6 The Industrial Revolution really was revolutionary. It provides the essential yardstick against which we must measure and assess the advent of robots and AI.7

In what follows, I trace out and discuss the major features of our economic history from ancient times, through the Industrial Revolution to the present. But I hope that readers will understand that, compared to my more detailed discussion of recent decades, coverage of earlier centuries is thinner and I breeze through time much more quickly. This is both because we have much less information about our distant history and because, as we contemplate the potential economic effects of robots and AI, ancient times are of less interest and relevance than recent decades.

Ancient puzzles

Right at the heart of the Industrial Revolution was technological change.8 Yet there were some notable milestones in technological development well before the Industrial Revolution. Indeed, going a fair way back into history there were dramatic advances such as the domestication of animals, the plantation of crops, and the invention of the wheel. But they don’t show up clearly in our record of world GDP per head. Believe it or not, this “record,” or rather the economist Brad DeLong’s heroic efforts to construct one, goes back to one million years BCE. (There is no point in extending Figure 1 this far back because all you would see is a practically flat line, and this would obscure the significance of what happened over the last 200 years.)

Now, admittedly, the absence of much recorded economic growth in earlier periods could simply be because our economic statistics are hopelessly inadequate. They certainly are poor and patchy. But we don’t have only this inadequate data to go on. The evidence from art, archaeology, and such written accounts as we have, all point to the conclusion that the economic fundamentals of life did not change much across the centuries, at least once mankind abandoned nomadism for a settled life.

Why did these earlier, apparently revolutionary technological developments, referred to above, not bring an economic leap forward? The answer may shine a light on some of the key issues about economic growth that haunt us today, and in the process pose important questions about the robot and AI revolution.

I am sorry to say, though, that there isn’t one clear and settled answer to this important historical question. Rather, four possible explanations suggest themselves. I am going to give you all four without coming to a verdict as to which explanation is the most cogent. We can leave that to the economic historians to scrap over. In any case, the truth may well be a mixture of all four. What’s more, each of these possible explanations has resonance for the subject of this enquiry, namely the economic impact of robots and AI.

The first seems prosaic, but it is nonetheless important. Momentous developments such as the First Agricultural Revolution, involving the domestication of animals and the plantation of crops, which can be said to have begun about 10,000 BCE, were stretched out over a very long time. Accordingly, even if the cumulative effect once the process was complete was indeed momentous, the changes to average output and living standards did not amount to much on a year-by-year basis.9

The second possible explanation is structural and distributional. For a technological improvement in one sector (e.g., agriculture) to result in much increased productivity for the economy overall, the labor released in the rapidly improving sector has to be capable of being employed productively in other parts of the economy. But as the First Agricultural Revolution took hold, there were effectively no other forms of productive employment. Hence the proliferation of temple attendants, pyramid builders, and domestic servants. The anthropologist James Scott has suggested that after the First Agricultural Revolution average living standards for the mass of the population actually declined.10 Nor was there anything in the new agrarian economy, with its lopsided income and wealth distribution, that favored further technological developments.

From technology to prosperity

The third possible explanation is that technological advance alone is not enough to deliver economic progress. You have to have the resources available to devote to new methods and to make the tools or equipment in which technological progress is usually embodied. Accordingly, growth requires the forgoing of current consumption in order to devote resources to provision for the future. Human nature being what it is, and the demands for immediate gratification being so pressing, this is easier said than done.

Unfortunately, the sketchiness of our data on the distant past again precludes us from conclusively establishing the truth on this matter. But it seems likely that ancient societies were unable to generate much of a surplus of income over consumption that could be devoted to the accumulation of capital. And we also have to take account of the destruction of capital in the various wars and conflicts to which the ancient world was prone. So the net accumulation of capital was probably nugatory.

Such surpluses as were generated from ordinary activities seem to have gone predominantly into supporting the existence of nonproductive parts of society, such as a priestly caste, or the construction of tombs and monuments. In ancient Egypt, heaven knows what proportion of GDP was devoted to the construction of the pyramids or, in medieval Europe, to the erection of the splendid, and splendidly extravagant, cathedrals that soared above the seas of poverty all around. It is wonderful that these remarkable buildings are there for us to enjoy today. But they didn’t exactly do much for the living standards of the people who were awed by them when they were built – nor for the rate of technological progress, either then or subsequently.

The demographic factor

The fourth reason that technological progress did not automatically lead to increased living standards is that the population rose to soak up whatever advantages were gained in production. The evidence suggests that for the world as a whole there was annual average growth of about 0.3 percent in the sixteenth century, but population growth averaged 0.2 percent per annum, leaving the growth in GDP per capita at a mere 0.1 percent, or next to nothing. Similarly, in the eighteenth century, just before the Industrial Revolution, global growth appears to have averaged about 0.5 percent, but again just about all of this was matched by an increase in population, meaning that the growth in real GDP per head was negligible.11

Admittedly, the linkages here are not straightforward. After all, an increased number of people was not an unmitigated disaster, imposing a burden on society, as is so often, erroneously, assumed. On the contrary. More people meant more workers, and that would tend to increase overall production. But applying more workers to a given amount of capital and land would tend to produce lower average output. (Economists know this as the law of diminishing returns.) Moreover, a higher rate of population growth would mean a higher ratio of nonproductive children to productive adults. (Mind you, just as in many poor societies today, stringent efforts were made to make children to some degree productive from an early age.)

The constraints on living standards imposed by rising population were the central element in the theory propounded by the Reverend Thomas Malthus, who was both a minister of the Church and one of the early economists. These days his rank pessimism has been completely discredited. And rightly so. He really did give economics and economists a bad name. Writing in England in 1798, he said:

The power of population is so superior to the power of the earth to produce subsistence for man, that premature death must in some shape or other visit the human race. The vices of mankind are active and able ministers of depopulation. They are the precursors in the great army of destruction; and often finish the dreadful work themselves. But should they fail in this war of extermination, sickly seasons, epidemics, pestilence, and plague advance in terrific array, and sweep off their thousands and ten thousands. Should success be still incomplete, gigantic inevitable famine stalks in the rear, and with one mighty blow levels the population with the food of the world.12

In one of the rare forays of an economist into the realms of carnal desire, he warned that the “passion between the sexes,” if left unregulated, would result in misery and vice. He urged that the “consequences of our natural passions” be frequently brought to “the test of utility.”13

Here lies a lesson for all those authors, both techie and economic, who currently wax lyrical on the horrors that human beings face in the robot-dominated future. You are entitled to be that gloomy if you like, but if you are, and wish to preserve your reputation, you had better be right.

Poor old Malthus. If ever an economist got things comprehensively wrong, it was him. Over the last 200 years – although not quite as soon as the ink was dry on his writings – per capita GDP and living standards have shown a dramatic rise. From 1798, the year Malthus published his gloomy tome, to today, the cumulative increase in real per capita GDP in the UK has been over 1,300 percent. And the increase in living standards (on which we don’t have full data) would not be much different. (Admittedly, this improvement did not occur initially, as I will discuss in a moment.) And all the while, the population has been rising relentlessly. It would surely not be too unkind to say that nothing remotely like this was envisaged by the Reverend Malthus. Indeed, to put it baldly, these facts completely contradict his thesis.

Malthus failed to foresee two major elements of economic progress. First, he not only underestimated the scope for technological progress in general, but he appears to have misread entirely the scope for technological progress in the production of food in particular. In the nineteenth and twentieth centuries we managed to sharply increase the output of food, not just by taking into cultivation new land in the Americas and elsewhere, but also because, through advances in the techniques of food production, we were able to increase the output from a given amount of land.

Second, through the use of various methods of birth control, in the last century the birth rate fell back. This meant that, although population continued to rise, it did not increase anything like fast enough to prevent living standards from increasing.

This does not mean, though, that Malthus was wrong about the rest of human history. Indeed, up to the Industrial Revolution he seems to have been broadly right. Anyway, we shouldn’t feel too sorry for him. Posthumously he earned one of the greatest consolation prizes going: Charles Darwin credited him as the inspiration for his theory of evolution through natural selection.14

Fluctuations and losers from change

The account I gave at the beginning of this chapter makes it sound as though the post-Industrial Revolution world has been one long upward trajectory. That is indeed the impression given by Figure 1. And it is a very good first approximation of what happened. But it is not the whole truth. Once the engine of economic progress got going, there was anything but a smooth and even process of rising living standards for everyone. Indeed, the early decades of the nineteenth century constituted a prolonged period during which wage growth lagged productivity growth, and living standards were squeezed. This period is known as “the Engels pause,” after Friedrich Engels, Karl Marx’s collaborator and benefactor, who wrote about it in The Communist Manifesto, published in 1848.15

The historian Yuval Noah Harari suggests that in 1850 (i.e., before the consequences of the Industrial Revolution had started to elevate general living standards), “the life of the average person was not better – and might actually have been worse – than the lives of archaic hunter-gatherers.”16 Similarly, the economic historian Robert Allen has argued that it was only after 1870 that European real wages rose decisively above medieval levels, with Britain leading the way. Indeed, for many parts of Europe, he says that it is difficult to argue that the standard of living in 1900 was notably higher than it had been in the sixteenth century.17

Moreover, the economy as a whole was subject to marked fluctuations. For particular trades, regions, and countries, these fluctuations were even greater. Of course, well before the Industrial Revolution there were also fluctuations in fortunes. The Bible talks of seven years of plenty and seven of want. Such fluctuations were usually caused by variations in the harvest, but disease, natural disaster, war, and civil disturbance also played a part.

These things continued up to and after the Industrial Revolution. But over and above these sources of vagaries in fortune, the new market exchange economy that became dominant from the eighteenth century onward was also subject to swings of aggregate demand, or spending power. As a result, there were periods of substantial unemployment during which, even if workers’ skills were not redundant, there was inadequate demand for them. This feature of the money-exchange economy was most evident during the Great Depression of the 1930s, marked by mass unemployment in many countries. (There’s more about this in Chapter 3.)

Furthermore, the technological “progress” that underpinned the Industrial Revolution undermined the livelihoods of many individuals and groups. This was not an unfortunate, incidental extra; it was intrinsic to the very process of economic growth, which relied upon old skills and occupations becoming redundant and new ones taking their place. The great Austrian American economist Joseph Schumpeter called this process “creative destruction.”

Admittedly, even before the Industrial Revolution, there were also some cases of technological redundancy. For instance, the Venetian shipwrights, who for centuries had made their living out of constructing galleys and ships with fixed sails to ply their trade across the Mediterranean, eventually faced redundancy when oceangoing ships with adjustable sails came to dominate international trade.

Nor was it open to them simply to learn how to make these different types of vessel. The dominant trade routes changed as well. Asian trade with Europe no longer passed across land to the Eastern Mediterranean, and hence to Venice, but rather went by sea around Africa. And soon the transatlantic trade, conducted by the Atlantic-facing countries – Spain, Portugal, France, Holland, and England – dramatically rose in importance, too. So they were snookered.

Yet, with the Industrial Revolution and the mass movement of people from the land to cities, the chances of unemployment and/or impoverishment as a result of technological change and/or a slump in demand dramatically increased. Most people were now specialized in a particular trade and depended for their food, clothing, and shelter on being able to sell the fruits of their labor. This made them vulnerable because the particular skill that they acquired, or even their bare unskilled, brute labor, could become redundant thanks to technological progress (or some new commercial development).

Throughout history technological advances have been resisted by those whose livelihoods have been undermined by them. Understandably. In the fifteenth century, well before the Industrial Revolution, textile workers in Holland attacked textile looms by throwing their clogs (wooden shoes) into them. These shoes were called sabots. This may well be the origin of the word “saboteur.”

It is scarcely surprising, then, that the early years of the Industrial Revolution witnessed resistance to new methods from groups of workers who saw their livelihoods threatened. In some cases in early nineteenth-century England, groups of workers gathered together to smash the machines that they considered to be threatening their wellbeing. They became known as “Luddites,” after one Ned Ludd, possibly born Edward Ludlam, who is supposed to have smashed two knitting frames in 1779. Echoes of these attitudes and behavior continued throughout the nineteenth century and indeed continue even to the present. To this day, people who oppose technological developments are often branded “Luddites.”

Nor was opposition to technological progress restricted only to those directly disadvantaged by it. In the third edition of his Principles of Political Economy and Taxation, published in 1821, the great economist David Ricardo added a new chapter, “On Machinery.”18 In it he said: “I am convinced that the substitution of machinery for human labour is often very injurious to the interests of the class of labourers.” There have been frequent echoes of this thinking throughout the subsequent 200 years.

New jobs for old

Great economist though Ricardo was, as things turned out, his pessimism was unjustified. Although many individual workers experienced loss of employment or diminished incomes as a result of technological advances, this is not the story of the economy as a whole. Jobs lost in some sectors or occupations were replaced by new jobs created in others. The most dramatic impact of mechanization on jobs was probably in agriculture. As late as 1900, agriculture accounted for 40 percent of employment in the USA. In 1950 it accounted for 12 percent, and the figure today is 2 percent. In the UK the corresponding figures are 9 percent in 1900, 5 percent in 1950, and 1 percent today.

The reduction in the relative importance of agriculture and the decline of employment opportunities in that activity turned out to be good news for humans. But, at least in terms of numbers, it was not good news for horses. In 1915 the horse population of the USA was some 26 million. This has been referred to as the time of “peak horse.” Today the horse population stands at about 10 million. And the change isn’t only a matter of numbers. In 1915 nearly all the horses were a vital part of the productive process. Today they are almost all used for some sort of leisure activity.19

Some pessimistic commentators have seized on the analogy with horses to suggest that the current phase in economic development can be regarded as “peak human.” If they are right, I suppose human existence, too, would be driven by leisure activities, just like the remaining horses. (Whether this vision is going to turn into reality is the subject of succeeding chapters.)

After the share of agriculture in the economy contracted in favor of manufacturing, something similar subsequently happened with manufacturing as its share fell in favor of services. In the United Kingdom in 1901, manufacturing accounted for almost 40 percent of total employment, with services accounting for only slightly more. Now, manufacturing is down to 8 percent of all jobs while services account for 83 percent.20

Moreover, within the broad categories of employment, such as agriculture, manufacturing, and services, it has been a similar story of existing jobs destroyed and new jobs created. In the 100 years to 1971, the number of people employed as telephone and telegraph operators rose by a factor of forty. Since then, the advent of automated switchboards, as well as the internet and mobile technology, has caused such employment to shrink dramatically.

By contrast, over the last 35 years, the number of information technology managers in the United Kingdom has risen by a factor of more than 6 and the number of programers and software development professionals has risen by a factor of almost 3.21

Productivity-enhancing changes have sometimes expanded employment even in the industries undergoing the improvement. Henry Ford’s introduction of assembly line production methods is a case in point. In 1909 it took over 400 working hours to produce a car. Two decades later this had fallen to less than 50 hours. Yet employment in automotive manufacturing took off. Much greater efficiency in production translated into lower prices, and this, combined with other factors, led to a greatly expanded demand for cars.

The more normal experience, though, has been for employment in the industries enjoying rapid productivity growth to contract. But the fall in the prices of the goods produced by those industries has raised the real incomes of consumers and led to increased demand, not just for the goods whose prices have fallen, but for a wide variety of other goods and services, leading to increased employment in the industries producing these other goods and services.

The result is that those critics – and there were lots of them – who saw technological change as destroying large numbers of jobs and even threatening employment overall have been proved wrong. There has been no tendency for overall employment to diminish. Quite the opposite. Indeed, not only has overall employment kept rising but in the UK, as well as some other developed countries, the ratio of employed people to the overall population has recently been rising, too.

And wages and salaries have risen substantially as well. From 1750 to the present, although there were some pauses and reversals, and although the picture may have changed a bit recently, the share of wages and salaries in national income has been broadly constant. This means that the benefits of productivity growth were shared more or less equally between the providers of labor (the workers) and the owners of capital (the capitalists). The relentless rise in average real wages and salaries made possible a corresponding improvement in the average standard of living.22

Still, we all know about averages. If people were to overcome the problems that technological change thrust upon them, they had to adapt themselves – to learn new skills and/or to shift location. Many individuals did manage to do this, but some did not. Accordingly, during this period of “progress,” large numbers of people underwent immense suffering.

Technology and the engine of growth

Before we leave the Industrial Revolution and move on to more recent times, we need to get technological change into perspective. Economic history is full of inventions. And economic history books about the Industrial Revolution are fuller still. All steam engines and “spinning jennies.” This isn’t wrong, but it is partial, and it can be misleading. It is true that productivity is the key to economic growth – certainly to the growth of output per capita, which is the ultimate determinant of living standards.

But there is more to productivity growth than inventions and technology. A society can enjoy increased living standards over time if it devotes a proportion of its output to real investment, over and above the amount that is necessary to replace the stuff that has been worn out by age, continued use, or wartime destruction. Sustained net real investment will mean that the amount of capital that workers have to work with will rise over time and this will result in higher output per head, even if there is no technological progress.

Moreover, sometimes output per head can increase even without having the benefit of either new inventions or more capital. At the very basic level, over time human beings and their organizations (families, firms, and governments) learn to do things better, bit by bit, incrementally. (In the economics literature, this is known as “learning by doing.”) This increases output and productivity.

Sometimes there can be great leaps forward as a result of trade and commerce. This can happen through internal barriers to trade being removed (as with the Zollverein among mid-nineteenth-century German states). Or it may occur as the result of the discovery and subsequent development of new land, such as happened with the Americas and Australia. In the early years of the development of both the Americas and Australia, commercial expansion took place without any assistance from new technology. (Admittedly, in the late nineteenth century it was greatly aided by the emergence of steamships and refrigeration.)

And then, quite separately and at first unconnected with international trade and commerce, every so often come the great inventions and technological leaps forward.

Different periods experience a different balance of these various factors. The Industrial Revolution saw a combination of all of them. And the benefits were interactive as the expansion of markets made possible by increased trade enabled the exploitation of economies of scale in production – just as Adam Smith argued would happen in The Wealth of Nations, published in 1776.

Economic development continued throughout the nineteenth century and into the twentieth. But twentieth-century economic performance did not at first show the full benefits because other factors intervened. The first half of the century was scarred by two world wars that destroyed capital on a massive scale and diverted resources into war production. And sandwiched between these two devastating conflicts was the Great Depression which saw a large loss of output in most countries in the developed world. In the USA, GDP fell by 30 percent and unemployment reached a peak of 25 percent of the workforce. Still, all things come to an end, including bad ones. And the end of the Second World War set the stage for something extraordinary.

The postwar boom

The period from the end of the Second World War to 1973 (the year of the first OPEC oil price hike) was one of the most remarkable in our history. Several of the sources of economic growth discussed above came together at the same time:

•    After the destruction of the war, there was an urgent need for substantial postwar reconstruction. This was greatly assisted by the financial aid provided by the USA through the Marshall Plan.

•    There was a hangover of inventions and developments from the 1930s and the war years that had not been put to full commercial use. This, and the drip-feed of new advances, led to a steady stream of technological improvements.

•    The economy was run at a very high level of aggregate demand and high employment.

•    Thanks to the above factors, and low interest rates, investment was high.

•    The international trading system was gradually liberalized, with the result that international trade took off, thereby realizing the gains from specialization that economists from Adam Smith and David Ricardo onward had lauded.

Accordingly, it is unsurprising that the years after the Second World War were a boom time for most of the developed world. From 1950–1973 most countries in the West enjoyed the greatest period of economic expansion in their history. During these years overall world GDP grew by 4.8 percent per annum on average. Even after adjusting for the growth of the population of almost 2 percent per annum, the average growth of GDP per capita was 2.8 percent. This average includes many countries that were not growing by much at all. And, in the way of all averages, this means that some countries enjoyed much higher growth rates. Over this period the average annual growth of GDP per capita in West Germany was a staggering 5.6 percent.

Although most economists would see such growth rates as spectacular, to the untutored eye they may not seem very impressive at all. But compound interest is a wonderful thing. When compounded over 23 years, a growth rate of 2.8 percent produces an overall increase in GDP per capita of almost 90 percent. And for an annual growth rate of 5.6 percent, the rate recorded in West Germany, the total increase is 250 percent. No wonder that for the industrialized world as a whole economists generally refer to this period as the “Golden Age,” and no wonder that Germans refer to this period as the Wirtschaftswunder, or economic miracle.

But good things come to an end as well. After this period, across almost all countries, growth fell back sharply. For about 15 years the world as a whole registered growth barely higher than what had been experienced from 1870 to 1913. The reasons for this sharp change continue to be disputed but it seems clear that the dramatic hikes in oil prices in 1973/74, and again in 1979/80, played a major part. Alongside this, the international monetary system fractured as the fixed exchange rate regime based on the dollar broke down, and inflation took off.

After a period of high inflation in the 1970s, central banks and governments then embarked on policies to bring inflation down again, involving sky-high interest rates. They eventually succeeded in putting a lid on inflation but at the cost of very high levels of unemployment. This is when the term “stagflation” became commonly used. A mood of pessimism set in about economic prospects.

Subsequently, economic growth picked up, at first centered on the developed economies but later driven by rapid growth in the emerging markets. Between 2001 and 2007 global growth averaged almost 4 percent, not quite as high as what had been experienced during the Golden Age but much better than what had been experienced since then. This gave the impression that the good times were back. In fact, these global aggregates were misleading. Excluding the extraordinarily high growth rates in the emerging markets, led by China, in most countries in the West growth rates were trending down.
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