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I. Introduction

"There is a deep-seated [and] still-developing shift in our economic landscape," Federal Reserve Chair Alan Greenspan told his Congressional audience. The cause of this shift was "an unexpected leap in technology"
 

Central bankers are by nature and training cautious. They hedge and qualify their views. They cloud their statements with ambiguity. When a central banker not only announces that there is a shift but attributes to it shifts in basic macroeconomic dynamics--then is the time to set up and pay attention.  

People claim all kinds of benefits from this shift, some of which are unlikely: we are not guaranteed permanently rising stock prices, or the end of business cycles, or permanent low unemployment, or permanently low inflation.
 The new economy is a technoeconomic not a macroeconomic phenomenon.
 We should not expect its most profound effects to be macroeconomic ones.

The driving force underlying the new economy is the ongoing explosion in our productivity at making the integrated circuits that underpin all of modern computer and communications technologies. Bck in 1965 Intel Corporation founder Gordon Moore projected that the density of transistors on a silicon chip would double every twelve months. He was somewhat overoptimistic (now people say every eighteen months) but largely correct. And to this day people wanting to refer to this technological explosion in microelectronics call it "Moore's Law".

Information processing power grows along with transistor density, while the cost to make a chip of given size stays roughly constant. Our computers today have 66,000 times the processing power at the same cost as the computers of 1975. Moore's Law still has at least another ten years--seven generations--to run. Our computers in 2010 will have ten million times the processing power of the computers of 1975.

How does the information-processing revolution compare to other, previous waves of innovation? Let's compare the past forty years of progress in information processing with the replacement of the steam engine by the electric motor. In 1869 America's steam engines delivered 1.2 million horsepower to America's manufacturing firms. By 1939 America's electric motors delivered 45 million horsepower to America's manufacturing firms. This was roughly a forty-fold increase in mechanical power in seventy years--a five percent per year increase in muscle power.

At the end of the 1950s, the moment at which electronic computers had largely replaced electromechanical calculators, there were roughly 2000 installed computers in the world--machines like Remington Rand UNIVACs, IBM 650s or 702s, or DEC PDP-1s with processing power that averaged perhaps 10,000 instructions per second. Today--forty years later--there are approximately 200 million active computers in the world with processing power that averages approximately 100,000,000 instructions per second. This is a million-fold increase in forty years--a thirty-five percent per year increase in information processing power.

The price of computers has fallen more than ten thousand-fold in a single generation; the price of semiconductors has fallen even faster. The measured productivity performance of America's whole economy--the rate of increase in labor productivity in all of nonfarm business--has not been especially impressive in the 1990s: only some 1.6% per year. The measured productivity performance of those industries that produce information technology goods--semiconductors, fiberoptics, and so forth--has been astonishing: an average annual rate of increase of value added per worker of nearly 25% per year.

The extraordinary build-out of the network is as remarkable as the explosion in computing power. Back in the early days of networking--in the 1960s and 1970s--it was thought that high-speed data communications would require special data-friendly phone lines. P[lain ]O[ld ]T[elephone ]S[ervice] would be capable of carrying data transmissions at the 103 standard 300 bits per second, or perhaps at most the V.22bis standard 2400 bits per second, but few if any people thought it would attain the 53000 bits per second claimed or the 40000 bits per second typically achieved by the latest generation of modems.

This wave of innovation in data communications has allowed the rapid building-out of the build-out of the world wide data network on top of the already-existing phone network. It has thus shaved a telephone-equipment generation off of the time it would have otherwise taken to wire the United States for the internet. Today the U.S. has one internet computer for every fifteen citizens. And more than 60 million computers are now on the internet.

Looking forward, at least half the phone lines in the U.S. are suitable for high-speed DSL service. Approximately three-quarters of the households not suitable for DSL service are potential customers for cable modems.

Skeptics say that all they see in this story of a "leading sector"
--an explosion of invention and innovation in a narrow sector of the economy that revolutionizes productivity in making a small range of commodities. There have been many such leading sectors in the past--air transport in the 1960s, television in the 1950s, automobiles in the 1920s, organic chemicals in the 1890s, railroads in the 1870s. Yet they did not change the standard dynamic of economic growth. They were the standard dynamic of economic growth.

So what, if anything, is different this time? Semiconductors, computers, and communications are a leading sector. There have been, are, and will be extraordinary technological innovations in semiconductors, computers, and communications; integrated circuits, microprocessors, lasers, fiber optics, software, the broadband Internet. But the full story is deeper and broader: leading sector plus. There are moments of radical change, when advancing technology and changing organizations transform not just one sector but the whole economy as well as the society on which it rests. There are only a few such moments. They are rare. But they do exist. And this present moment has a very good chance of being one. 

Our hope in this piece is to explain:

· Why we believe there is a fundamental transformation--bigger than a standard burst of growth in a leading sector--underway.

· What this fundamental transformation consists of.

· How to frame the discussion and analysis of this transformation so that we can at least approximately understand it.

· What are the choices and stakes that confront us--as individuals, as a nation, and as a civilization--as we collectively attempt to nurture, benefit from, and shape this ongoing transformation. 

Inventions that are not deeply integrated into economic life are gadgets. We marvel at these gadgets. They enrich us--or at least grab our attention--because of their utility or their novelty. Much human progress is due to gadgets: the spinning jenny that cut the human time and energy it took to spin thread by a factor of ten; the television that brought a small-window limited-choice movie theater into the home; or the automatic transmission. 

But there is another kind of invention: tools that open new possibilities for economic organization--what can be made and how it can be made--across a very wide range of industries. The electric motor is a tool. It made possible--among other things--the assembly line. No longer did factory floors have to be arranged in order to make sure that each machine was connected to the network of belts and shafts that transferred energy from the prime-mover central steam engine. Instead factory floors could be arranged to make the flow of work simple, easy, and automatic. We call that reconfigured system by the name of "mass production." The long-run consequences--industrial, organizational, social--were enormous. That economic transformation reached its full extent only when it was supported by changes in society, law, and politics: the migration of populations to the cities (and then to the suburbs), the development of the doctrines of limited liability needed to mobilize savings on the scale needed for the factories, the lowering of barriers to long-distance shipments (so that large factories could reach markets for what they could produce), and the raising of the structure of government regulation (so that we could try to combine the benefits of large organizations taking advantage of economies of scale with as many of the social benefits of market competition as possible).
Our current technological revolution is making tools for thought. The tools of the industrial revolution amplified muscle power so that you didn't have to rely on a horse or a human to pull or push. The tools forged today make it so that that you don't have to rely on human memory, or on human eyes scanning pages and pages of poorly-sorted information, to remember or organize. They will be used to calculate, sort, search, organize--amplify what we might as well call brain power. They have the potential to be used in every economic activity in which organization, information processing, or communication is important. And that is every single economic activity.

Thus the new economy is about changes in business organization, market structures, government regulations and human experience that the revolution in information processing and data communications technology will trigger. It is about new uses, lots of them, many with hard-to-see and many with easy-to-see benefits. Think of microsurgery (which saves days in hospitals, and spectacularly reduces pain and suffering);
 of new ways to search for pharmaceuticals; of hyper-efficient retailing (which saves American consumers enough money to bring into question government statistics on US economic and income growth);
 of cheap wireless phones; of remote monitoring of medical equipment like pacemakers; of farmers able to substantially increase yields while cutting back on polluting insecticides and fertilizers; and of students in small schools in Indiana--or India--who gain access to information well beyond that in their local libraries (if they have local libraries) that just the other day was available only to those with access to major research institutions. 

Information technology delivers a quantum leap in our ability to collect data, process the data into a form in which we can understand, remember and store what we have learned, and communicate with others. This technoeconomic transformation will also carry with it changes in society, law, and politics--and have its full potential beneficial effects only to the extent that it is nurtured and appropriately supported by the right changes in society, law, and politics.

As a national community, we in the United States have over the past half-century made mammoth investments in science and engineering research and education to assure the capacity to generate and absorb fundamental new ideas. This bet on formal science and science-based engineering has been extraordinarily successful, generating a flow of technological advance over the past few decades that has  both created and been accelerated by an increasingly innovative economy. Large companies in a broad range of sectors have aggressively and successfully pursued innovation to defend and expand their market positions.

However, often--and more often in recent years--radical technological developments and applications from semiconductors through the personal computer and the web browser have come not from established organizations but from new entrants, start ups, entrepreneurial companies. In the last quarter of the twentieth century the U.S. high-technology economy has been composed of an extraordinarily effective blend of public investment, large company innovation, and entrepreneurial disruption. That entrepreneurial disruption has been critical to the sudden development and diffusion of new technologies and applications: entrepreneurial companies that spot new opportunities, take the big risks to develop new applications of information technology, and recruit innovative people willing to share those risks in anticipation of potential rewards. It requires open competition in big user industries – such as finance, air travel, and pharmaceutical development--that experiment with new technologies to gain competitive advantage, and thereby launch the mass use and production of the technologies. And it is about established companies that re-create and re-organize themselves to respond to competitive pressures and opportunities that define the new economy.  

Perhaps most explored in the high-tech sectors and in Silicon Valley, the United States in the past decades has created the foundations for an enduring innovation economy that is better at supporting and creating a faster pace of breakthrough technological development. Our social and economic institutions appear to be uniquely effective in recruiting risk-loving innovators willing to bear the risks in return for the potential rewards. And they have been uniquely effective in inducing innovation in cutting edge user industries--from insurance through airlines through pharmaceuticals who have reworked their own market strategies and position with these new tools. Businesses watching the cutting-edge users have then taken advantage of leading users' experience to reconfigure their own ways of doing business. Open competition in industries that use information technology, and the feedback from users' experience to information-technology product design are essential to the mass diffusion of our modern information processing and communications technologies.

Without these actors--and without the systems of public and governance that enable them to move quickly--there is no new economy. 

A historical analogy may be helpful. Consider the coming of the large corporation to late-nineteenth century America. Now we can look back and say that the coming of the large corporation needed major institutional, social, and political changes to yield its promise. It needed legal and institutional changes--limited liability and investment banking--to assemble the capital to build factories on the scale needed to serve a continental market. It needed political changes--antitrust policy--to try to make sure that the enormous economies of scale within the grasp of the large corporation were not achieved at the price of replacing competition by monopoly. It needed institutional changes to make sure that the new corporations could serve a continental market.

For example, think of Swift and Armour: mass-slaughter the beef in Chicago, ship it dressed to Boston, and undercut local small-scale Boston-area slaughterhouses by a third at the butchershop. A very good business plan that produced large profits for entrepreneurs and investors and a much better diet at lower cost for consumers, unless the Massachusetts legislature required--for "health" and "safety"--that all meat sold in Massachusetts be inspected live and on the hoof by a Massachusetts meat inspector in Massachusetts immediately before slaughter. Without the right system of governance--in this case public governance, federal preemption of state health and safety regulation affecting interstate commerce--you wouldn't have had America's highly efficient Chicago meatpacking industry. That piece of the late-nineteenth century industrialization wouldn't have fallen into place.

The Gilded Age industrialization of America gave us some malefactors of great wealth. It also gave the average American the highest standard of living and the most productive industry in the world in the first half of the twentieth century. But in Europe (where there was no continental market but instead national tariffs) you didn't get the ability to capture economies of scale to such a great degree. In Britain (with next to no pre-World War I development of investment banking) you didn't get assembly of the pools of capital to build the large factories in the first place. In Germany (with no antitrust policy worthy of the name) there was no break on the cartelization of modern industry. Political theories that German industrial cartels poisoned Germany's politics in the first half of the twentieth century are now out of favor. But there is no doubt that cartel-driven output restriction made Germany a poorer place.
Because American institutions changed to support, nurture, and manage the coming of mass production and the large-scale business enterprise chronicled by Alfred Chandler--and because European institutions did not--it was America that was on the cutting edge of the future. In Russian revolutionary Leon Trotsky's words, America was "the furnace where the future was being forged" in the first half of the twentieth century.
Almost everyone understands that America's high-tech industries today have the potential to be more than just another leading sector driving a five-year boom in the economy. Thus today people come to Silicon Valley hoping to understand. They come in search of America’s high-tech industries today, much as people came to Manchester at the start of the industrial revolution or to Detroit in the age of mass production. They come to marvel at the accomplishments of technology and industry, and wonder at their implications for the future.

When they leave, do they understand what they have seen? By and large, no. 

They leave with a few anecdotes, a sense that something unusual is going on, but with little or no ability to interpret, analyze, or guide policies. They do not understand why the transformation should command their especial concern, or what it means, or how government policies and economic institutions should and will shift in response.

Hence the need for a framework: an overarching analytical perspective to make it clear just why this time may well be different—why this particular techno-economic revolution is broader in scope and possibly deeper in effect than almost all previous leading sectors—and why this time the potential losses from getting public policies wrong are very large.

With a framework into which to slot anecdotes and examples, those who come to Silicon Valley have a good chance of leaving understanding what the issues are. They can understand why the continued health of America’s high-tech sectors requires appropriate government policies, what those government policies are, and exactly how large are the stakes that all Americans have in the continued economic, industrial, and technological success of America’s high-tech sectors.  

Elaborating this framework is not easy (especially as we do not yet know what getting public policies "right" in this sector really means). We know the goals that enabling public policies must achieve, not how to achieve them.

Our purpose here is to set this transformation into perspective so that policy makers and opinion leaders will have better knowledge of the forces, the structures and the colossal stakes at play for America. Policy makers, for the most part, are far removed from the revolution in technology and the massive changes in the activities of business, education, agriculture, health care and daily life that it is propelling. We must close some of that distance.   




�Greenspan citation.
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�This is not to say that the new economy will not have macroeconomic consequences. Alan Greenspan does, after all, believe that the wave of technological innovation has improved the short-run tradeoff between inflation and unemployment that he and his fellow central bankers face. But nearly all analysts would agree that achieving macroeconomic stability still requires good policy and good luck even if the "new economy" means that the amount of good luck required is a little bit smaller. See Sichel and ????


�Indeed, one of us--DeLong--did so in a critique (that he now views as overly aggressive) of a Wired magazine article by Kevin Kelly. See [citation]…
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