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These nations are unattractive to others, 
they need strong government to make any progress, and 
are likely to have chronic wars and revolutions. 

U.S. PolitIcal Directions 

The future structure of government hangs on the outcome of a ten 
year experiment in redefining the role of government against that of the 

private sector. Current cutbacks in social programs are a part of that 

experiment, testing the private sector's ability to cope with social needs 
and social justice. If the experiment succeeds it will be prolonged. If not, 
the 1990s and the 2000s will bring social upheaval reasserting 
government's role. 

Intergenerational conflict developing between the huge middle-aged 
population (40+) and the newly old (the active 60s+) over benefits and 

pensions may drive a reassessment of government. The increasing 
conservatism of the judicial system, especially the Supreme Court, may 
also provoke dissension. The need to cut personal consumption that 
Amara anticipates, and the sense of limits to growth pressing on new 

expectations and aspirations, may also be divisive. 
Our institutions are not good prospects for adapting to rapid change 

and are generally distrusted because: 

new institutions are created without dismantling the old, 
the structure of many institutions conflicts with their aims and 
functions, 
institutions grow and become unwieldly and inefficient, 
their internal incentives favor short-term approaches, 
they have few measures of social accountability.6 6 

This distrust and dissatisfaction increases the need for new methods 
for dealing with emerging social problems; for example, the distribution 
of opportunities for growth over the whole society is being moved from 
the economic to the political arena-as the environmental movement has 
done. 

Information technologies are creating new relationships for 
politicians with citizens. 

Environment 

Amara sees that considerable progress has been made on many 
environmental issues. He does note, however, that the growth- 
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limiting factors of environmental clean-up costs have been moved into 
the political arena from the economic as a part of a larger debate on how 
limits to growth will be achieved. 

Environmental regulation is in a volatile phase leading over the long 
run to a more pragmatic regulatory environment but offering new 

opportunities for corporations to act as change agents. 

The Economy 

Amara is optimistic on the economy, expecting 2-3% growth over the 
next 20 years. He does not subscribe to the various theories of long term 
economic cycles (as described by Kuznets or Kondratieff, for example). 
He does believe societies hang on too long to obsolescent practices before 

price mechanisms redirect the flows of capital and research into new 
frontiers. 

Amara expects laborforce shortages as the rate of entering workers 

drops and growth of women's participation slows. Crucial problems of a 

prosperous economy are the distribution of wealth and work to avoid a 
two-class, polarized society. As an aging society, however, we may be less 

risk-taking, more interested in health and the quality of older people's 
lives. 

Problems of resource availability can be managed within a concept of 
limitations. High oil prices would be a blessing, acting as a spur to 

emerging energy technologies. Given reasonable energy prices the long 
term prospects for materials can be considered inexhaustible, e.g., for 
iron, aluminum, magnesium, titanium, wood, glass, cement and plastic. 
Water supplies can be managed. 

Financial resources should be more heavily invested in U.S. strengths 
in agriculture and chemicals; computer/communications systems; 
aircraft: control systems; optical, dental, and medical equipment; as well 
as in infrastructure and modernization. Science and technology comprise 
our most cost effective investment. The role of government in 
international competition and domestic regulation may be important, 
especially as government has stepped back from regulation and direction 
of private enterprise. 

Education 

Educational institutions are not among the major players in the 
future, their evolution lagging other sectors of society. More corporate- 
sponsored education is likely to meet technical and skill needs. The use 
of new information technologies in the educational system is likely to be 
slight, and slow to increase. 
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Health 

With sufficient economic growth, the U.S. can afford a high level of 

expenditure for health care. There is the risk that people will have only 
the health care they can afford. Universal health insurance is more likely 
to evolve at state than at national levels. 

Technology 

Technology is almost never the driver of social change but it is almost 
always a major actor. Although society generally has a dismal record in 

forecasting the diffusion and effect of new technology, one generalization 
does seem to apply: we consistently overestimate the rate of diffusion and 
the impacts of technology in the short run but underestimate diffusion 
and impact in the long run. 

Aatomation 

The piecemeal approach to automation is being discarded. As costs 
are driven down, and the speed, size and reliability o{ equipment are 
more attractive, new needs and expectations begin to make themselves 
felt. 

Restructuring of office hierarchies and management functions will 
occur slowly as employees acquire sophisticated replacement technology 
to orchestrate their enormous needs for face to face, intergroup and 

interpersonal communication. 

Creating a nurturing, exploratory environment for workers by 
exploiting the potential of the technology is possible, and most likely to 
be used to stimulate scientists in R&D areas. The call will be for 
database systems, conferencing, model-building systems, and verbal, 
conceptual or graphic tools. 

For management, the managing of human resources may be the 
critical factor in the new, more participatory environment. The new 
technologies will redefine where work is done, when, and in what style; 
and may be used to fill needs for more external contracts, with groups 
and customers. The quality of choice and judgment will be crucial as 
abilities to collect and process data increase. 

Energy 

. Energy costs will increase. We will remain dependent on foreign oil, 
well into the next century. 
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Energy crises will return, demanding another look at alternative 

technologies. 
The effect of new energy technologies will not be felt until well into 
the 1990s. 

How electric power is generated, and what the size and rate of 
demand for electricity will be, will remain controversial to the end of the 
century, with effects on the structure of the electrical industry. Nuclear 
fission is a wounded technology. Its output will likely decrease in the 
early 1990s. Technology from countries with a lead in nuclear energy, 
France, for example, may provide a comeback in the next century. (Note 
that the airship offers a parallel case of being dangerous, abandoned and 
then brought back with new and safer technology.) A potentially 
revolutionary technology is fusion. A fusion reactor could be operating in 
2000-if the R&D were begun now. It is a likely possibility for the early 
part of the 21st century. Other important energy technologies are: 

Coal-improved combustion methods. 
Fuel cells-for cogeneration units in decentralization strategies and 
in small commercial uses-the sleeper of the 1990s. 
Photovoltaics-an important but circumscribed role in the next 10-15 
years in electricity generation, especially in remote areas. 7 

Other Technologies of Importance 

The interactions and synergy between emerging technologies such as 

biotechnology and information will spur new and better products and 
applications. 

Biotechnology-a wide variety of applications in chemical processes 
and products, agriculture and health care. 
Materials, ceramics, alloys, composites. 

In his 1986 report, Twelve Emerging Technologies for the 1990s, 
Amara discusses the significant opportunities existing at the intersections 
of new technologies. These interactions create new and more powerful 
and complex uses and products. For example: 

Energy + information leads to the "smart car, house," etc., 
Energy + materials leads to weight reduction and higher temperature 
operation of composites, 
Energy + biotechnology leads to coal desulphurization by bacteria, 
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Information + materials leads to the use of computer assisted design 
(CAD) for stress analysis, 
Information + biotechnology leads to biosensors, 
Materials + biotechnology leads to protein engineering. 

Typical examples of future synergistic technologies would be a 
ceramic gas turbine auto engine operating at greater efficiency at higher 
temperatures, and the use of genetically engineered microbes to extract 
metals from ores. 

Cities 

Cities are on the rise with a new role and function, of processing 
people. Allied with this is a growth in regionalism emphasizing social, 
ethnic, and lifestyle differences, and based on population, economics, 
and opportunities. These regional differences may favor some cities, such 
as Boston, over others. 

Other Topics 

On several subjects Amara has less to say-housing and religion, for 

example,-and he describes some topics as less critical, such as food 

production (but not distribution) and changing lifestyles and values, 
which he sees as critically important but derivative of other trends. 

UNDERLYING CAUSES 

Amara is neutral to causes, and indisposed to attributing blame. He 
sees changing attitudes as lagging social changes and events and he sees 
societal values deriving from conditions rather than determining them. 
There is little evidence for a resurgence of traditional family structures 

although there is reason to believe that our values will favor less risk, 
more conservatism in the sense of preserving wealth, and be less 
innovative. The role of a futurist may be to promote better choices, 
among those who need to make choices. As he notes above, Amara 
believes modern decisionmakers may have too much, rather than too 
little, information to reach consensus. 

Creative tension exists in the U.S. system between public and private 
sectors pushing the balance of power back and forth to achieve a 
balance. For example, deregulation of telecommunications may have 
swung the balance over too far, opening the possibility of re-regulation. 

Although he would not predict any discontinuities, Amara suggests 
where to look-to biotechnology and its effects on agriculture which 
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could be highly beneficial to the U.S. economy, and to potentially 
revolutionary benefits of emerging materials sciences. Environmental 
effects of ozone and increasing concentrations of fluorocarbons in the 
atmosphere may produce a negative discontinuity, as may the 
proliferation of nuclear weapons to developing countries. 

EXHIBIT 5-1 

FORCES INFLUENCING THE FUTURIST THINKING OF 

ROY AMARA 
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CHAPTER 6 

ROBERT U. AYRES 

Robert Ayres bring a worldview to hh fntures thlnldng. He 
has a stmng lnterest in, if not a bias towards, ecienttCc and 

technological developmente as the primary ddvers of economic 

growth, but he also présents a 80pbistlcated understanding of 
complex relationship between technology and social change. 

KEY VIEWS ABOUT THE FUTURE 

1. In technology, there are long term trends towards greater efficiency 
and higher performance, towards the limits of performance, and 
toward greater complexity. Coping with complexity is the major 
driving force behind the spread of computers. 

2. People: their values, customs, habits and institutions, provide both 
driving forces and constraints on change. One key constraint is the 
inborn human propensity to make errors. 

3. Complex systems tend to become rigid, requiring extreme pressure 
to change them. Most institutions and nations can be seen as 
systems and their future deduced in many respects from their 
behavior. However, the future is not by any means fully determined 
by the past. 

4. The management of complexity is a key problem for all 
bureaucracies and institutions, as well as for industries. 

5. Dynamic systems such as the domestic and international economies 
respond to pressure by short- and long-term cycles of growth and 
shrinkage, due mainly to shifts in macro-technologies such as 
electrification or computerization. 

6. The U.S. is in the middle stage of decline in its role as a center of 

power. Still powerful, it is more fragile than politicians and the 
public seem to think. 

7. World economic growth will slow down over the next century 
because of needed diversions of resources for maintenance and 

repair of the environment, the infrastructure and the energy system. 
The coming end of the age of oil will require staggering investments 
in its substitute, whatever it may be. Energy in the next century will 
be far more expensive than it has been in our lifetimes. 
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BIOGRAPHICAL NOTE 

Robert Ayres is a prof essor of engineering and public policy at 
Carnegie-Mellon University. He is currently on assignment as deputy 
leader of the Technology-Economy-Society Program of the International 
Institute for Applied Systems Analysis, in Laxenburg, Austria. 

He is the author of two recent books on trends in technology and 
their socio-economic impacts: The Next Industrial Revolution, 1984, and 
Robotics: Applications and Social Implications, 1982, with Steven M. 
Miller. He is as well the author of many articles and several books on 
various aspects of technological forecasting and social change. He has 
been a consultant on private and public sector technology and social 
impacts issues. He is a member of the American Economic Association, a 
fellow of the AAAS and a member of the World Futures Studies 
Federation, the World Future Society, and the International Institute of 
Forecasters. His book, Uncertain Futures: Challenges for Decision- 
Makers, 1979, expounds many of his views on the future, and is the key 
source, along with an extensive interview, for this chapter. 

In the middle 1960s, Professor Ayres was doing technological 
forecasting at the Hudson Institute. He and Herman Kahn influenced 
each other's thinking about the future. Work at the Hudson Institute 
resulted in Ayres' first book, Technological Forecasting and Long Range 
Planning, 1969. As a visiting scholar at Resources for the Future in 

Washington, DC, his thinking was influenced by Allen V. Kneese, Ron 
Ridker and other associâtes. Other early influences were Arthur C. 
Clarke, Harrison Brown, sociologists William Ogburn and S.C. Gilfillan, 
and then later, T.B. Taylor, Lester Brown, Dennis Gabor, and Norman 
McCrae. Ayres draws on Brown's work at Worldwatch for his scenario of 
world food crisis. 

WORLDVIEW 

Prof essor Ayres describes two extrême approaches to forecasting the 
future as "alpha" and "omega."1 Alpha futurists believe either that the 
future is positive and improving steadily, all growth is exponential and 
trends continue, or alternatively, that the future is headed towards 
disaster, all decline is exponential and downward trends continue. The 

Omegas leap ahead to assume an ideal future already accomplished by a 
transformation, the impacts and form of which are not usually described 
in any detail. 

Ayres is alpha about some trends and prospects but almost never 

omega, although he carefully makes the point that unpredictable events 

may upset predicted trends, causing crisis and radical change. 
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The common use of exponential growth functions as a way of 

describing future change is limited, he believes, although it has been 
useful in forecasting the rapid growth of a specifie technology such as the 
number of long distance telephone messages. 

People are slow to change. Their values, beliefs, and customs- 

evolving out of prior experiences and circumstances-frequently delay 
and obstruct the development of new policies and social innovations. 
People get in the way cf implementation of new technology which could 
improve their lives; the values they hold may work against the 
improvement of their societies; and their groups and institutions become 
rigid over time, requiring massive pressures to reform them. Personal 
decisions, however, can be important to the future. In some 
circumstances an individual with special qualities can 'tip' a country or 
even a region from one possible path to another, such as the Ayatollah 
Khomeini and Deng Xiaoping. 

In Ayres' view, innovation occurs when science and technology make 
it possible to respond in a new way to a social need. Policy and 
economics control the rate and direction of the subsequent 
developments. 

Political systems compete to reach a conflicting set of socially 
desirable goals that he characterizes as equity, economic efficiency, 
personal freedom and stability. Several of these goals, while desirable in 
themselves, tend to be incompatible with each other. For this reason, 
almost any political system tends to develop great internal strains. 

Economic efficiency is not readily achievable unless a large number 
of people in the nation's population hold and act on values which Ayres 
believes create wealth. The six wealth-creating values are: 

Motivation-life is felt to be meaningful, have purpose. 
Positive Attitude to Work-an urge to achieve, pride in skills. 

Integrity-dependable, can be trusted. 
Reality Orientation-able to attack problems, seek solutions, control 
emotions. 
Concern with Future-willing to sacrifice, responsible for self and 
children. 

Optimism-hopeful for the future, confident improvements can be 
made. 

He believes these values are in decline in the Western world and are not 

strongly held in other regions, Africa, for example, or Moslem countries. 
In Uncertain Futures, Ayres acknowledges Herman Kahn's idea of 

"trained incapacity" reflected in the assumptions of some scientists and 

technological forecasters that growth in a technology, or an industry, 
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SPECIFIC ISSUES 

Technology 

In technology, there are long term trends towards higher efficiency in 
the use of resources, towards the limits of performance, and toward 
greater complexity. There are examples in transportation, in the control 
of the environment, in biology, in the design and manipulation of 

microscopic objects, in composite materials, in chemicals, and so on. 
Complexity is the price of approaching performance limits in all 
technologies, guns, clocks, cars, or computers. Large multinational 
firms tend to become 'managers of complexity.' The Caterpillar 
Corporation has 25,000 worldwide subcontractors, for example. 

Biotechnology will bring greater complexity to the chemical industry, 
making possible methods and processes that will be more effective and 
conserving of energy and materials. 

Automation and Robots 

An important driver of automation is our society's obsession with 

quality, driven in part by product liability concerns and antipathy 
towards risk. Complex systems are intolerant of defects-as exemplified 
by recent problems with the space shuttle. Although training, motivation, 
and human factors research attempt to minimize human error, humans 
will continue to make mistakes. Therefore eventually removing people 
from the direct handling of processes and products is the only route 
toward a zero-defect world. We now have smart sensors making 100,000 
or 1,000,000 fewer errors (per opportunity) than people do. It is therefore 

likely that computers will eventually replace people in all routine tasks, 
especially in manufacturing. 

One transition effect of factory automation will be to remove from the 
market certain work skills, such as drafting, welding, painting, 
machining and assembly. Thèse will no longer be marketable. The range 
of blue-collar jobs in factory production will be far smaller, ultimately 
limited to model-making, tool-making and maintenance, but craft skills 
may persist in small shops and specialized production. 

Telecommnnications and Computers 

The U.S. and Japan 

If video communications begin to be substituted for voice-alone, the 
growth of voice transmissions should begin to saturate and then decline 
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in the 1980s and 1990s. A big demand for links between computers is 
likely, with more and more larger computers being used to supervise and 
coordinate the linkages. Networks of linked computers will create true 
automation of the factory, the automobile, and the home. 

The Rest of the World 

Europe is behind in the most advanced developments because of an 

inadequate telephone system, but is likely to play catch-up as France has 
done. The USSR may follow worldwide trends in industry, but lag in 
consumer applications. In less developed countries the new technologies 
will initially take root only in some larger cities. 

International Economics 

Certain countries are destined to be major actors, by reason of having 
advantages such as large populations/land area, access to resources, 
advanced technology and internal discipline and cohesion. On the other 
hand the nationalism of small countries tends to break the cooperative 
bonds which might be formed by larger nations to manage major world 
issues, such as food, monetary stability, etc. Ayres believes nationalism is 
a deep-rooted force acting against peace and world cohesion; however he 
does see trends towards the sacrifice of sovereignty for a greater good in 
the European Economie Community. Such institutions as are being 
formed by the EEC are of the kind that will be needed for international 
negotiations on global issues, the allocation of resources, for example. 

Ayres believes that regrettably by the mid-1990s, the U.S. will be 

internationally competitive only in military technology. Japan will assault 
and erode all other U.S. competitive advantages in high technology. 
Japanese economic, political and military pre-eminence will lead to a 
more unstable world. The Japanese hold on democracy is tenuous. 
Because they admired U.S. power, they admired and adopted its 
institutions. When this power declines, admiration and imitation will 
turn to scorn. 

The following table summarizes Ayres' views of the economic future 
for several nations and regions as of 1978, with additional and more 
recent comments. These projections are, at best, mixed, except for a 

positive outlook for France based on its promotion of high technology. 
Ayres is less positive about France's future today. 

The Economic Future of Several Nations and National Groups 

West Germany slower economic growth, difficulties with institu- 
tionalizing innovation. 
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France could have been the wealthiest nation in Europe by 
2000; a high technology leader, slowed by political 
difficulties. 

Italy reduced economic growth, environmental degrada- 
tion, and over-dependence on foreign oil, but with 

political stability could improve its position. 

Benelux smallness becomes an advantage, trade prospers, 
ethnic troubles continue. 

U.K. continued economic crisis, especially after the North 
Sea oil starts to run out and industrial, political 
incompetency continues. [This is probably Ayres' 
best example of rigid system which small pressures, 
i.e., those of government, cannot affect.] 

Europe perhaps a U.S. pullout would help. Europe is in 

good shape socially and politically, but it has 

problems of slow economic growth and limited 
incentives for entrepreneurship. 

U.S. a new period of significant economic growth is 

possible but less likely, providing capital investment 
is available. Strength in areas needed to improve 
productivity, automation, chemical processes and 

computers, is available. 

Canada linked to the future of the U.S. Could grow rapidly 
if separatism does not cause crisis. 

Japan Japanese business interests spread across the world, 

encountering the unfamiliar and the undisciplined 
workforce. Resistance to its export policies will 
restrain its economy somewhat. Japan faces a crisis: 
it must stimulate domestic growth by giving 
consumers a better deal, but will not find that easy, 
given the nature of the Japanese political system. 

Soviet Union satellites will stay ahead of the USSR economically. 
Economic crisis may force decentralization of the 
Soviet bloc; down-the-road troubles are likely for 
Gorbachev. 
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Afrlca a total disaster area that will require vast amounts 
of resources. 

Brazil it seems to have gotten a new but somewhat shaky 
grasp on democratic processes, and its prospects are 
very good. An ecological disaster could result from 
deforestation. 

Argentina, in fairly good shape for the moment, but Argentina 
Venezuela could slip back into military dictatorship if 

economic troubles deepen. 

India a potential industrial powerhouse in the urban 
portion but the deadweight of the bureaucracy and 
primitive customs are preventing development. 

Nigeda unstable, uneven development. 

China economic success likely-the current leader is a 
political genius, but the country has a problem of 
succession. 

World economic growth will slow down over the next century because 
of great needs for maintenance and repair of the environment, the 
infrastructure, the energy system and other major functions. 

World Régions and Nations 

Ayres takes a systems approach in considering the stability and 

potential for unrest in nations. The USSR, for example, appears stable, 
but is maintained so with the help of intense internal surveillance. As a 

rigid system, it is probably unaffected by small pressures, such as those 
of the dissidents. Ayres argues, however, that suppression of intellectuals 

may also suppress new scientific discovery and new technology, leading 
to economic stagnation. Such stagnation, if combined with ethnic unrest, 
could conceivably provide a large enough hammer to break the Soviet 

system. The shock waves will be very hard to control, however. 
Tourism is likely to develop in new directions, to North and 

Northwest-Africa, the west coast of South America, the Polynesian 
islands and perhaps the coast of Brazil. 

Japan has already lost a large share of its exports of iron and steel 

products and moved to high technology manufacturing in telecommuni- 
cations, satellites, electronics, computers and high quality consumer 
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goods. Neither Japan, nor West Germany, which is following a similar 

path, will make much impact on business or entertainment services 
because of an inherent language difficulty. 

The U.S. Economy 

Ayres tentatively subscribed to the theory of long term (Kondratieff- 
Schumpeter) economic boom and bust cycles superimposed on shorter 

cycles, known as inventory adjustment cycles. 
He believed (in 1978) the 50-year (Kondratieff) cycle will repeat itself 

at least one more time in the U.S., from 1975-2025. In such a scenario, 
there would be gradually increasing prosperity from 1977 to 1982-with 
short term boom and bust cycles superimposed on the longer term 
trend-a major crash in 1983-1984, with potential for a worldwide 
economic crisis, a glut of oil in the early 1980s as a result of OPEC's 
collapse, and depression in the energy industry. So far this scenario has 
assumed a Democratic administration, but this switches in 1984 to a 
Republican, with a platform of aid to struggling cities and public works 
programs. Economic recovery begins after 1986 but it is feeble and set 
back by short term recessions in 1987 and 1991. Interest rates and 
commodity prices will bottom out about 2005 and stay low until a new 

long term upswing of consumer spending and industrial expansion 
begins to compete with government borrowing and push up energy 
prices.2 

The "Post Industrial" society (as described by Daniel Bell), Ayres 
characterizes as one in which appetites for non-material services rise 
faster than demand for material goods. Quality becomes more important 
than quantity. Using these criteria, the U.S., Canada, all of Western 
Europe, Japan and probably the USSR will be post industrial by 2000. 
No other country, except perhaps Brazil, has the potential to join this 
club even by 2025. 

Resources issues are all manageable. Even if the U.S. experiences 
acute shortages, in the long pull it would find substitutes, and in the 
short run, could manage the crisis. So, for example, if cobalt from Zaire 
or platinum from South Africa were eut off, the U.S. would manage 
easily. 

There are several possible discontinuities which would affect the 
economy positively-a more intensive use of computers aimed at 
productivity, for example. Space could be an important turnaround in 
terms of resources. War, instability in the Middle East, a revival of 
protectionism, famine, and financial collapse, are disruptive possibilities, 
although not considered highly probable. 
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U.S. Political Directions 

The U.S. is in the middle stages of decline as a center of power. The 
decline is accelerated by political premises which are based on several 

popular illusions. Among these are: the illusion that the U.S. has 
unlimited technological resources; the illusion that it can afford Star 
Wars; the illusion that it can be the only free market in the world; the 
illusion that military confrontation with the USSR, rather than economic 
confrontation with Japan is the critical issue. 

Ayres believed in 1978 that the U.S. might be dismantling its 

capitalist system for a form of "soft" socialism. Business cycles of boom 
and recession, while entirely natural and to be accepted in a capitalist 
society, tend to provoke cries to relieve the suffering of the unemployed. 
Over the long term the protective legislation enacted-unemployment 
insurance, pensions, injury compensation and so on-begins to rigidify 
the system, taking people away from work involved with production and 

moving them into work involved with the redistribution of wealth. In 
1986 he had modified this view and now believes that the trend toward 
socialism is stalled and may even be in reverse, at least for now. 

New political directions are needed, with the Democrats shaking free 
of their commitment to central government and organized labor, and 

Republicans pulling away from the ultra-conservative right. 

Future Information Societies 

English speaking countries have, and will continue to have, an 
advantage in the development of service industries because English is 

likely to remain the dominant language of most of the information 
industries, including finance, insurance, business services and, 
incidentally, of computers, nuclear energy, aviation and space travel. 
This does not apply in manufacturing or the engineering of hardware. 

Defense and Diearmament 

Ayres explores the possibility of some sort of second Russian 
revolution, brought on by the increasing rigidity of the system, its 
inability to adapt to increasing pressures for change and therefore the 
likelihood of radical change. He couples a crisis, or a coup in the USSR, 
with a scenario of nuclear proliferation, the explosion of bombs in 
Africa, Latin America and Asia, and the growth of tighter controls on 
individual freedom to attempt to maintain world stability. 

Two other scenarios, a world energy crisis and a world food crisis, 
present consequences for world stability and the likelihood of military 
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action. The use of nuclear weapons by any of the larger nations he 
believes unlikely, but a nuclear war would be the end of civilization, 
especially if all or a large share of the available weapons (about 50,000) 
are fired. Non-nuclear spats and squabbles around the world are 

probable with the principal consequence for larger nations being an 
effort to contain them. The increasing dependence of the U.S. on exports 
of military hardware is an extremely dangerous trend. 

Energy 

The key issue is not whether there will be new energy technologies, 
but rather the problem of choosing correctly and not acting too soon. 
Over the next 30-40 years we will see the end of the age of oil and entry 
into an age of alternative fuels, perhaps gas or coal. The end of oil will 
stimulate new investments in gas and coal that are less efficient and, to 
some extent, sterile in terms of increased overall production. Nuc1ear 

power will replace only a small portion of the oil. Solar energy and 

photovoltaics should become prominent after 2050. 
It is extremely unlikely the world could agree to eut back on carbon 

dioxide-producing fuels. In consequence there will be a lot of 

non-productive economic activity relocating people and business to avoid 

greenhouse impacts. 
The world energy system is unstable, driven by demands resulting 

from increasing prosperity and drawing from a limited supply. In one 
scenario, Ayres suggests that the world will come to a fight over the 

remaining supplies. The long term consequences of an energy crisis 
would shift society in the developed world towards more use of electronic 
communication, less travel, more labor intensive agriculture, and less use 
of private transportation. 

Environment 

Temperature rise as a result of the greenhouse effect will be a 

significant environmental problem in the next century. Resource 
substitution and the effort to reclaim the environment will involve us in 

higher performance, technological innovation and enormous investment, 

including shifting the population away from threatened low-lying areas 
or protecting them by means of dikes and sea-walls. 

Health 

Growth in the current health care system seems implausible if only 
because it would eat up an improbable amount of the U.S. Gross 
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Domestic Product. To this point, the U.S. health care system appears to 
benefit mainly doctors and hospitals, although reforms by the current 
administration are improving the picture. The aging population will 

increasingly concern the health care system. Hère we might learn from 
the Japanese who are intelligent leaders in caring for the elderly. 

Around the world including the U.S., infant mortality continues to be 
a health care problem. 

Education 

Some of the problems in éducation today may be the result of 
educational experiments of the 1960s and 1970s. Thèse experiments 
shook up a rigid educational system, creating change and what some see 
as décline. When the dust settles, we will return to a more intellectually 
compétent approach to éducation in the U.S. The trends are towards 

longer schooling, at least in technologically developed nations which will 

require more éducation for skilled jobs and to participate in the customs 
and mores of society-an appréciation of the arts, for example. 

Food and Agricaltare 

In 1978 Ayres thought that during the next 25 years the U.S. could 
continue to dominate the world in agricultural production, providing 
about 75% of exportable agricultural commodities. However in the last 
décade Argentina and Brazil have become low cost producers. Ayres is 
now less concerned than he used to be about the probabilities of major 
famine. 

Citiea 

Cities in the U.S. will expérience a renaissance except for a few-the 

Bronx, Detroit, Cleveland. Nothing will make the city disappear, 
although offices may become smaller, with more work done at home, or 
at alternative sites. Small and diversified families as well as singles will 
influence housing to more condominiums, high rises, and townhouses. As 
blacks migrate to the older suburbs, spreading out and diluting poverty, 
the well-to-do will return to cities. This will have a favorable effect on 

city schools. 
The Sunbelt growth is not over. The Snowbelt's growth is slowing 

down but will continue, with the biggest growth area in the Rockies. 
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ReUgion 

Religion-it's hard to kill. In 1978 Ayres saw a growth of 
fundamentalism coming out of a sense of hopelessness from inability to 
deal with forces beyond one's control. Those forces are not going to be 
more readily controlled, and therefore, fundamentalism is likely to 
continue to prosper. Fundamentalism will peak as a rural movement, but 
there could be an urban mutation. 

Other Toplcs 

On several topics, Ayres has little comment, except to note that they 
are important issues-civil and criminal justice, for example, a mess 
which may provoke reform in the next ten years. 

UNDERLYI1TG CAUSES 

The understanding of underlying societal structures that govern 
behavior should be a first step towards reforming organizations and 
institutions. Organizations, such as corporations and unions, function 

according to the rules laid down by the underlying structure of law, 
which often promotes shortsighted behavior. Rather than seeking to do 
the near-impossible, and change behavior within the current rules by 
exhortation, organizations should press for structural changes, Ayres 
believes. 

Ayres deplores values and customs he sees as obstacles to 

improvement of the human condition. The example of millions of sacred 
cows in India is frequently mentioned. Waste and wasteful practices of 
all kinds are to be abhorred, especially when these lead to the design of 
inefficient technologies such as those which resulted from cheap energy 
in the U.S. 
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EXHIBIT 6-2 

FORCES INFLUENCING THE FUTURIST THINKÏNG OF 

ROBERT U. AYRES 
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CHAPTER 7 

DANIEL BELL 

Dmdel Bell is one of the foremout American eociologtsts and 
social theorists. His work for the last twenty years, frame 
around the concept of the emerging poet-indastrial eociety, has 
become the conceptual and intellectaal centerpiece of thinkmg 
in the U.S. and among the other advanced mdustrlalized 
nations in the interprétation of the broad sweep of economic, 
technological, eocial, caltaral and polltical change in which we 
are enmeshed. While Bell is univer»Hy seen as a premier 
futurist, he prefers to sue himself as a student of long term and 
fundamental social and institutional change. 

KEY VIEWS ABOUT THE FUTURE 

1. The post-industrial society will be increasingly dependent on 
information, especially on scientifically-grounded theoretical 

knowledge. Information and service jobs will predominate. 
2. The success of capitalism grounded in a Protestant ethic contains 

the seed of its own decline. Prosperity and education move 
successive generations to self-centered gratification, and away from 
deferred gratification and a sense of civitas, i.e., a collective or 

community-oriented set of values. 
3. The nation-state is too small for the big problems of life, and too 

big for the small problems. 
4. Accompanying the central role of theoretical knowledge are new 

technologies which reflect: broad application of electronics, 
miniaturization, digitalization, and an expanding competence to 

design to specifications. 
5. Intellectual technologies will be increasingly crucial to the 

management of complexity. 
6. Human capital is appreciating. 
7. The three realms of society, the technoeconomic, the polity, and the 

culture, are only loosely coupled, so that changes in one do not 

necessarily have direct anticipatible effects on the other. Each 
realm is also a boundary constraint and an influence on change in 
the other realms. 
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BIOGRAPHICAL NOTE 

Daniel Bell, Henry Ford Professor of Social Sciences at Harvard 
University, graduated from the Collège of the City of New York in 1938 
and earned his doctorate at Columbia. He was a staff writer and later 

managing editor of the New Leader (1939-44). He then became managing 
editor of Common Sense (1945) and took his first academic assignment 
as assistant professor of social sciences at the University of Chicago 
(1945-48). He was labor editor for Fortune magazine for a decade. He 
started lecturing in sociology at Columbia in 1942, and was made 

professor in 1958. In 1969 he migrated to Harvard. Bell has served on 
numerous commissions. He was the U.S. representative to the 

Organization for Economic Cooperation and Development (OECD) 
Interfutures Project (1976-79) and a member of the President's 
Commission on Technology, Automation, and Economic Progress. 

Bell was chairman of the American Academy of Arts and Sciences 
Commission on the Year 2000, which in 1968 resulted in Toward the 
Year 2000: Work in Progress and stimulated a distinguished cadre of 
thinkers, including Herman Kahn, to turn their attention to what was 
then the last third of a century. 

He is a prolific author. The present chapter draws from The Coming 
of the Post Industrial Society: A Venture in Social Forecasting (1973), 
and its complement, The Cultural Contradictions of Capitalism (1976). 

We have also drawn on a 1977 paper, "The Future World Disorder: 
A Structural Context for Crises," prepared for the OECD and reprinted 
in The Winding Passage. 

Bell pointed out the significance of his chapter, "The Social 
Framework of the Information Society," which appears in The Computer 
Age: A Twenty Year View, edited by Michael Dertouzos and Joel Moses. 
We have also found Bell's introductory essay, "The Year 2000-The 

Trajectory of an Idea" in Toward the Year 2000, valuable in highlighting 
the origins of his interest in the future. Bell has generously supplied us 
with unpublished notes and charts, and we had the advantage of hearing 
his engaging and informal lecture at the Congressional Office of 

Technology Assessment, September 15, 1986. 
As a student of both Marxist and non-Marxist socialism of the 19th 

century, he has characterized himself as a post-Marxist thinker, 
presumably by way of satisfying the demands of those who would push us 
each into labeled boxes. He is indebted to scores of other 19th century 
thinkers and draws on a panorama of contemporary analysts and social 
thinkers, extracting, interpreting, re-interpreting, and integrating 
concepts and ideas into his own comprehensive framework. Karl 
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collapse.16 Boulding is critical of energy utilities, believing them to be 

incapable of the flexibility and change that will be needed. 

The Environment 

Parts of the globe are total worldwide systems, such as the 

atmosphere. The ocean consists of two or three partially connected 

systems, the land masses each consists of a separate set of systems, and 
the biosphere is a mesh or network of smaller systems. Taking this as 

background, man is the first species to have a universal ecological niche. 
Man can, and has, fit into every other ecosystem. 

This means the future of the human species is dependent upon 
decisions made in many systems and from many points of view. Boulding 
believes a high level of variety is ideal. Some trends, such as that toward 
worldwide homogeneity, are not necessarily positive, stabilizing, or safe 
for the human future. 

As development proceeds and as human knowledge increases and 

spreads, class and power systems tend to become more complex, more 
diffuse, and more fluid. Communism concentrates power much more 
than capitalism does wealth, but even this is fluid and tends to diffuse. 
This does not preclude the likelihood that a substantial proportion of the 
human race will be underprivileged and in severe poverty for a 
considerable time to come, especially if population growth is unchecked. 

It seems probable, however, that world population is overshooting its 
niche. What the consequences might be, Boulding does not speculate on 
to any extent, except in anticipating a deteriorating environment and the 

potential for disastrous events-nuclear war, for example-or the death 
of large numbers of people from a disease such as AIDS. 

Education and Learning 

What Boulding calls "noogenetics"-learned structures in bio- 
genetically produced nervous systems that are transmitted from one 

generation to the next by a learning process-exist in pre-human 
evolution, but are overwhelmingly important in human history. The 
biogenetic (DNA) pool of the human race has changed very little in the 
last 50,000 years. Human knowledge, know-how, and the artifacts that 

proceed from such, have expanded enormously. This idea led Boulding 
to think about why, in the 1500s, when science and scientific thinking 
grew and flourished in Europe, it did not in China. The Chinese had 
been the source of scientific and technological inventions for thousands 
of years, but these ideas in their individual niches never grew together 
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and developed into the expanding system of the scientific and technical 
revolution that swept Europe and much of the temperate zones from the 
17th into the 20th centuries. Before that time, the niche for science was 
almost nonexistent in all cultures. One reason why scientific thinking 
found niches in Europe may have been that the cultures were becoming 
too diverse for tight control by any one cultural institution. 

Boulding believes the solution to all human problems lies in passing 
on the store of human knowledge, studying what we do not know, and 
creating new applications of the knowledge structure. Therefore, the 

development and use of new educational technology and educational art 
is worthwhile to improve the learning process. The educational potential 
of art, and its methods, is a neglected approach to this task.17 He has 
two general propositions: 

what is not there cannot be discovered, and, 
if something is there, it is likely to be discovered eventually. 

This cuts across his concern about why knowledge is discovered, or 

developed, in one place or one cultural system, but not in another. In 
order for a discovery to occur, or a subsequent body of knowledge to be 
nurtured, presumably a niche must be open in the societal or cultural 
ecosystem. 

U.S. Political Directions 

Individual, group, or society's decisions are based on an evaluation of 
alternative futures. Boulding believes that attention given to one issue 
that needs a decision withdraws attention from others. Therefore there is 
a scarcity of decisionmaking resources, creating a moral economy that 
the culture must manage and share. 

In politics, however, decisions for the common good are usually made 
on the basis of images from the past few decades projected into the 
future. Prohibition is an example of the consequences of a political 
decision made on images of the past. 18 One of the greatest expressions 
of the moral economy, in contrast, is the nation's move against 
discrimination. 

Some future political decisions are likely to continue to be based on 

avoiding images of past evils rather than emerging future goods. The 
evils of the Depression and World War II remain powerful images for 
many legislators, encouraging their support of the military and defense 
systems. 
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UNDERLYING CAUSES 

Boulding's view of underlying causes is somewhat ecological. 
Conditions must be favorable for change to occur. An opening in the 

ecological system must be available, the old must be discredited or in 
decline for the new to take its place, or the current system must have 
suffered a disaster, for a new concept to develop out of the ashes. 

EXHIBIT 8-1 

FORCES INFLUENCING THE FUTURIST THINKING OF 

KENNETH BOULDING 




