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FOREWORD
Large technological systems and hitech grow more and more complex in the handful of the more advanced countries of
the world. If our ability to manage large technological systems and their growing complexity does not increase
dramatically, we may run increasing - possibly fatal risks.
I wrote on this subject this book: "The Coming Dark Age" in 1970 - five years after the Great Blackout of the East
Coast of the USA in the late fall of 1965. In 1977 there was another large blackout - in the summer. This was
accompanied by looting and riots. It is curious - and instructive - that in Europe no large electricity blackouts occurred.
Neither did they in the US in the last twenty years.
Congestion, though, reared up its ugly head - amplified by glitches in computer programs - and caused the
computerized telecommunications system of the United States to block telephone networks, cellular phones and to
downgrade air traffic control systems. In the near future congestion may threaten the Internet.
Technological risks still exist - and they are more threatening in some contexts which are ignored by the public at large.
Large technological systems are proliferating, without an overall global design, and they impact more and more on each
other. Instability and blockage of one system (telematics or energy, say) could cause a gridlock of all systems in the
more advanced nations where progress is blueprinted and implemented. A dark age would begin.
I published this book in Italy in 1971 and in US in 1973 (with Doubleday). It has sold rather nicely (in Italy it went on
selling for 30 years), but the message has not been received and understood. I venture to republish it on the Web in
English, hoping it will serve some constructive purpose. It does not contain a message of doom, but of reasonable
alarm.
I have added to each chapter of the original text (which I have edited again) a Hindsight Note to illustrate how the
situation has evolved, what new data we have acquired and what situations we are facing now.
It has always been the fate (and the success) of humans to take hard decisions in conditions of uncertainty. When
uncertainty is less, decisions are better. I am trying to help reduce some of the uncertainty - and of the risk.
Roberto Vacca
Rome, Italy, May 2000

INTRODUCTION

1. And I saw an angel come down from. heaven, having the key of the bottomless pit and a great chain in his
hand.
2. And he laid hold on the dragon, that old serpent, which is the Devil, and Satan, and bound him a thousand
years,
3. And cast him into the bottomless pit, and shut him up, and set a seal upon him, that he should deceive the
nations no more, till the thousand years should be fulfilled: and after that he must be loosed a little season.
4. And I saw thrones, and they sat upon them, and judgment was given unto them: and I saw the souls of
them that were beheaded for the witness of Jesus, and for the word of God, and which had not worshipped
the beast, neither his image, neither had received his mark upon their foreheads, or in their hands; and they
lived and reigned with Christ a thousand years.
5. But the rest of the dead lived not again until the thousand years were finished. This is the first resurrection.
The Apocalypse of St. John the Divine, 20: 1-5

This passage from the Apocalypse once convinced multitudes of people that the world would come to an end in the year
A.D. 1000. Feeling doomed and powerless, they sought refuge and pardon in prayer and penitence. The able-bodied lost
innumerable working hours, spending on their knees time that they had formerly given to productive work. Then the
year 1000 passed, and the world did not come to an end - a notable fact that nevertheless did not modify the apocalyptic
beliefs and superstitions in any way. Indeed, in the centuries that followed there were many other occasions when
astrologers and numerologists predicted cataclysms and ruins. While cataclysms and ruins have not been absent during
recent centuries, they have turned out to be in actual fact rather different from the improvised anticipations of the
prophets.
I am writing when the second millennium - of our era is less than thirty years from completion and when, for reasons
different from those of a thousand years ago, many people expect that before long there will be tragic and total
catastrophe. Today's prophets do not tell us to fear angels, dragons, or the abyss. We have to fear nuclear holocaust,
overpopulation, pollution, and ecological disaster.
Writers who announce imminent catastrophe are today so numerous that John Crosby has invented a new term to
describe their activity: doom-writing. In an article in The Observer of September 13, 1970, he contended that
catastrophes thus announced never come true and that conditions of life in cities and in the world have never been better
than they are now. Railing at the doom-writers, he accuses them of a pessimism both fashionable and lucrative: they
urge opinions that are readily acceptable and sell profitably.
But there must be many who agree with the doom-writers, since it is commonly assumed that the population of the
world will be 6 billion in the year 2000. Indeed, specialists in this field affirm that thirty years hence the world's
population will be more than double what it is now (it is now estimated to be 3.5 billion). Fred Charles Iklé, of the
Massachusetts Institute of Technology, has stated that in 2000 "the world's population will be some 7 or 8 billion rather
than 5"- a modification of the figure estimated in 1963 by the Rand Corporation. Though agreement about these
population fore-casts is virtually unanimous, I am convinced that time will not confirm them. There are several factors
indicating that the present rate at which human numbers are growing: and human structures developing may soon slow
to a stop and go into reverse.
It is not necessary for a few kilomegatons of hydrogen bombs to explode for hundreds of millions of people to be killed.
The same result may occur by less violent and more intricate means: that is, by virtue of the fact that vast concentrations
of human beings are involved in systems that are now so complicated that they are becoming uncontrollable. This
hypothesis-of an apocalypse that is impersonal, haphazard and unpremeditated - is more tragic than the other.
This book is an attempt to analyze one type of catastrophe that could come about through the breakdown of the large
technological systems that are now becoming so extremely complicated. My thesis is that our great technological

systems of human organization and association are continuously outgrowing ordered control. They are now reaching
critical dimensions of instability. As yet, a crisis in a single system would not be enough to bring a great metropolitan
concentration to a halt. But a chance concomitance of stoppages in the same area could start a catastrophic process that
would paralyze the most developed societies and lead to the deaths of millions of people.
A few chapters describe breakdowns that are already under way in systems for the production and distribution of power:
for transportation, communication, water supply, the disposal of waste, and the processing of information. Such crises
are due to the chronic congestion of almost all large systems - so often poorly designed and set up or (worse still)
allowed to proliferate at random because ability at the top has been inadequate, and requisite information as to present
needs and future trends has been unavailable.
One cannot prove a priori, of course, that a chance coincidence of events -decline, congestion, and slow-down - must
lead inevitably to disaster: not, at least, in the exact sequence which I describe here. It seems very likely, however, that
the most developed nations are on the way toward breakdown on a large scale. It appeared to me reasonable to accept
certain assumptions and to deduce their logical consequences in detail, in order to show realistically what the imminent
dangers are. I have used the term "dark age" to describe this coming widespread crisis. The early medieval centuries
from, say, 500 to 1100 are often called "Dark Ages" in the history books.
Countries that are less developed than others (either on the way to modernity, or still underdeveloped, or just backward)
will only be involved in the crisis to a marginal extent. Seventy per cent of the population of the world will not be much
injured by the first wave of destruction. On the other hand, the more advanced nations will be more vulnerable to the
harm that will accompany the breakdown of the large systems. In the dark age that would follow, their total population
might be halved. Since these nations would include Europe and the Soviet Union, North America and Japan, some 900
million people would be involved, or about 30 per cent of the present population of the world.
The death of 450 million people in the world's most developed countries would mean that scientific development,
technological research, large undertakings in civil engineering, industrial mass production at low cost, the whole
organizing and directive structures that function in modern society, would come to a complete stop. Along with a
certain set-back that the countries of the third world would suffer, there would be grave secondary consequences:
manufactured goods, finished and durable products, medicines, production facilities and managerial know-how
previously supplied by the more advanced nations-all would be missing.

Recovery will be slow and difficult; and on the road toward reconstruction, countries will
not necessarily be in the lead because they were so once upon a time. New primacies and
hierarchies among the peoples of the world will be decided by the availability of know-how
and by the ability to find new and effective forms of social and organized life. Also the
capacity that various groups of people may show for decision and aggression will be
decisive. The coming dark age will not last as long as the Dark Ages of early medieval
times, now long past: it will last perhaps a century.
We cannot know whether future historians will fix on 1960, 1970, or some later date for its beginning: it would seem
from many signs that the era of breakdown may have started already. Thus. there is nothing absurd in the threefold
assumption that, first, an era of disorder and destruction is coming; second, that it is imminent; third, that it will be
followed by rebirth. The third assumption has no justification other than the periodic alternation of all things human,
which history seems to support.
Accustomed as we are in this twentieth century to consider change as the most constant feature of our world, it is
natural for us to try and forecast what changes will take place next. In his book The Unveiling of the Future Richard
Lewinsohn shows that today we are much better at forecasting and planning ahead than we used to be. My belief that he
has proved his point justifies my writing about a middle age which is still at its beginning. To accuse me of doomwriting and pessimism will be easy enough. But we pessimists call our way of looking at things "realism," and we do
not regard ourselves as any less effective than the optimists in preparing remedies and in planning reforms.
Rome, February 1970-March 1973

Hindsight note to Introduction (April 2000)

The consensus in 1970 that the world population would be of 6 billion in 2000 was right - and the more refined
estimates were wrong. I was wrong in anticipating that the population increase would be stymied by technological
catastrophe. I was wrong in estimating that the new Dark Age would begin before the end of the millennium.
The risk of a global technological gridlock still exists: it is taking new forms - which I will describe in the Hindsight
Notes at the end of each chapter.

1
REACHING THE KNEE OF THE CURVE

Imagine driving a big truck on an uphill road. The slope is becoming steeper and your speed is decreasing. You shift
down to the lowest gear, the engine is laboring, the slope is getting worse. But with so heavy a vehicle and so powerful
an engine there seems to be no danger of losing traction. Still, the hood is all the time getting higher in your field of
vision and seems almost vertical. The slope steepens more. To turn back now is out of the question. Surely sooner or
later the road will have to level off. In a cold sweat you ask yourself whether the truck will overturn.
A simile. It pictures those mathematical curves that represent the time variation in any number that measures some
aspect of our civilization. Everything grows: everything is on the increase, and every year the speed of that increase is
greater. For example:
The population of the world was 800 million in 1750, 1,200 million in 1850, 2,400 million in 1950, and in 1973 it is
well over 3,600 million.

The maximum speed of vehicles was 35 miles per hour in 1850, 100 m.p.h. in 1900, 1000
m.p.h. in 1950, and now astronauts travel at a speed of some 24,840 m.p.h.
Similar growth rates are shown by the expanding highway systems, the number of telephones, the number of travelers
by air, the number of books printed annually - in short, the number of the members belonging to any and every class of
object and activity.
All these measurements, then, have the character of continuous and apparently exponential growth, and their variation
obeys a well-known mathematical law, governing processes of growth in the presence of limiting factors. At first the
effect of these limiting factors is hardly noticeable, but there comes a time when they begin to predominate and to
produce the phenomenon known as "saturation": the curve begins to look like a knee. The result is a steady lessening of
the curve's growing steepness until the steepness diminishes to the point where growth virtually ceases, measurement is
constant, and the curve representing it continues as a straight horizontal line. The ascent is over. We have reached the
plateau.
The simile of a truck climbing a road of increasing steepness and running the risk of overturning before getting to the
plateau is not overdramatic. In fact, it is not the natural order for things always to run smoothly. Often the effect of the
limiting factors is not felt gradually: it may be felt all of a sudden; instead of a rounded knee, there may be turbulent
oscillations accompanied by disorder and breakdown. Indeed, the hypothesis that changes are uncomfortable, coming
swiftly and violently, is more likely to prove true than the alternative hypothesis that they are tolerable because they
come as gradual and slow transitions. Trying to foresee what the first hypothesis in all its grimness may involve is
therefore well worthwhile. As Lewinsohn observed, we are all prophets, not so much from choice as from sheer
necessity.
It is a curious fact that an investigation of this kind is not very popular. For, living as we do in advanced societies, we
are so familiar with the ever growing numbers and the ever denser congestion of people, vehicles, machines, buildings,
etc., that we have difficulty even in imagining situations that are different - static rather than progressive, contracting
rather than expanding. We inevitably regard a slow-down, recession, or crisis as abnormal and transient. And it should
be added in passing that this attitude is not unjustified: the past 150 years confirm it. They even allow us to conclude
that planners are, if anything, too conservative, timidly underestimating future growth. Traditionally engineers and
planners have tended to be out of date in the very fields in which they operate, ignoring the time lag between a project
and its actual execution, and designing roads, telephone networks, and housing as though catering to the needs of ten
years ago rather than to present and future needs.
There are a few notable exceptions. The name of Pierre Charles L'Enfant springs to mind at once. He was the engineer
of the Continental Army who planned and designed with great foresight the city of Washington, D.C. The capital of the
United States, conceived at the end of the eighteenth century, has functioned well for 150 years. That L'Enfant's work
was harshly criticized in his day is not to be wondered at: whenever anyone thinks on the grand scale, he is accused of
being an extravagant showman and a waste maker.

It is not enough, however, simply to take note of the fact that the dimensions of a given problem are getting bigger. We
have also to determine the laws by which this increase takes place, and by what different laws it will take place in the
less immediate future.
Ill-equipped planners, unfortunately, work on childishly linear principles when forecasting the future - and then they
realize that the real world has changed faster and that growth has been steeper than they expected. Even at a more
competent level, where the laws of growth are known and expressed as simple mathematical formulas, it happens too
often that better informed planners make use of unduly simplified statements of those laws, and make bad mistakes as a
result.
This seems to suggest that normally all forecasts are inaccurate in that they anticipate developments slower than actual.
Now our initial thesis was that sooner or later we will reach some kind of knee and growth will stop in all sectors which would vindicate the modest expectations of forecasters. So let us prove now that present growth rates cannot
possibly be maintained unchanged over a long period. Let us look, for example, at the indubitable problem for which
remedies of various types are constantly being suggested: the population explosion.
Even if we use one of the more modest and prudent formulas that have been suggested as the law of growth for the
population of the world, the conclusion to which it brings us is this: if continuously valid for the next two thousand
years, it would give a world population of 150,000 billion people, i.e., one person to every square meter of the earth's
surface (seas excluded). In the next eight thousand years it would give a population of 1023 (1 followed by 23 zeros)
with a density of 666 million people to every square meter, or 62 million people to every square foot. Which is absurd.
Incidentally, the weight of the whole terrestrial population would then be equal to that of the globe itself (including its
heavy central nucleus, made of nickel and iron). It is obvious that the limiting factors will be in action long before either
(absurd) hypothetical target is reached.
But the action of limiting factors in our everyday experience of saturation is no hypothetical supposition. The growth of
the total number of automobiles in different countries provides a typical example. In Italy the total number of cars
doubles every four years. In the United States, on the other hand, the total number doubles every fifteen years - much
more slowly. This means that in America the point representing this growth is to be found at a higher level and at a
lower gradient on the exponential curve which tends to move toward its asymptotic constant: When the asymptote is
reached, the number of cars will grow at approximately the same rate as the total population (assuming, of course, that
the population will still be growing at that time).
We can now look at two alternative possibilities.
First, assuming that the growth curves of population, facilities, and services (i.e., people's houses, their means of
transportation and communication) reach the knee gradually and smoothly, what disadvantages would this involve? It is
highly probable that planners and engineers would only then learn to plan and build in terms of the huge needs of the
future and not in terms of the more modest needs of the past; but the disadvantage would be that imposing works would
be undertaken to meet the estimated needs of a future growth which would, in fact, have passed its knee and be
diminishing, if not already at a halt. Society would just be reaching equilibrium only to find that equilibrium disturbed
by an excessive and wasteful use of resources on new constructions and services for which there was only a diminishing
demand. It is possible, of course, that a situation such as this might develop simply through what Dickson Carr called
"the overall cussedness of things in general."
But there is nothing tragic in the possibility that planners and designers might strive to keep pace with the very rapid
growth of society, gathering such momentum in doing so that - unable to apply the brakes in time - they would go far
beyond the proper stopping place. Nor would it be the first time that wealth on a large scale had been wasted or frozen
in the production of things that turned out to be superfluous or useless.
Second, it is much more interesting to consider the more dangerous possibility - that the growth curves of the various
parameters that measure our civilization will show marked overshoots: that is, they will show the parameter value first
climbing much higher than the asymptotic equilibrium value, and then making a correspondingly steep descent; then a
new climb followed by an equal and opposite descent; and so on until the oscillations die out and equilibrium. is
reached. These overshoots occur when the limiting factors do not go into action in a continuous and balanced way as
they should (like a governor on an engine), but are overborne or neutralized by booming expansion, until the moment
comes when, by their cumulative action, they in their turn succeed in neutralizing the expansion. This type of problem
can be tackled mathematically, though without any great improvement in the quality and range of one's forecasts. The
use of formulas presupposes data not normally available in practice, as well as knowledge of the causal relationships of
the phenomena under discussion such as we do not at present possess. Jay W. Forrester, of the Massachusetts Institute
of Technology, has shown that in the field of complex systems, cause-to-effect relationships are very difficult to
analyze: hardly ever does one given parameter depend on just one other factor. What happens is that all factors and
parameters are interrelated by means of multiple feedback loops, the structure of which is far from obvious; so that only
an accurate modeling of the system can bring us nearer to an understanding of the process.

It is of no great interest, however, to determine the number or the period of the oscillations mentioned above, mainly
because their movements have no more than a theoretical model value; and because, in all probability, they will be
hardly recognizable when other phenomena - at present unforeseeable - dominate the scene. There will be the
cumulative action, too, of innumerable random events, which will cover any curve with "noise" even though it is plotted
in accordance with theories sticking closely to reality.

The forecast that will serve as the basis for the considerations that follow is that at least one
overshoot will occur. In other words, the size of the large systems will so far outgrow any
position of stable and durable equilibrium that they will necessarily shrink and fall to levels
much lower than those existing now. This book is concerned throughout with that dark
breakdown: the imminent dark age. I define "dark age" as the period elapsing between the
time in which maximum overshoot is reached and the time when the minimum is passed and
a new period of expansion will begin.
I am not speaking here of a recession or of a crisis as admittedly grave as that of 1929, but of phenomena of much more
momentous importance. One of my contentions is that the proliferation of large systems until they reach critical,
unstable, and uneconomic dimensions will be followed by a breakdown at least as rapid as the previous expansion and
will be accompanied by many catastrophic events. It follows that the two main features that will have to be recognized
as symptoms of the arrival of the dark age will be a sharp diminution of population followed by a further, slower
reduction, and a piecemeal breakup of large systems into many small, independent, and self- sufficient subsystems.
A decline in population was one of the features of the earlier dark age. Rome had over a million inhabitants in the
imperial period, and only about 30,000 in the year 1100. This decline occurred throughout the Italian peninsula and the
whole Mediterranean basin. Some historians see this as the cause rather than an effect of the Dark Ages - a debatable
point of view. Others maintain that lowered productivity and the abandonment of agriculture were not due to a
shrinkage of the absolute number of inhabitants in the Empire but to changes in the allocation of manual labor, and
especially to the diminished availability of slave labor. It may be that the problem of determining the causes and effects
of the fall of the Roman Empire is insoluble. In any case it is irrelevant to the forecasts that I am making, since today
there is certainly no cause of regress that may be identified with a diminution of population: in almost every part of the
world the population is increasing. And so, however things may have gone in the past, it is impossible that a sharp
decrease in population in the future will be the prime cause of decline and fall: it will be the effect of regress and
collapse produced by other causes.
If we postulate for the moment only that the population of the world will decline considerably in the course of a few
years - say, by half - the obvious consequence will be a speedy glut of consumer goods, durable goods, and all industrial
products, and they will quickly lose their value. A further result will be the interruption of research and invention, and
the motives of profit and competition that are bound up with them. Even basic scientific research, though not
interrupted, will slow down and go into the doldrums caused by the lack of advanced industrial products, organization,
and finance.
This apocalyptic anticipation should not be used to search out other, facile parallels between the dark age that ended
some centuries ago and the one now imminent. I shall not try, therefore, to guess what new migrations of peoples are
likely - gratuitously identifying the Chinese of today with the Goths, Avars, and Huns of the past; nor shall I speculate
about a revival of the religious spirit. My sole concern is to show that the ways in which large modern systems have
been built up, and developed to excess, have to be analyzed if we are to understand the cause of their coming
breakdown, of which there are numerous signs.
It would be trite to observe that the processes of unceasing growth and expansion pervading our world cannot go on
indefinitely. Yet there is nothing trite, I think, about trying to foresee when we shall reach the knee, and what violent
disturbances may occur in our passage from a variable order of things to one that will eventually be static. It would not
be possible to examine, or even merely to enumerate, all the different kinds of processes by which our existing situation
could degenerate into a standstill. As far as reason allows I must be content to develop the assumption already
mentioned, of a single overshoot followed by an equally rapid shrinkage and decline, and to make its logical
consequences explicit for the period that I have defined as the coming dark age.
The considerations that follow should not be treated as statistical extrapolations, the probability of their verification
being assessed numerically. They are intuitions, based admittedly on the extrapolations of numerical evidence wherever
it is relevant to the solution of the central problem, the breakdown of large systems.

Naturally the main interest in analyzing the causes of this breakdown would be to produce techniques, procedures, and
organizational changes to prevent it. In the following chapters, devoted to particular problems in the various large
systems, I shall ask what possibility of salvation exists for each, and try to show what measures are indispensable if the
whole situation is not to degenerate inevitably into one of instability and chaos. Certain conclusions are obvious
already: that is, that the necessary remedies are not being prepared, that simple remedies will not suffice, and that
complicated remedies are not known. Trust in systems engineering will no longer do. The time is ripe to begin thinking
constructively about setting up independent operational units to conserve our civilized know-how, so that this
knowledge might survive the coming era of darkness and bring a new era to birth.

Hindsight Note to Chapter 1 (April 2000)
In 1970 I had not yet worked out mathematical procedures to fit an S-shaped, so called "logistic", equation to time
series - that is sequences of measurements of a given socio-economic variable over the years. At that time the adjective
"exponential" began to be applied widely to describe phenomena of fast growth of: populations, car parks, power
stations, telephone networks, industrial production.
In the chapter above I belabored the (really obvious) concept that no growth process can proceed unchecked for an
indefinite length of time. As I will show in subsequent Hindsight Notes, logistic equations - and the S-shaped curves they
define - often describe accurately growth and decline processes of biological populations and of populations consisting
of man made objects. These equations and curves depict smooth transitions, which can take place slowly or rapidly, but
no wild swings. However, it frequently happens that when a growth process is about to reach gracefully its asymptote
(final constant value), it begins to show oscillations and wild variations. It is said it is "hunting" around.
There are no methodic analytical procedures to forecast fast swings of variables - like those typical of financial markets
or of collective behavior of large masses of people. I still think that the "all our eggs in one basket" risks still exists. The
complexity of modern technology is still growing fast. We are entrusting large portions of the design, the monitoring,
the management and the control of all systems to Information Technology. Even a single glitch in a computer program
can produce unexpected and dire consequences. If our collective and individual professional and managerial abilities
are not urgently upgraded, we will go on running serious risks - and we will be ill equipped to intervene timely.

