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Preface
What to Expect

Some lifelong endeavors, many old (and later resurrected) skills, and a great deal
of new work have gone into this book. As a scientist, I have been always interested
in global environmental change, and in natural catastrophes and anthropogenic
risks (particularly in the failures of modern techniques) and the quantification of
their probabilities. My study of unfolding national trends has been made easier by
my personal experiences and fondness for languages. As a European who emigrated
first to the United States and then to Canada and who has frequently visited Asia,
I have decades of direct experience with most of the societies whose fortunes will
shape the global future of the twenty-first century.

Although my dominant research interests have shifted during the past 40 years,
I have always followed European, Russian, and Middle Eastern affairs. For two
decades I have studied China’s energy use and environment, with frequent visits to
the country, usually combined with stays in Japan. During my undergraduate days
at the Faculty of Natural Sciences at the Carolinum University in Prague in the early
1960s, I developed a distaste for rigid compartmentalization of knowledge. Ever
since that time I have tried to understand complex environmental and engineered
systems as they interact with social and economic forces; hence my keen interest in
history, demography, and economics. Many of my publications could be assigned
to these categories. My interest in risk assessment and patterns of technical innova-
tion began shortly after emigration from Europe to the United States in 1969;
Robert Ayres and Chauncey Starr were my intellectual guides.

Given this background, my intent is to present as wide-ranging and interdisciplin-
ary a perspective on the next 50 years as practicable in a book that amounts to less
than 100,000 words. The book’s principal aims need more than a single sentence
to summarize. Above all, this is not a book of forecasts: I do not make a single
claim that by a certain date a particular event will take place or a given trend will
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peak or end. Nor is this a volume of scenarios: I do not offer imaginative fables
describing alternative worlds of 2050. This book is simply a multifaceted attempt
to identify major factors that will shape the global future and to evaluate their
probabilities and potential impacts.

This work is based on recognizing a simple dichotomy—fundamental shifts in
human affairs come mostly in two guises, as low-probability events that could (in
an instant) “change everything,” and as persistent, gradually unfolding trends that
have no less far-reaching impacts in the long term. A close, critical, interdisciplinary
look at both these factors can be beneficial in reminding us—as individuals and as
polities—to pay adequate attention to the consequences of unpredictable (or poorly
predictable) catastrophic events and to the clearly discernible outcomes of worri-
some long-term trends.

Better understanding and heightered awareness should help us lessen the impact
of unpredictable events, even prevent some whose timing could not be known but
whose coming might have been anticipated. (9/11, the September 11, 2001, destruc-
tion of the World Trade Center’s Twin Towers by terrorists, which came after the
World Trade Center bombing on February 26, 1993, and after the publication of
al-Qaeda’s training manuals during the trial of Umar Abdul Rahman in 1993, is
an obvious instance.) They should also improve our efforts at moderating or
reversing deleterious trends at a stage when changes are tolerable and sacrifices
reasonable, before such trends bring unavoidable economic collapse, protracted
social turmoil, heightened risks of widespread violent conflicts, or a global envi-
ronment altered to a greater degree than at any time since the emergence of our
species.

Consequently, in chapter 2, I begin by identifying key fatal discontinuities—
sudden catastrophic events that can change the course of world history. These events
include rare but recurrent natural phenomena, such as the Earth’s encounters with
extraterrestrial bodies, volcanic mega-eruptions, and viral pandemics, as well as
destructive human actions, such as major wars and terrorist attacks. I evaluate these
phenomena in order to provide the best current understanding and, where possible,
to quantify the probabilities of their occurrence during the first half of the twenty-
first century.

Chapter 3, devoted to principal trends of global importance, examines key
resource, demographic, economic, political, strategic, and social shifts. First is a
fundamental universal trend that will affect the global history of the next two gen-
erations: a complex energy transition from a world powered largely by the combus-
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tion of fossil fuels to an as-yet-uncertain mix of new resources and conversions.
Few other factors will be as important in determining the economic and social
fortunes of both affluent and poor countries as the tempo and eventual success or
failure of this unfolding energy transition.

Second, I look at other gradual shifts by focusing on the principal actors on the
world stage today: Europe, Japan, Russia, China, the United States, and the Muslim
world. Global civilization has a relatively small number of leading actors (equivalent
to keystone species in ecosystems) whose aspirations, commitments (or lack thereof),
internal changes, and external postures disproportionately affect the future and
fortunes of all.

Three examples illustrate the point of disproportionate influence. (1) although
the demographic trends in Hungary and Japan appear to be similarly bleak, Japan’s
rapidly aging population is a matter of global consequence because the country is
still the world’s third largest economy and a principal technical innovator. (2) Con-
tinuation of the chronic and legendary mismanagement of the Italian economy will
have only a marginal effect on global investment and trade, but the very foundations
of the world’s economy could be entirely remade if the United States does not soon
end its economic excesses. (3) During the past generation Hindu extremists and
Serbian nationalists have instigated acts of violence that have caused many casual-
ties, but the global import of their violence and hate speech is minimal compared
to the rise of the unyieldingly militant, terrorizing version of Islam whose threats
extend to all inhabited continents.

The assessments of states and the Muslim world in chapter 3 consider factors
ranging from demographic trends and immigration to technical innovation and
macroeconomic performance. For each of these specific surveys I provide historical
background (often contradictory) evidence regarding the strength and durability of
the unfolding trends, and the likelihood of particular future developments (these
trends, unlike recurrent natural catastrophes, are not subject to meaningful quanti-
fication because they are contingent on so many events).

The third part of chapter 3 addresses two aspects of who is on top. The first is
a strategic, collectivist matter of ever-shifting global primacy (a more accurate term
than dominance), a multifaceted and hard-to-evaluate quest for power, influence,
and advantage. The second concerns individual fortunes in life, a worrisome and
apparently global trend of growing economic and social inequalities that results, to
a large extent, from vigorous (and seemingly interminable) globalization of resource
use, production, and consumption.
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Although most of the events that will mold the future can be categorized either
as sudden catastrophic events or as unfolding trends, environmental change war-
rants separate treatment because it is such an inimitable amalgam of shocking
discontinuities (especially given that sudden environmental change is measured on
a different time scale) and gradual trends, and because these two classes of phenom-
ena are intertwined in multiple (and still poorly understood) feedbacks. In chapter
4, I review the best available evidence regarding the magnitude and tempo of envi-
ronmental changes that have the potential to affect the course of planetary civiliza-
tion seriously during the coming two generations. This assessment includes not only
the still insufficiently appreciated complexities of global warming but also brief
looks at other profound environmental changes, such as a multifaceted assault on
the global water cycle, a massive human alteration of the global nitrogen cycle, and
a trend of increasing resistance of common pathogenic bacteria to antibiotics.

I close the book by offering in chapter 5 a rational framework for assessing
potential risks and evaluating unfolding trends. Quantification of risks offers a
useful basis for rational perception and effective preparation for threats ranging
from recurrent natural catastrophes to technical failures and terrorist attacks. Our
understanding of unfolding trends and any attempts to change them in desirable
directions benefit from setting them in appropriate historical context, not mistaking
short-lived phenomena for long-term processes, and stressing the unpredictable
nature of complex, interwoven social, economic, political, strategic, and environ-
mental developments. These realities preclude meaningful long-range forecasting,
but they do not prevent us from acting as responsible risk minimizers.

In sum, do not expect any grand forecasts or prescriptions, any deliberate support
for euphoric or catastrophic views of the future, any sermons or ideologically
slanted arguments. Instead, expect eclectic inquiries, reliance on long-term historical
perspectives, reminders that limited understanding and inherent uncertainties are
our constant companions in appraising the risks of globally fatal discontinuities and
the strength and ultimate outcomes of unfolding trends.

Complex realities often produce contradictory evidence and seemingly incompat-
ible arguments. For example, the assessment of the future of the United States is
more pessimistic in the chapter on national trends than in the book’s concluding
discussion. This is understandable. While it is hard to escape a rather gloomy feeling
after a systematic, cumulative look at a series of trends (economic, demographic,
social, strategic) whose only common denominator appears to be their wrong direc-
tion, the overall assessment of the country’s prospects brightens considerably when
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its recent failings and misfortunes are seen alongside its great residual strengths and
historically tested capacity for reinvention and restructuring, and are then compared
with the weaknesses, handicaps and rigidities of other major actors: only the young-
est readers of this book will be able to judge the eventual outcomes.

My intent is to illuminate, not to prescribe; to question and to convince readers
of the fundamental openness of contingent futures. The framework chosen to
accomplish this is a wide-ranging, historically based interdisciplinary appraisal of
sudden discontinuities and unfolding trends, of the contest for global primacy, and
of underlying energy needs and worrisome environmental changes. All of this is
neither soothing nor grimly satisfying, but I believe that such a realistic, searching,
amalgamative, mosaic-building approach is superior to grand prescriptions, and it
offers the best way to power our imagination, to mobilize our creativity, and to
deploy our considerable capacity for adapting to new, unforeseen and unforeseeable
circumstances.

Finally, two technical notes and a paragraph of thanks. Being able to get insights
unfiltered by translations has been a very useful asset for me in understanding the
histories and appraising the fortunes of different societies. Besides reading in all
principal European languages (Russian and Italian are my favorites), I have studied
both putonghua (Chinese) and nibongo (Japanese), and I also spent five years
working on literary Arabic and the Egyptian dialect. That is why I prefer to use
consistent and linguistically accurate transcriptions in this book. For readers’ con-
venience, exceptions were made for terms that are now commonly used in English-
language publications: al-Qaeda (al-qa‘ida) and the Koran (al-qur’an). And, as in
all of my books, all statistics are in metric units used with appropriate SI prefixes,
listed in appendix A.

My thanks, above all, to Paul Demeny for asking me for an unorthodox contribu-
tion to his journal and hence unwittingly launching this book: the two papers about
the next 50 years published in Population and Development Review (Smil 2005a;
2005b) became its core. Thanks also to Clay Morgan for giving me the latitude to
do my seventh MIT Press book; to John Katzenberger, Granger Morgan, Peter
Nolan, Simon Upton, Daniel Vining, and an anonymous reviewer for reading the
entire text or parts of the typescript and offering their criticism and suggestions;
and, once again, to Douglas Fast for creating a fine set of illustrations.
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1
How (Not) to Look Ahead

Inusitatis atque incognitis rebus magis confidamus vehementiusque exterreamur.
(The unusual and the unknown make us either overconfident or overly fearful.)

Gaius Julius Caesar, Commentarii de Bello Civili, 11. 4

Any one of us may indulge in speculations about global futures tailored to particu-
lar moods or biases, from Francis Fukuyama’s (1992) ahistorical “end of history,”
forseeing the universal triumph of liberal democracy, to the Ehrlichs’ (2004) lament
that the fate of liberal democracy will be similar to Nineveh’s. Fukuyama rightly
complains that he has been misunderstood, that he did not suggest events’ coming
to an end. Rather, he maintains, no matter how large and grave any future events
will be, history itself (“as a single, coherent, evolutionary process”) is over because
nothing else awaits but an eventual triumph of liberal democracy. This claim irri-
tates because of its combination of wishful thinking and poverty of imagination. If
we were to believe it, then 9/11, fundamentalist Islam, terrorism, nuclear blackmail,
globalization of the labor force, and the resurgence of China are inconsequential
because “all of the really big questions had been settled.”

As for our Nineveh-like fate, I am far from convinced, despite the enormous
challenges we face, that our civilization will be soon transmuted into a defunct heap.
Even if that were the case, we would still not be one with Nineveh: myriads of our
artifacts made of steel, other metals, glass, and plastics that we leave behind will
be better preserved than the Assyrian Empire’s short-lived capital of clay that was
so thoroughly destroyed by invading Babylonians. But these are just asides provoked
by Fukuyama’s and the Ehrlichs’ claims, which were introduced in order to illustrate
something that such grand forecasts have in common: their outcomes are precon-
ceived, and their arguments are predetermined by strongly held visions, whether of
inexorable progress or unavoidable collapse.
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Visions of unavoidable collapse have been in the ascendant. Diamond’s Collapse
(2004), a derivative, unpersuasive, and simplistically deterministic book, gained a
cult following with its tales of failed societies prefiguring our approaching demise.
Martin Rees, a Cambridge don and the Astronomer Royal, tipped his hand with a
very unforgiving title, Our Final Hour (2003) followed by a bleak subtitle listing
terror, error, and environmental disasters as the greatest threats to humankind’s
future. Kunstler’s (2005) book is another notable contribution to the literature of
catastrophes, and Lovelock (2006) sees the Earth goddess Gaia taking revenge on
her human abusers. Only Posner (2004) kept his usual analytical cool while looking
at catastrophic risks and our response to them.

And then there is the burgeoning field of specific point forecasts that quantify
numerous attributes of populations, environments, techniques, or economies. The
Internet has made it a matter of seconds to find the requisite data for particular
years: total number of females in Yemen in 2040, CO, concentrations in the atmo-
sphere in 2030, the aggregate U.S. national debt in 2010, and so on. For all those
curious but unwilling to search, here are the forecasts: a medium variant of the
UN’s latest population forecasts (United Nations 2005) lists 25 million Yemeni
females in 2040 (10 million in 2005); according to scenarios published by the Inter-
governmental Panel on Climatic Change (IPCC 2001; 2007), the average global
atmospheric CO, level should be ~450 ppm by 2030 (~380 ppm in 2006); and the
U.S. federal debt was expected to approach $11 trillion in 2010, ($7.9 trillion in
200S) (OMB 2006).

Given prevailing life expectancies, most male readers in their early 40s and female
readers who have just turned 50 will still get the chance to check the 2030 outcome
and find how badly mistaken the original forecast was. This conclusion (the only
reliable forecast being our inability to forecast) rests on a voluminous, increasing
amount of evidence: the only sensible way to appraise the reliability of modern
forecasts is to look back and see how well their counterparts foretold yesterday’s
and today’s realities. Such backward-looking exercises are particularly valid because
during the past generation most of these specific point forecasts relied on the same
suite of intellectual approaches and techniques as do today’s prognoses that look
5-50 years ahead.

Retrospectives reveal that most of the truly long-range quantitative forecasts
(spanning at least one generation, or 20-25 years) turned out to be useless within
years or even months of their publication. I have demonstrated these failures by a
detailed examination of more than a century’s worth of every possible category of
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long-range energy forecasts (Smil 2003). Trend forecasts fail so rapidly because they
tend to be unrealistically static. But trends are finite: they weaken or deepen sud-
denly; they can be reversed abruptly.

Population forecasts provide pertinent examples of these failed anticipations. A
comparison of the revision for 2004 (United Nations 2005) with the 1990-2025
global population forecast (United Nations 1991) shows a difference of about 600
million people, a reduction about 10% greater than today’s entire population of
Latin America. Thus even forecasts that deal with given biophysical realities (most
of the females that will give birth during the next 20 years are already alive) and
that are issued only a dozen years apart can differ by continent-sized margins.

When looking at the global prospects for the next 50 years I have no desire to
add to this almost instantly irrelevant mountain of specific point forecasts. Nor do
I want to become an inventive fabulist and proffer assorted scenarios, a practice
that has been embraced by individual forecasters (e.g., Hammond 1998), interna-
tional institutions (e.g., WBCSD 1997; WEF 2006), major corporations (e.g., Shell
Group 2006), and government agencies. An excellent example of this genre on the
global scale (limited to only four visions of the world in 2020) is an effort by the
National Intelligence Council (NIC 2004): it offers a Pax Americana (continuing
U.S. predominance), a Davos World (robust economic growth led by China and
India), a Cycle of Fear (proliferation of weapons leads to large-scale intrusive secu-
rity measures in an Orwellian world), and a New Caliphate (“a global movement
fueled by radical religious identity politics [that] could constitute a challenge to
Western norms and values as the foundation of the global system”).

The principal reason that even the cleverest and the most elaborate scenarios are
ultimately so disappointing is that they may get some future realities approximately
right, but they will inevitably miss other components whose dynamic interaction will
create profoundly altered wholes. Suppose that in 1975 (years before the adoption
of the one-child policy in China) a group of scenario writers correctly predicted the
decrease in China’s total fertility rate (and hence the country’s much reduced popula-
tion total). Would they—would anybody in 1975 (during the last phase of the Maoist
Cultural Revolution and a year before Mao’s death)—have set that number amidst
a more than quadrupled quasi-capitalist economy absorbing annually tens of billions
of dollars of direct foreigninvestment and serving as the leading workshop for the
world (fig. 1.1)? What expert group gathered in 19835 to rank relative standings of
major powers in 1995 would have forecast the collapse of the Soviet Union, Japan’s
economic retreat, the first Gulf War, and the resurgent U.S. economy against the
background of surging globalization and the emergence of the Internet?
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China’s unpredictable changes, 1975-20035: fertility, GDP, foreign investment, exports.
Plotted from data in United Nations (2005) and NBS (2006).

As I have mentioned, I offer no quantitative point forecasts and no alternative
scenarios. My intent is to explore those key variables whose impact is likely to be
large enough to shape the course of world history during the first half of the twenty-
first century. My firm belief is that looking far ahead is done most profitably by
looking far back and that this approach works both for natural catastrophes and
socioeconomic trends. Naturally, there are no specifics to be learned from such an
exercise, yet those extended retrospectives impress with one key lesson: history
advances as much by saltations—sudden discontinuities—as it does by gradual
unfolding of long-lasting trends.

In this respect, history mirrors, in a much contracted fashion, the record of life’s
evolution on Earth, which is marked both by very slow (Darwinian) transformations
and by relatively sudden (saltationary) changes (Simpson 1983; Eldredge and Gould
1972). Gradual, but cumulatively astonishing, evolutionary advances are much
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more widely appreciated than are several remarkable saltations embedded in the
fossil record. None was more stunning than the great Cambrian explosion of highly
organized and highly diversified terrestrial life. This great evolutionary saltation
began about 533 million years ago and it produced within a geologically short spell
of just 5-10 million years, or less than 0.3% of the entire evolutionary span, virtu-
ally all of the animal lineages that are known today (McMenamin and McMenamin
1990). And modern science also came to appreciate the role of rare catastrophic
episodes in shaping the life’s evolution (Albritton 1989; Ager 1993).

The increasingly frequent attempts at long-range forecasting (mostly dynamic
modeling and scenario building) are of a gradualistic variety, resting largely on fol-
lowing a number of critical trends. I turn to these gradual processes in chapters 3
and 4, which look at the new population realities (differential growth, regional
redistributions, aging, migration), socioeconomic trends with capacity for long-
lasting global impacts (marginalization of Japan, Islam’s role, Russia’s reemergence
as a major power, China’s rise and its checks), the perils of nuclear proliferation,
changing global leadership, and worrisome environmental trends.

But I start by focusing in chapter 2 on those unpredictable saltations whose con-
sequences, in terms of lives lost and disrupted, economies destroyed and trans-
formed, and outlooks dashed and altered, could change humanity’s collective
fortunes during the next 50 years.

Before I do so, a few paragraphs on the meaning of global, certainly one of the
most overused adjectives of the new century. This seemingly straightforward term
actually has a number of contextual meanings. It is often used as a synonym for
worldwide even if the phenomenon does not encompass the entire planet. There are
natural processes operating on truly global scales: atmospheric circulation is a fun-
damental example of a unified, planetwide, climate-shaping flux that is powered by
a single source (solar radiation). Plate tectonics is another example of a planetwide
process that determines the basic physical features of every continent and ocean.

Other natural phenomena are global in different sense: their extent is limited
either to land or to the ocean, but they are widespread within these confines. Soil
erosion and ocean currents belong to this category. Other processes, natural or
anthropogenic, are ubiquitous but spatially discontinuous, found in numerous loca-
tions on all continents; in this sense there are definitely global problems with
invasive species, losses of agricultural nitrogen, increasing income disparities, or
governmental pension liabilities. Economic, political, and military uses of global
have their analogs of natural “global” categories. Trade is now truly global because
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Fig. 1.2
Hurricane Katrina landfall, August 29, 20035. Satellite image at <http//goes.gsfc.nasa.gov/pub/
goes/050829 katrina.jpg>.

no country can be economically autarkic, and affluent nations could not support
their high quality of life without intensive selling and buying of goods and services.

International finance is global: money in modest savings accounts is commingled
with the legal but excessive profits of multinational companies and with the illegal
and even more excessive profits of cocaine and marijuana wholesalers. So is inter-
national telecommunication. The U.S. military reach is global because its vessels
cruise all oceans, and its strategic lift and amphibious capabilities can put forces on
land wherever there is a suitable runway or a beach. And global is now applied also
to individual events that make a distinct worldwide difference. Henisz et al. (20035)
asked if hurricane Katrina (fig. 1.2) was a global event and answered yes, based on
three considerations: disruption of oil and gas production in the Gulf of Mexico,
which helped drive up the world price of oil; worldwide insurance and reinsurance
implications of this major loss (more than $40 billion); and a tarnished image of
the United States as billions of people saw televised images of distress and devasta-
tion with a tardy and limited response from government.
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In this book I focus on truly global phenomena that can directly affect the entire
planet, either as instant catastrophes or as gradually unfolding trends. Yet some
events and processes that are much more restricted can change the course of world
history; their eventual consequences are undeniably global. The terrorist attacks of
9/11 are a perfect example of this kind. No individual, no expert group can be
prescient enough to separate the matters that will be truly consequential from those
that appear important but will eventually make little difference. Inevitably, this
book shares that fundamental shortcoming; some of its hoped-for hits will surely
turn out to be misses.






2

Fatal Discontinuities

Mors ultima linea rerum est.
(Death is everything’s final limit.)

Quintus Horatius Flaccus (Horace)

Bostrom (2002) classified existential risks—those that could annihilate intelligent
life or permanently or drastically curtail its potential, in contrast to such “endur-
able” risks as moderate global warming or economic recessions—into bangs (extinc-
tions due to sudden disasters), crunches (events that thwart future developments),
shrieks (events resulting in very limited advances), and whimpers (changes that lead
to the eventual demise of humanity). I divide them, less dramatically, into (1) known
catastrophic risks, whose probabilities can be assessed owing to their recurrence;
(2) plausible catastrophic risks, which have never taken place and whose probabil-
ities of occurrence are thus much more difficult to quantify satisfactorily; and (3)
entirely speculative risks, which may or may not materialize.

Known catastrophic risks encompass discontinuities whose probabilities of recur-
rence can be meaningfully appraised because of reasonably well-understood natural
realities and historical precedents. Their probabilities of near- or long-term recur-
rence can be quantified with a degree of accuracy that is useful for assessing relative
risks and allocating resources for preventive actions or eventual mitigation. This
category includes natural catastrophes such as the Earth’s encounters with extrater-
restrial bodies, volcanic mega-eruptions, and virulent pandemics as well as trans-
formational wars and terrorist attacks.

Although plausible catastrophic risks have never yet occurred, their potentially
enormous impacts require that they not be excluded from any comprehensive assess-
ment of future fatal discontinuities. Some of these catastrophes have been widely
anticipated for decades. The fear of accidental nuclear war has been with us since



10 Chapter 2

November 1951, when the Soviets deployed their first deliverable fission bomb
(RDS-1 Tatyana), although a more appropriate dating might be 1955, when both
superpowers acquired their first nuclear-tipped long-range missiles, Matador and
R-5M Pobeda (Johnston 2005). Unlike the strategic bombers (the first jet-powered
plane, B-47, flew in 1947), the launched ballistic missiles could not be recalled, and
there was no way to intercept them during the decades of the Cold War. Despite
enormous expenditures initiated during the first term of the Reagan presidency,
there is still no reliable antimissile defense in place.

Other events in this category have been matters of occasional speculation (e.g.,
a pandemic caused by a previously unknown pathogen), but overall the likelihood
of occurrence and extent of impact elude any meaningful quantification.

Entirely speculative risks include both the fanciful—for instance, Joy’s (2000)
vision of new omnivorous “bacteria” capable of reducing the biosphere to dust in
a matter of days—and the completely unknown. Clearly, no one can give examples
of the latter, but the likelihood of such unknowable surprises increases as the time
span under consideration lengthens. Still, it is worthwhile to comment on key
speculative unquantifiable risks and assign them to two basic categories of more
and less worrisome events. This division can be based on the best relative ranking
of (guess)timated probabilities, the most likely overall impact of such developments,
or both.

Many critics would argue that discontinuities whose very occurrence remains
speculative belong in the realm of science fiction. The rationale for addressing these
matters here is captured in Tom Wolfe’s (1968) description of U.S. business leaders’
reaction to the quasi-prophetic statements of Marshall McLuhan: What if he is
right?

Several of these speculative concerns were popularized by Joy’s (2000) paper
about the dangers for humanity of three powerful twenty-first-century techniques:
robotics, genetic engineering, and nanotechnology.

The robotics part of Joy’s publication was largely a derivative effort based on the
work of two artificial intelligence enthusiasts, Hans Moravec (1999) and Ray Kurz-
weil (1999), who maintain that robotic intelligence will soon rival human capabil-
ity (fig. 2.1). Kurzweil (2005) placed the arrival of “singularity”—when computer
power will reach 10** floating operations per second, vastly surpassing the power
and intelligence of the human brain—quite precisely in 2045.

We have been promised superintelligent, omnipotent robots for several genera-
tions (éapek 1921; Hatfield 1928). There are no such machines today; even the
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Faster-than-exponential evolution of computing power since 1900 (graphed here as millions
of instructions per second per thousand 1997 dollars) led Hans Moravec to conclude that
humanlike robots should be possible before the middle of the twenty-first century. Adapted
from Moravec (1999).

“intelligent” software installed in IBM’s Deep Blue II in order to play chess against
the world champion Garry Kasparov in 1998 did not show the coming triumph of
machines but merely that “world-class chess-playing can be done in ways completely
alien to the way in which human grandmasters do it” (Casti 2004, 680). And while
computers have been used for many years to write software and to assemble other
computers and machines, such deployments do not indicate any imminent self-
reproductive capability. All those processes require human actions to initiate them,
raw materials to build the hardware, and above all, energy to run them. I find it
hard to visualize how those machines would (particularly in less than a generation)
launch, integrate, and sustain an entirely independent exploration, extraction, con-
version, and delivery of the requisite energies.

Joy’s (2000) most sensational claim concerned the aforementioned omnivorous
“bacteria” that could swiftly reduce the entire biosphere to dust. This claim might
have been modified had Joy acknowledged some fundamental ecological realities
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and considered the necessary resource and interspecific competition checks on such
a runaway scenario. Microorganisms have been around for some 3.5 billion years,
and evolutionary biologists have difficulty envisaging a new one that could do away
almost instantaneously with all other organisms that have survived, adapted, and
prospered against such cosmic odds.

If the biosphere were prone to rapid takeover by a single microorganism, it could
not have become differentiated into millions of species, thousands of them interde-
pendent within complex food webs of rich ecosystems and all of them connected
through global biogeochemical cycles. Symbiosis rather than interspecific competi-
tion has been the most fundamental driver of life’s evolution and survival (Sapp
1994; Margulis 1998; Smil 2002).

There are even more speculative, ostensibly science-based suggestions regarding
civilization’s demise, including the idea that we are living in a simulation of a past
human society run by a superintelligent entity that can choose to shut it down at
any time (Bostrom 2002). Clearly, the mind running this exercise has been a very
patient one because the simulation has been going on for nearly 4 billion years
(unless one dismisses the evidence of the Earth’s evolution and our emergence as
one of its results).

In any case, there is little we can do about the frightening (or liberating: no human
worries anymore) aspects of such scenarios. If the emergence of superior machines
or all-devouring gooey nanospecies is only a matter of time, then all we can do is
wait passively to be eliminated. If such developments are possible, we have no
rational way to assess the risk. Is there a 75% or a 0.75% chance of self-replicating
robots’ taking over the Earth by 2025 or nanobots’ being in charge by 2050? And
if such “threats” are nothing more than pretentious, upscale science fiction, then
they have a massive amount of lower-grade company in print, film, and television
and are good for little else than producing an intellectual frisson.

In this chapter, I look in some detail only at those natural catastrophes that take
place rapidly, in a matter of minutes to months. Global climate change, a natural
event that has commonly been posited as the most worrisome environmental crisis,
can take place rapidly only when measured on an evolutionary time scale. Conse-
quently, its assessment belongs to chapter 4, which deals with unfolding environ-
mental trends.

And I consider only those catastrophes that do not have a vanishingly low prob-
ability of occurring during the next 50 years, that is, those that recur at intervals
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no longer than 10°-10° years and that could change the course of global history
and perhaps even eliminate the modern civilization. This is why I do not give a
closer attention to such very rare events as the Earth’s exposure to supernova explo-
sions or periods of enormous lava flows such as those that created Deccan and
Siberian Traps.

Supernovae are rare, taking place only about once every 100 years in a spiral
galaxy like the Milky Way (Wheeler 2000). The solar system is within 10 parsecs
(3 x 10" m) of a supernova only once every 2 billion years (2 Ga) and the explosion
(typically yielding 10 billion times more energy than the Sun) would flood the top
of the atmosphere with X-ray and very short UV flux about 10,000 times higher
than does the incoming solar radiation. The Earth would receive in just a few hours
a dose of ionizing radiation of 500 roentgens that would be fatal to most unpro-
tected vertebrates. Their 50% effective lethal dose is mostly 200-700 roentgens, but
many would survive given the differences in exposure and specific resistance. Inver-
tebrates and microbes would remain largely unaffected. Terry and Tucker (1968)
calculated that the Earth has received at least this dose ten times since the Precam-
brian, or roughly once every 50 million years (50 Ma), an interval that yields a
negligibly low probability of occurrence during the next 50 years.

Similarly, the periods of massive and prolonged effusions of basaltic lavas accu-
mulating in thick layers are uncommon even when measured on a geological time
scale. The oldest identified episode of this kind (508-505 Ma ago) produced more
than 190,000 km® of Australia’s Kalkarindji basalts and was the most likely cause
of the first major animal extinction (Glass and Phillips 2006). The past 250 Ma
have seen only eight giant plumes of magma penetrating the Earth’s crust and
forming massive basalt deposits. India’s Deccan Traps, containing more than
500,000 km® of basalt, were formed over a period of 5 Ma beginning 65 Ma ago,
and these effusions, rather than an impact of an extraterrestrial body, may have
killed the dinosaurs or at least greatly contributed to their demise (fig. 2.2). And
the Siberian Traps, covering some 2.5 million km* with perhaps as much as 3 million
km? of lavas, were formed about 250 Ma ago (Renne and Basu 1991).

Natural Catastrophes
Natural catastrophes range from relatively common events such as cyclones, floods,

and landslides to less frequent violent releases of energies associated with geotec-
tonic processes (earthquakes and volcanic eruptions, both capable of generating
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Fig. 2.2
Exposed layers of Deccan flood basalt, more than 1 km thick, at Mahabaleshwar, Maharashtra,
India. Photo courtesy of Hetu Sheth, Indian Institute of Technology, Mumbai.

tsunamis) to uncommon encounters of the Earth with large extraterrestrial bodies.
Older data on the frequency and death tolls of natural catastrophes are incomplete,
but recent statistics capture all major events and have fairly accurate fatality counts.
Annual global compilations by the Swiss Reinsurance Company (Swiss Re 2006a)
show that floods and storms are by far the most frequent events; during the first
years of the twenty-first century they accounted for 70%-75% of all natural catas-
trophes. These are followed by earthquakes, tsunamis, and the effects of extreme
temperatures, including droughts, fires, heat waves, blizzards, and frost. However,
in terms of worldwide victims, earthquakes were the worst natural catastrophes
between 1970 and 2005, when they killed nearly 900,000 people, compared to
about 550,000 deaths from floods and cyclones (fig. 2.3).

These compilations also show the expected highly skewed frequency distribution
of fatalities as a single event dominates the annual death toll. Most of the time this
event is a major earthquake (including an earthquake-generated tsunami), and this
dominance has been particularly pronounced during the recent past. In 2003, Iran’s
Bam earthquake was responsible for 80% of that year’s fatalities caused by all
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Death tolls from major natural disasters (at least 4,000 deaths per event), 1970-20035. Plotted
from data in Swiss Re (2006b).

natural disasters; in 2004 the Sumatra-Andaman earthquake and tsunami accounted
for 95% of the total; and in 2005 the Kashmir earthquake’s accounted for nearly
85% of the total (Swiss Re 2004; 2005; 2006a). Relatively frequent events with
localized impacts often cause tens or hundreds, and less commonly thousands, of
fatalities, but the most damaging catastrophes claim hundreds of thousands, even
millions, of lives. The most disastrous cyclone of the twentieth century, Bangladesh’s
Bhola on November 13, 1970, killed at least 300,000 people; the most deadly
earthquake, in northern China’s Shaanxi on January 23, 1556, claimed 830,000
lives; and the Huanghe flood of 1931 claimed at least 850,000.

But the mostly deadly natural disaster of the first years of the twenty-first century,
the Indian Ocean earthquake and tsunami on December 26, 2004 (Lay et al. 2005;
Titov et al. 20035), illustrated that even these massive natural catastrophes do not
alter the course of world history. They generate worldwide headlines, elicit
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humanitarian aid, and have long-term effects on the affected nations, but they are
not among epoch-making events on the global scale. Indeed, one of the half dozen
similarly devastating natural catastrophes that took place during the latter half of
the twentieth century remained an entirely internal affair because xenophobic China
did not ask for international aid following the Tangshan earthquake of July 28,
1976, which killed (officially) 242,219 people in that coal-mining city and surround-
ings but whose toll was estimated as high as 655,000 (Huixian et al. 2002; Y. Chen
et al. 1988).

In contrast to frequent natural disasters that kill as many as 10°~10° people and
that have severe local and regional economic consequences, there are only three
kinds of sudden, unpredictable, but recurrent natural events whose global, hemi-
spheric, or large-scale regional impacts could have a profound influence on the
course of world history. They are the Earth’s collision with nearby extraterrestrial
objects that are large enough to cause death and economic damage comparable to
explosions of strategic nuclear weapons; massive volcanic eruptions (with or without
major tsunamis); and (possibly) voluminous tsunami-generating collapses of parts
of volcanoes sliding into the ocean.

The probability of any of these events’ taking place during the first half of the
twenty-first century is very low (well below 1%), but this comforting conclusion
must be counterbalanced by the fact that if any one of them were to take place, it
would be an event without counterpart in recorded history. The near-instant death
toll would involve 10°~10° people, 1-4 orders of magnitude (OM) greater than for
frequent localized natural catastrophes. Moreover, if these events were to affect the
densely populated core areas of the world’s largest economies, their global impact
would be considerable even if the spatial extent of destruction amounted to only
a tiny fraction of the Earth’s surface.

Encounters with Extraterrestrial Objects

The Earth constantly passes through a widely dispersed (but in aggregate quite
massive) amount of universal debris (McSween 1999). Common sizes of these mete-
oroids range from microscopic particles to bodies with diameters <10 m. As a result,
the planet is constantly showered with microscopic dust, and even the bits with
diameter 1 mm, large enough to leave behind a light path as they self-destruct in
the atmosphere (meteors), come every 30 s. This constant infall (about 5 t per day)
poses virtually no risk to the evolution of life or to the functioning of modern
civilization because these objects disintegrate during their passage through the
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Fig. 2.4
Closeups of large asteroids. The Earth’s collision with asteroids of this size would almost
certainly destroy civilization. Left, composite image of Ida (~52 km long); right, Gaspra
(illuminated portion ~18 km long). Galileo spacecraft images (1993 and 1991). From NASA
(2006).

atmosphere, and only dust or small fragments reach the ground. But the planet’s
orbit is also repeatedly crossed by much larger objects, above all by stony asteroids
with diameters >10 m and as large as tens of kilometers across (fig. 2.4), and by
comets.

The risk of encounters with extraterrestrial bodies was first recognized during the
1940s. It began to receive greater attention during the 1980s, but until the early
1990s no systematic effort was made to comprehensively identify such objects,
assess the frequencies of their encounters with the Earth, and devise possible defen-
sive measures. Known Earth-crossing asteroids numbered 236 at the beginning of
1992 (compared to 20 in 1900), the year in which NASA proposed the Spaceguard
Survey (Morrison 1992), whose goal is to identify 90% of all near-Earth asteroids
(NEAs) by the year 2008. NASA funded and coordinated monitoring began in 1995,
and ten years later the U.S. House of Representatives approved the Near-Earth
Object Survey Act, which directs NASA to expand its detection and tracking
program. These actions have been accompanied by publications assessing the threat
(Chapman and Morrison 1994; Gehrels 1994; ]J. S. Lewis 1995; 2000; Atkinson,
Tickell, and Williams 2000).

The progress in discovering new near-Earth objects (NEOs) has been rapid
(NASA 2007). By the end of 1995 the total number of known objects was 386; by
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Cumulative discoveries of near-Earth asteroids, 1980-2007. From NASA (2007).

the end of 2000, 1,254; and by June 2007, more than 4,100, of which nearly 880
were bodies with diameters >1 km (fig. 2.5). As the findings accumulate, there has
been an expected decline in annual discoveries of NEAs with diameters >1 km, and
the search has been asymptotically approaching the total number of such NEAs.
Consequently, we are now much better able to assess the size-dependent impact
frequencies and to quantify the probabilities of encounters whose consequences
range from local damage through regional devastation to a global catastrophe.
There are perhaps as many as 10’ asteroids orbiting the sun in a broad and con-
stantly replenished belt between Mars and Jupiter as well as a similar number of
comets moving in more distant orbits within the Opik-Oort cloud beyond Pluto.
Gravitational attraction of nearby planets constantly displaces a small portion of
these bodies (remnant debris from the time of the solar system’s formation 4.6 Ga
ago) into elliptical orbits that move them toward the inner solar system and into
the vicinity of the Earth. Several million near-Earth objects cross the Earth’s orbit,
and at least 1,000 of them have diameters >1 km. Because of their high impact
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Fig. 2.6
Oblique aerial view of Meteor Crater in Arizona. USGS photo by David J. Roddy.

velocities, even small NEOs have kinetic energy equivalent to that of a small nuclear
bomb; larger bodies can bring regional devastation, and the largest can cause
a global catastrophe.

Craters provide the most obvious evidence of major past impacts (fig. 2.6) (Grieve
1987; Pilkington and Grieve 1992). More than 150 of these structures have been
identified so far, but it must be kept in mind that most impacts have been lost in
the ocean, and the evidence of most of the older terrestrial impacts has been erased
by tectonic and geomorphic processes. The largest known crater, the now buried
Chicxulub structure in Yucatan with diameter 300 km (Sharpton et al. 1993), was
created 65 Ma ago by an asteroid whose impact has been credited with the great
extinction at the Cretaceous-Tertiary (K-T) boundary (Alvarez et al. 1980). The
most recent impact of an NEO with diameter >1 km took place less than 1 million
years ago in Kazakhstan (NRCanada 2007). Asteroids and short-period comets
make up about 90% of NEOs; the remaining risk is posed by intermediate and
long-period comets that cross the planet’s orbit only once in several decades. The
frequency of NEO impacts declines exponentially with the increasing size of
the impacting objects, and their kinetic energy determines the extent of damage
(fig. 2.7).
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Size, impact frequency, and impact energy of near-Earth asteroids. All four axes are
logarithmic; the band indicates the range of uncertainty regarding the numbers and impact
intervals of objects with diameter <1 km. Based on NASA (2003), Bland and Artemieva
(2003), and Chapman (2004).

Roughly once a year the Earth encounters an extraterrestrial body whose size is
5 m across and whose air burst releases nearly 21 TJ, equivalent to 5 kt TNT (explo-
sive power of 1t TNT is equal to 4.18 GJ). This makes it about one-third as pow-
erful as the Hiroshima bomb; there is no definite number for the explosive yield of
that bomb, but the most authoritative source (Malik 1985) puts it at 15 (£3) kt
TNT. Only if this body’s center of disintegration were right above the U.S. Capitol
during the President’s State of the Union speech would the effect be felt globally.
But the probability of such an encounter is vanishingly small, at least 8 OM smaller
than that of a similar object’s disintegrating at any time above any densely populated

area.
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Stony objects with diameters 10 m are intercepted by the Earth’s atmosphere
every decade, and their entry (at speeds ~20 km/s) discharges energy equivalent to
about 100 kt TNT, roughly seven times the energy released by the Hiroshima bomb.
As these bolides disintegrate during atmospheric deceleration, a fireball and a shock
wave are the only phenomena felt on the ground within a radius of 10> km around
their entry point. Brown et al. (2002) used data from a satellite designed to detect
nuclear explosions in order to identify light records of bolide detonations (objects
1-10 m in size) in the atmosphere. From these observations they concluded that on
average the Earth is struck by an object with diameter 50 m (equivalent to 10 Mt
TNT) every 1,000 years.

The probability of such an impact is thus about 5% (uncertainty band of about
3%-12%) during the next 50 years, and its effects would be similar to those caused
by the famous Tunguska meteor of June 30, 1908. Atmospheric disintegration of
that stony object released energy equivalent to 12-20 Mt TNT, produced a shock
wave that flattened trees over an area of about 2150 km? but killed nobody in that
unpopulated region of central Siberia (Dolgov 1984). If a similar object were to
disintegrate over a densely populated urban area, it could cause great damage. Its
explosion about 15 km above the ground would release energy equivalent to at least
800 Hiroshima bombs and result in 10° casualties and $10"" of material damage.
But the chances of such an event are roughly 2 OM smaller than the probability of
hitting an unpopulated or thinly inhabited region because densely populated areas
cover only about 1% of the planet’s surface.

As was clearly demonstrated by the contrast of casualties in Hiroshima and
Nagasaki, the actual destruction would depend on the physical configuration of the
affected area. Hiroshima, with a bowl-like setting that acted as a natural concentra-
tor of the blast, had about 40% more fatalities and more destruction from a 15-kt
blast than did Nagasaki from a 21-kt explosion (CCM 1981). Another complicating
factor is that a Tunguska-like blast may not be a point-source event (similar to a
nuclear bomb) but rather a plume-forming event (similar to a line of explosive
charges) and hence could be caused by much less powerful objects (NASA 2003).

Asteroids with diameters =100 m reach the atmosphere once every 2,000-3,000
years, and their energy (equivalent to >60 Mt TNT) is as large as the yield of the
largest tested thermonuclear devices. Hills and Goda (1993) calculated that stony
objects with diameters up to ~150 m will release most of their energy in the atmo-
sphere and will not hit the surface and create impact craters (however, heavier
metallic objects of that diameter might penetrate). Stony objects with diameter
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>150 m hit the Earth once every 5,000 years, and their terrestrial impacts create
only local effects, small craters with adjacent areas covered by ejecta. Using as a
reference point a stony body that produces only air blast to 220 m diameter, Bland
and Artemieva (2003) estimated that bodies with a larger diameter would hit the
Earth once in 170,000 years. There is broad consensus that the threshold size for
an impact producing a global effect is a body with diameter at least 1 km and pos-
sibly closer to 2 km.

Toon et al. (1997) concluded that only bodies with kinetic energies equivalent
to at least 100 Gt TNT (diameters >1.8 km) would cause global damage beyond the
historic experience, and objects with diameters between 850 m and 1.4 km (energy
equivalents of 10-100 Gt TNT) would cause globally significant atmospheric water
vapor injection and ozone loss but would not inject enough submicrometer par-
ticulates into the stratosphere to have major, longer-term climatic effects. A 1-km
body (density 2.5-3.3 g/lcm’, velocity 20-22 km/s) colliding with the Earth would
release energy equivalent to about 62-105 Gt TNT, almost 1 OM more than the
energy that would have been expended by an all-out thermonuclear war between
the two superpowers in 1980 (Sakharov 1983). A 3-km asteroid would liberate
energy equivalent to about 2 Tt TNT, possibly enough to terminate modern civiliza-
tion regardless of where the asteroid hit (fig. 2.8).

The consequences of a collision with a 1-km body would depend greatly on the
impact site. Odds are roughly 7 : 3 that the object would hit the ocean and damage
the land indirectly by generating tsunamis, but a terrestrial impact would create a
crater with diameter 1015 times the object’s size and pose an unprecedented threat
to the survival of civilization. Such a collision would vaporize and fragment both
the projectile and the impacted area, and enormous masses of dust would reach the
stratosphere. While the larger dust fractions would rapidly settle, submicrometer-
sized particles would remain in the atmosphere for weeks to months.

Simulations using the global circulation model show that ocean heat storage
would prevent a global freeze even if the impact were equivalent to the K-T event
(with kinetic energy perhaps as high as 1 Pt TNT) but that surface land temperatures
would drop by more than 10°C and still be some 6°C lower a year later (Covey et
al. 1994; Toon et al. 1997). In addition, hot ejecta would produce significant
amounts of nitrogen oxides, whose presence in the stratosphere would degrade (and
in extreme cases, largely destroy) the ozone shield that protects the Earth against
UV radiation. A 1-km object would have much less effect because it would not
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Expected fatalities from impacts of near-Earth objects. From Morrison (1992).

generate enough dust to cause temporary planetwide darkness and shut down pho-
tosynthesis.

At least 10 Gt of submicrometer-sized dust would be required to make the
minimum amount of light unavailable for photosynthesis (Toon et al. 1997), but
using the analogy of a ground-level nuclear explosion—which produces about 25 t
of submicrometer-sized dust per kt of yield (Turco et al. 1983)—means that a 1-km
body would produce only about 1.5 Gt of fine dust, 4 OM less than a K-T-sized
object (25 Tt). Moreover, Pope (2002) questioned the assumptions regarding the
fine dust fraction in the ejecta produced by the K-T impact. Pope’s calculations,
coupled with observations of the deposited coarse fraction, indicated that a minor
share was laid down as submicrometer-sized dust and that little debris diffused to
high southern latitudes. These conclusions invalidate the original attribution of K-T
extinction to the shutdown of photosynthesis by submicrometer-sized dust. Pope
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calculated that the impact released only 0.1% (and perhaps much less) of the total
amount as fine dust (but his conclusions were questioned as unrealistic).

In any case, it is impossible to quantify satisfactorily the actual effect because fine
dust would not be the only climate-modifying factor. Soot from massive fires ignited
by hot ejecta and sulfate aerosols liberated from impacted rocks could each have
as much c