\(

A G

A

- What are the real daners, if any, i

taxic chemicals, the greenhouse eftect,
lcrowave radiation, NUCLeAP power,

air treavel, auto

obile travel,

carcinogens of all kinds,
and other threafs to

our peace of mind?

LW LEWIS

Winner of the Science Writing Award of the
American Institute of Physics




TECHNOLOGICAL RISK

H. W. Lewis

We are surrounded by technology: is it as dangerous as many of us think? How real
are the risks of pesticides, acid rain, global warming, and nuclear power? Are our
regulatory agencies giving us adequate protection? Here is the latest and most
authoritative scientific information—everything the intelligent reader needs to
form his or her own judgments—in clear, nontechnical prose, with the most
important current examples.

“Occasionally a volume on some controversial issue comes along that is so bal-
anced, so sensible, so down-to-earth, it clears away all the fogs and miasmas
surrounding the question and leaves people a little smarter than they were before.
H. W. Lewis’ Technological Risk is such a work.”

—Barry Gewen, The New Leader

“A valuable, clearly written appraisal. . . . Should be widely read.”
—John Allen Paulos, New York Times Book Review

“A first-rate text on the art and science of risk measurement and manage-
ment. . . . Offers a breath of fresh air to blow at the artful dodgers who pooh-pooh
any risk and the Forever Fearful who would avoid risks at all costs. . . . Three
cheers to Lewis for leading us down the straight and narrow.” — Kirkus Reviews

“A stiff, rational breeze in a debate which has hitherto been stultified with muddy
thinking and political hidden agendas.”
— William H. Press, Professor of Astronomy and Physics, Harvard University

= W. Lewis is a professor of physics at the University of California, Santa Bar-
arz, @nd has chaired numerous government risk-assessment committees on de-
lzmse. moclear power, and other matters.

v g By K=vin O Neill

5119

T

NEW YORK « LONDON $11.95 USA
$15.99 CAN.

W-W-NORTON




Technological Risk

H. W. Lewis

W-W: Norton & Company - New York - London




Copyright © 1990 by H. W,
All rights reserved.

Lewis

Printed in the United States of?America.

Library of Congress Cataloging-in-Publication Data

Lewis, H. W. (Harold Warren)
Technological risk / H. W. Lewis.
TP cm. -
1. Technology—Risk assessment. 1. Title.
: T174.5.148 1990
363.1—dc20 90-30460

- ISBN 0-393-02883-6

W. W. Norton & Company, Inc., 500 Fifth Avenue, New York, N.Y. 10110
W. W. Norton & Company, Ltd., 10 Coptic Street, London WCIA 1PU

- 234567890




Part1

—_ .
OO0 JANWUNPBA WRN -

Part 2

11
12
13

Contents

ACKNOWLEDGMENTS
INTRODUCTION

Generalities

The Risks of Life

The Measurement of Risk

The Perception of Risk

The Politics of Risk

The Assessment of Risk

The Management of Risk

The Value of Life

How Safe Is Safe Enough?
Uncertainty, Causality, Detectability
The Delusion of Conservatism

Specifics

Toxic Chemicals
Chemical Carcinogenesis
Highway Safety

12
26
42
50
69
82
92
100
111

123
138
168




Contents

Air "@nsportation
Ionizif?igg Radiation
Fossil Fuels

Nuclear Winter
Non-Ionizing Radiation

Coda

Just Enough Statistics and Probability
Epilogue: What Does It all Mean?

INDEX

185
218
254
280

290

305
332

339




Acknowledgments

Over the last fifteen years so many people have helped
me learn about risk that it would be impossible to name
them. It was Pief Panofsky who, as president of the Amer-
ican Physical Society in 1974, tempted me into this career
deviation by asking me to chair the Society’s study of reac-
tor safety. It was Robert Oppenheimer who, as my major
professor and friend many years ago, set such an extraordi-
nary model for the breadth of knowledge necessary to take
on real applications of physics. Theoretical physics in the
years after World War II would have been far poorer had
he not been around.

Among those who have read and criticized parts of
the manuscript, I owe special thanks to Bill Press, who
read it all; Bill Anders and Charlie Miller, who read the
chapter on air safety; the group at the General Motors
Research Laboratories—Bob Frosch, Dick Schwing, and
Len Evans—who read the chapter on highway safety; Joe
Keller and Alice Whittemore, who read the chapters on
toxic and carcinogenic chemicals; and Dick Wilson, who




viii Acknowledgments

read the chapter on fossil fuels. What errors remain are,
of course, mine.

My editor, Ed Barber, actually read the manuscript
in detail, and demonstrated how much I still have to learn
about writing. Somewhere he has learned to criticize with-
out giving offense, and I am in his debt.

Finally, many acknowledgments end with thanks to
the author’s family for having endured the distractions
and strange hours that go with writing (especially for peo-
ple with other real jobs), but I had always thought those
thanks were simply courtesies. They aren’t.




Introduction

We are obsessed with risk, especially in the novel forms
brought to us by science and technology. Risk has become
a major political and social issue, provoking widespread
uneasiness about scientific progress; demagogues thrive in
such an atmosphere.

Yet the risk is real, as are the benefits. We live our
lives surrounded by the miracles of modern chemistry, yet
we are preoccupied with chemical contamination. We use
clean electricity from nuclear power plants, yet fear the
prospect of a nuclear accident. Our lives have been dra-
matically extended by vaccines against many of the former
scourges of mankind, yet the few cases in which a vac-
cine has done more harm than good are widely publicized,
and concerned parents often refuse to immunize their chil-
dren against known diseases. Commercial aircraft speed
increasing numbers of us across the country in a matter
of hours, ten times more safely than we could drive the
same distance, yet fear of flying lingers. Fluoridation of
our drinking water is making tooth decay a thing of the
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X Introduction

past, yet fear of chemicals deprives much of the nation of
the benefits of fluoridated water.

We are both beholden to technology for ennchment
of our lives and suspicious of the associated risks—espe-
cially when they are unfamiliar. It is an uneasy cohabita-
tion. It would be good to know the price, including risk,
that we have to pay for the benefits, but both risk and
benefits are hard to estimate, even for dedicated experts.
In all those mentioned above there are genuine benefits
and genuine risks. Because they are not easy to balance
we often do the job badly, accepting unnecessary risk in
some more familiar forms, while grossly exaggerating it in
others. Most people would probably agree that there is
no point in exposing ourselves to a risk for which we get
nothing in return, and probably even agree that we ought
to accept great risks if the stakes are high. The history
of the human race would be dreary indeed if none of our
forebears had ever been willing to accept risk in return for
potential achievement. Risk is part of the price we pay for
growth, as nearly all parents know.

Just as there are trivialities that scare us witless, so are
there real risks that don’t bother us. Many agonize over
the possibility that, in a thousand years or so, high-level
nuclear wastes in geologic storage may leak (the current
EPA standard requires no leakage for ten thousand years),
while paying almost no attention to the fact that, every
year, about a thousand Americans are accidentally elec-
trocuted. No mass demonstrations oppose electricity, no
rock concerts ring with speeches clamoring for lower distri-
bution voltages, even though reduced distribution voltages
would make an accidental shock less harmful. (Most of
the world uses higher domestic distribution voltages than
our 110 volts, with consequent economic gains.) Light-
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ning kills abou: = fwmm=s Americans each year, yet the
sale of lightninz ~wds & %= Fom a sure road to riches.
The most egregious evam 7= of a risk only beginning to be
taken as seriously as i+ omeht o be is smoking, which kills

nearly four hundred thousand Americans each year, well
over a thousand a day, often unpleasantly. One out of five
American deaths is from smoking. To be sure, in the more
than twenty years since the Surgeon General issued the fa-
mous report that certified that smoking causes lung cancer,
smoking rates in the United States have gradually turned
around, peaking in 1971, but we are dragging our feet.
Incomprehensibly, many doctors still smoke, along with
nearly 30 percent of the adult population of the United
States. If we spent as much per untimely death caused by
smoking as we do on coal mine safety, there would be nc
money left in the United States for any other purpose—it
would require the entire gross national product. We even
cough up over $30 billion per year just to buy cigarettes.
That’s still less than the estimated $100 billion we spend
on illegal narcotics, about which no more will be said.

In fact, cigarette smoking, though declining in the
United States, is growing as a world problem. In the Third
World it is growing at a faster rate than the population,
and in Africa almost twice as fast. Perhaps the same social
forces are at work that are present here, where smoking is
more prevalent among the less well educated than among
the more educated, among blue-collar workers than among
white-collar workers, among blacks than among whites,
and so on.

This book is meant to improve public appreciation of
the difficulties of risk assessment and management, and
to contribute to public understanding of the issues. It
is aimed at intelligent readers, not specialists. Though



xii k Introduction

there are many forms of risk, the book is confined to the
risks connected with progress in science and technology.
The other threats to life are important—they dominate the
mortality (death) and morbidity (sickness) statistics—but
they are not the subject here.

Many of the risk-related issues, like the value of life
or the problems of the regulation of risk, don’t depend
much on the specific form of technological risk under con-
sideration. These matters are dealt with in Part I. On the
other hand, there is no better way to learn than by ex-
ample, so Part II is a potpourri of specific cases, treated
in greater detail, and grouped in families with common
feztwres. Part II is meant to satisfy the craving for real
sssues that has been built up in Part I. The collection is
far from complete, but each example is chosen to be of
current interest, and to illustrate some point made ear-
lier. Finally we have to recognize the unfortunate fact
that no deep appreciation of risk can be developed, partic-
ularly with respect to the likelihood of rare events, with-
out some minimal knowledge of statistics and probability.
Part III contains the necessary lore, aimed at an inquisi-
tive reader with a grounding in high-school mathematics.
No one should be ashamed of using numbers. Part III also
contains a kind of summing up.

Something must be said about timeliness. It is tempt-
ing to seek timeliness, but research and legislative and reg-
ulatory change make it impossible to be entirely up to date.
Further, there is an argument against going too far in the
direction of currency, since newly discovered information
that has not stood the test of time may later turn out to
have been wrong—that happens routinely in science. To
be up to date is to be quickly out of date. This book will
be reasonably, but not entirely, up to date.
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Concern 25w sesmuiineical risk is a function of both
location and time & & & ==iztive newcomer on the scene,
most visible among te muer= developed nations. The point
of departure here will ke unabashedly American, both
through the examples chosen and the discussion of the reg-
ulatory forces at work, though variants of the issues and

the examples can be found throughout the world.

We should also be honest about the significance of
risk compared to the other threats and challenges facing
mankind. Though technological risk is important, it is far
from the most important subject. When doom comes to
our species it will not be from trace chemicals in our air
or water, nor from a nuclear accident. As T. S. Eliot fore-
saw, the end is less likely to come with a bang than with
a whimper. We should reflect occasionally on the impli-
cations of the fact that the earth is grossly overpopulated
and becoming more so, especially in the Third World. The
First World is not insulated from the economic and pop-
ulation problems of the Second and Third Worlds; we’re
all in this together. The term “spaceship Earth” has been
coined to describe this state of affairs, and the time scale
for solving the population problem is one or two gener-
ations. It cannot go on this way, and the die is already
cast.
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1
The Risks of Life

Fear and risk are different creatures. What some of us fear
most—poisons in our drinking water, radiation in our air,
pesticides on our food—pose hardly any real risk, while
some we fear least—driving, drinking, and smoking—kill
many hundreds of thousands each year.

And risk isn’t all bad. Personal development is im-
possible without risk—how would anyone learn to ride a
bicycle? On a larger scale, evolution would be impossible
without the risks and challenges that strengthen species.
For better or worse, we would never have become the crea-
tures we are without the risks to which our forebears re-
sponded.

This chapter is devoted to collecting the known facts
about the threats to life in the United States, to set the
framework for the rest of the book. Later we'll concentrate
on technological risk.

For now let’s think of risk as the chance of death be-
fore our allotted time. Of course death is inevitable for us
mortals, so it may seem odd to use a certainty as a measure
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of risk. Alternatives are sometimes used, like the number
of years or days or minutes by which a life is unnaturally
shortened. By the first measure, death ten years too soon
is treated as no worse than death five years too soon; by
the second, it is counted as twice as bad. Some contend

while some (like Robert Browning) argue otherwise. Chap-
ter 7 will deal more deeply with the contentious subject
of the value of life. When a famous comedian reached the
age of fifty, and people began to speak of him as middle-
aged, he is alleged to have said that he would feel better
about it if he knew a few more hundred-year-olds. In fact,
about 1 percent of us will live to be a hundred, and more
than 80 percent of those are likely to be female. For the
moment, the chance of premature death is an adequate
definition of risk.

The average expectation of life in the United States
has been rising steadily for many decades. An American
born in 1920 could expect a life span of fifty-four years—
females a year more than males—while by 1985 the life ex-
pectancy had risen to seventy-five. The worldwide average
is about sixty. The premium for being female in America is
now seven years, and decreasing. Our life expectancy has
therefore gone up over the last sixty-five years by about
four months for each year. If this were to go on for the next
seventy-five years, the average American would live to be a
hundred, and the recent crisis over the solvency of the So-
cial Security fund would appear in retrospect to have been
child’s play. The increase in longevity is mainly a result of
the conquest of some real scourges of the young, through
medical advances and public health measures. Infant mor-
tality in the United States has been cut in half in the last
twenty years, a dramatic improvement that still leaves us
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behind twenty orher ndipsmmmlved countries. There has
been a smaller imrepwemmenr 2= the more advanced ages,
where the average re= “oims = 2t age fifty has only been
going up at a rate closer +o = month per year, and is now
about twenty-eight years T- z=t to age fifty, the most im-
portant step is to get to age one: 95 percent of those who

make it that far can expect to live the remaining forty-nine
vears.

The difference between young and old in terms of im-
provement in survival prospects is even more evident if we
go still further back in time. When the Constitution took
=Zect in 1789, over two hundred years ago, life span data
w=re kept in Massachusetts. At that time, and in that
piace, the expectation of life at birth was about thirty-five
¥=ars, compared to seventy-five today. By contrast, the
remaining life expectancy at age sixty was fifteen years in
those days, and has now climbed to twenty. For old folks,
the prospect of a long life ahead is not so much better now
than it was then. Of course, people who made it to sixty in
the late eighteenth century must have been pretty tough.

When we finally do pass on to the ultimate resting
place, what is the cause? The table on the next page lists
the leading causes of death in 1985, while the graph dis-
plays the age distribution of the major contributors. The
items in parentheses in the table are the major subcate-
gories of the previous item, so that, for example, nearly
half of all fatal accidents are associated with motor vehi-
cles.

The table reflects a kind of snapshot in time, and is
not a prediction of the future, if only because our popu-
lation mix is not stable. There are nearly twice as many
births as deaths in the United States. SO We are a young
crowd, and will stay so for some time to come. That affects
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Cause Number
Cardiovascular diseases 978,000
(Heart disease) (771,000)
Malignancies 462,000
(Lung, respiratory, etc.) (127,000)
Accidents 93,500
(Motor vehicle) (45,900)
Pulmonary diseases, chronic 75,000
Pneumonia 68,000
Diabetes 37,000
Suicide 29,500
Liver disease 27,000
Homicide (including police) 20,000
Other
Total 2,086,000

Major causes of death in the United States in 1985
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Age dependence of various causes of death in 1985




the table by givine s weEns <o diseases that primarily
afflict the young. For instae the figure below the table
shows the peak age for cammes deaths at seventy-two, while
that for heart dp,~<; = engaey. so the latter will increase
in importance as the population ages. (People don’t think
of cancer as a comparatively voung persons’ disease, but
it is.) The accidental deaths are represented by the lowest

curve on the figure, are dominated by traffic accidents, and
2% at age twenty. (Suicide is the second-largest killer of
..... ricans between fifteen and thirty-five.) As subcate-
zomes of non-auto accidents, though we haven’t shown a
"2z for this, drownings and poisonings are most impor-
“z2 In the twenties and thirties, while falls, the second
=est important cause of accidental death, are most im-
swsmant for those over sixty, peaking in the eighties. Al
it these age-dependent effects will affect the relative im-
sortance of the various causes of death in the future. Sc

I medical research, which will conquer current diseases.
a:d biological dynamics, which will create new ones. In
1900 the leading cause of death in the United States was
tuberculosis, a disease that is now responsible for less than
one death in a thousand. And AIDS was unknown.

Note also that the graph is a display of the total num-
ber of deaths of each type in 1985, and is not the death
rate. The fact that all the curves show a peak followed by
lower values at the more advanced ages doesn’t mean that
we develop an immunity to death as we get older, only
that there are fewer of us left around to die. Only about
5 percent of our population is over the age of seventy-five,
proportion that would increase to 8 percent if we had
stable population with the current mortality rates. Yet
the ratios shown on the graph tell us a great deal about
relative risks. Thus, at age sixty cancer and heart disease

8%}

58
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kill about the same number of us, while by age ninety heart
disease kills five times as many as cancer.

Not only do most of these causes of death depend on
age, they are also specific to the United States at this time.
The suicide rate in Austria is twice as high as ours, and
that for Italy half as high. The death rate from heart
disease is a third as high in France, and a fifth as high in
Japan. The death rate for stomach cancer is almost four
times as high for the Japanese. The table is truly a cut in
both space and time, and not the permanent condition of
the human race.

The obvious messages are that the real killers in our
society are circulatory diseases and cancer (responsible
for 47 percent and 22 percent of all deaths respectively
in 1985), and that technology has contributed very little
to the fatality rate. To be sure, handguns are used in
about half of the murders in the United States, and one
in a hundred of us is doomed (statistically) to be mur-
dered, but handgun technology hasn’t changed as much
in recent decades as has handgun proliferation. Handguns
don’t represent technological risk in the way that possible
chemical and nuclear accidents do. On the other hand, it
is fair to ask whether technology plays a role in the in-
crease in cancer rates in recent decades, or whether the
aging of the population is responsible. We owe technology
for much of that longevity. Even there, the age-adjusted
fatality rate has been decreasing for some time for nearly
all types of cancer. There are outstanding exceptions for
lung and respiratory cancer, where the undoubted cause
is smoking. Only fanatics and tobacco merchants con-
tinue to deny this. Just as an example, the death rate
(per hundred thousand) for such cancers, for women aged
fifty-five to sixty-four, has increased by more than a fac-
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tor of five in twemss S sms=< from seventeen in 1960 to
ninety-four in 1 Tlese ar= women who started smok-
ing after World War 10 5 e= = became fashionable to de
s0, and the risk was waclear  This is the price for that
token of emancipation—1 mnz cancer is now a bigger killer
than breast cancer for such women. Of course, women still
have a long way to go before they catch up with men in

smoking mortality. The fraction of males who smoke has
cecreased about 35 percent in the last twenty-five years;
for females the decrease is much smaller, about 15 percent
for the same period. Among high-school seniors, more fe-
=z_=s smoke than males. For people without a high-school
~o.oma, smoking has hardly decreased at all. There is 2
sacial aspect to smoking.

Technology contributes most to our mortality table
tarough motor vehicle accidents, since they would cer-
tzinly not have occurred if the automobile had not been
mvented. Yet travel by horse over comparable distances
would have been riskier, so even the automobile proba-
bly saves lives. Of course, this cannot be proved, because
people would never have traveled as much on horses or on
foot. Even now, we are more likely to be killed by a car
(per mile traveled) when walking than when we are driv-
ing. It has been observed that if we really want to save
pedestrians’ lives, we should put them in cars.

Other widely feared technological hazards, like nuclear
power, simply don’t appear in the table because they cause
so few fatalities. In the case of nuclear power, the fear is
of a catastrophic event, so the fact that no one was killed
by nuclear power last year is not especially persuasive to
the fearful. There is a whole class of risks which appear
as the remote probability of a calamitous event, and the
rational treatment of such risks—to neither overplay nor
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underplay them—:s not trivial. We do rightly worry about
a major nuclear zccident, of which there has been at this
writing just the one at Three Mile Island in this country,
which killed no one, and the one at Chernobyl in the So-
viet Union, which has killed thirty-one so far; we do worry
about large airplane crashes, of which there are typically
one or two per year; we do worry about devastating earth-
quakes, which occur less than once per generation in the
United States; we do worry about the collapse of a large
dam, and so on. Some even worry about visits from alien
civilizations, less likely than any of the above. The chal-
lenge is to do our worrying constructively, without para-
lyzing our civilization.

In addition to all these rare but familiar eventuali-
ties, there are the truly apocalyptic technology-based risks,
whose damage lies in the distant future. The burning of
coal and oil has combined with massive deforestation of
the earth, the latter to accommodate the spread of popu-
lation (there are more of us, we need room to live, and we
have an inclination to eat), to cause a steady and easily
measurable increase in the carbon dioxide content of the
atmosphere. No one doubts that this will affect the cli-

mate, but we are not sure by how much. or when, or what
the effects of the climate change will really be. It may
or may not be true, for example, that worldwide flooding
of coastal regions, from the melting of the Antarctic and
Greenland ice caps, is in the cards. Thoush some melting
would inevitably accompany a worldwide w=rming trend,
we cannot yet predict just how much.

The same is true of health effects from Suorocarbon-
induced ozone depletion of the atmospher=. or the poorly
quantified climatic effects of nuclear war (the so—called nu-

clear winter), or a number of other grand-scale risks. All
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2
The Measurement of Risk

Webster’s Unabridged New International Dictionary (the
revered Second Edition) says that risk is “hazard; danger;
peril; exposure to loss, injury, disadvantage, or destruc-
tion.” It distinguishes risk from hazard by suggesting that
a risk is more often voluntary, a hazard the product of
chance. Hazard itself is an old game, of which craps as we
know it is a simplified form, and is defined in the (equally
revered) Ozford English Dictionary as “a game at dice, in
which the chances are complicated by a number of arbi-
trary rules.” These definitions contain the essentials of
risk, combining the idea of loss with that of chance or
probability. The latter is crucial, since the inevitable may
be unpleasant, but it lacks the element of chance and is
not risk. Death and taxes are presumed to be inevitable.
Only efforts to evade the latter are risky, though the risk
is accepted by many in return for potential gain.

Mathematicians define probability as a number be-
tween zero and one (a fraction, if you like) that measures
the chance that something will happen. A probability of

12
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One means an even: i= = sws= thing, while a probability of
zero means it is impossitie & probability of 1/2, or 0.5,
means it is likely to happen about half the time, a tossup.
or even money. In everyday life, people rarely speak of

probability in this sense, but they do speak of odds, and
they even gamble. To say that the odds are two to one
that a given team will win a football game means that the
chances of winning are two out of three, and of losing, one
out of three. The probability of winning is thus two-thirds
or 0,667, a number between zero and one. Odds and prob-
=hility are always related in this way, so a probability of
201 can be thought of as ninety-nine to one odds against.
1la=t people are more comfortable with the idea of odds
== with probabilities, presumably because of the experi-
==ce most of us have had with gambling. In fact the mem-
2=7s of our society with the deepest practical knowledge of
orobability may well be the professional gamblers. They
imow far more than the amateur gamblers, who squander
their substance on illusions like “winning streaks” at dice
and lucky numbers at horse races. According to a recent
poll, half of the American people believe in lucky numbers.

There are four broad categories of risk, covering most
cases.

1. The familiar high risks, which exact a large toll, and on
which we have good information. Driving and hang-
gliding are reasonable examples.

large that they must be taken seriously. An example
might be a large earthquake.

3. This category might be considered an extension of
the second—events whose probability is so very low
that they have never happened at zll, vet, but whose
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prospective consequences are so aw u. that they de-
serve attention. An example might be a major de-
structive change in the climate, as = consequence of
atmospheric pollution.

4. Finally a collection of substantial risks which, though
real enough, are hard to evaluate because they show
up as increases in naturally occurring hazards. Ex-
amples might be any of the cancers caused in part
by environmental contaminants, where the additional
incidence is hard to separate from the “natural” rate.

An example of the first category—familiar risk—might be
the chance of demise in an automobile accident, while driv-
imz from Los Angeles to San Francisco and return. So
many have done this, and so many have regrettably per-
ished along the way, that the odds of survival are known.
Average statistics show that there are about three tril-
lion passenger-miles accumulated in the United States each
year, in passenger cars, with about 45,000 fatalities due to
all forms of motor vehicle travel. Only(!) about 25,000 of
these are actually occupants of passenger cars—we’ll see
all the categories in Chapter 13—so the chance of getting
killed is just about one in a hundred million miles of travel,
for an average occupant.

The trip is about four hundred miles each way, so the
risk of untimely death is about a chance in a hundred
thousand. About one in forty thousand Americans dies
each day, so the incremental risk of death from the trip is
equivalent to the normal likelihood of dying in somewhat
less than half a day. The risk seems acceptable, and there
are mighty few who would make the risk estimate before
setting out on the trip. Further, each driver is inclined to
consider himself (or herself) so skillful that nothing can
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conceivably happer. Zesiies when we have done some-
thing successfully for = lume i== we become complacent.
It’s a truism that no living driver has had the direct expe-
rience of being killed in an swtomobile accident, and lack
of firsthand knowledge affects our attitudes.

We worked this out in some detail, just to show how
this kind of well-known risk is calculated when there is long
experience and a wealth of information. There was no need
to even use the nationwide statistics, since that particu-
lar trip is taken so often that specific data are available.
The calculation could even have been subdivided accord-
ng %o young drivers or old drivers, male drivers or female
Zrivers, freeway or scenic route—all the relevant informa-
iom is available. These common risks are easy to analyze,
s=cause we have the data.

Estimates of the consequences are more difficult, in-
wolving highly personal questions of value, which most
people prefer to avoid. For example, a typical accident
insurance policy available at airports doesn’t only insure a
passenger’s life. It pays the same benefit for loss of life as
for the loss of any two items from a list consisting of one’s
hands, feet, and eyes, but only half the benefit for the loss
of one item from the list. While gruesome, that implies
that someone has made a judgment about the value of
these body parts to the average airline passenger, and has
equated eyes to feet, etc. (People haven’t always thought
that such tradeoffs were appropriate. In Exodus, the Bible

says, “life for life, eye for eye, tooth for tooth, hand for
hand, foot for foot ....")

It is not easy to assign value to such losses. When
dealing with tangibles, like property. it is useful to speak
of replacement cost, or repair cost, or some such measure,

but that kind of estimate tends to lose its cogency when
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applied to things that cannot be replaced or repaired. (It is
relatively easy to replace people, but impossible to replace
specific people.) A passionate debate therefore rages about
the value of life, or even the value to be assigned to those
irreplaceable items that contribute to the quality of life.
What is the value of a beautiful sunset, or of an ancient
redwood grove, or of Yosemite, or of Aunt Martha?

In any case, for the first category of risk—the common
and familiar threats—the probabilities are available from
statistical analysis of a surfeit of data, and assessment of
the consequences is difficult only because matters of sub-
jective judgment are often involved. Is a foot really equal
%0 2 hand or an eye? What is it worth to be able to walk
zcross a street safely—more than eight thousand pedes-
irians get killed each year. Should there be traffic lights
and crossing guards on every corner in each town with a
population over ten thousand? A thousand? A hundred?

This question and the sunset question lead us to an im-
portant and widely misunderstood point. There are those
who argue fervently that there is no limit to the resources
we ought to expend to preserve life, and they take a dim
view of risk analysts who try somehow to make an assess-
ment of both sides of the equation. To do so does require
putting a monetary value on a life, a limb, and on a beauti-
ful sunset, so that we can judge how much to spend to pre-
serve them. Money is, after all, our medium of exchange;
its purpose is precisely to make it possible to trade in the
value of things without bartering the things themselves.
Yet analysts who try to set a value on life can expect a tor-
rent of abuse for just making the effort. (When the Ford
Motor Company did such an analysis for the threat of fire
from collisions involving the Pinto fuel tanks, and decided
that the value of the potential lives saved equated to an

” o
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expenditure of about $11 zer car, they were excoriated. It
was not that the number shes chose for the value of life—
$200,000—was too small = was that they had dared to
set any value at all.) The standard expression used by op-

ponents of risk/benefit analysis is that one is “comparing
apples with oranges,” which they believe impossible.

Actually, that unveils the flaw in the argument. Given
2 fruit bowl containing both apples and oranges, few of us
=11 have much trouble making the choice. Given a shop-
ping expedition to the supermarket, only the unusually in-
Zecisive shopper will have a problem. One could even test
somsumer response to different relative prices of apples and

arznges, just to see which they like best, and indeed fruit
=e=rchants and supermarkets do that, so they can sell both
sommodities. The price represents a combination of rela-
=ive cost to the seller and relative desirability to the buyer
== it should. Of course these value judgments are subje jec-
tive; we are, after all, not machines. We make choices, and
are often hard-pressed to defend them on logical grounds.
So what?

The same point can be made about the need for traffic
lights. Our society doesn’t actually behave as if the lives
of pedestrians were priceless. We allocate a certain level
of resources to our democratic government, and that gov-
ernment allocates a certain fraction of those resources to
traffic lights, after which we all accept the residual risk.
Though the world is full of people who pontificate about
the preciousness of life (and of course we zll feel that way
about the lives of those near and dear to us), we simply
don’t act accordingly.

The second category of risk is harder. Here the risk
is real, but the probability so low that experience pro-
vides little guidance, yet the consequences are potentially

1v
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so high that we are rightly concerned. Consider the chance
of a major earthquake in Southern California, where this
author lives. We know from occasionally exciting expe-
rience that we live in an earthquake-prone area, riddled
with faults (cracks in the earth), and are smugly superior
when visitors from the East are terrified by our routine
small quakes. Major devastating quakes like the 1906 San
Francisco disaster don’t happen often, but are inevitable.
Earthquakes are caused by the steady movement of the
great tectonic plates of which the crust of the earth is
made, and cannot be prevented. We can limit the damage
they cause by building more resilient buildings, by research
which can lead to improved understanding and perhaps
=ven reliable warning, by improving emergency response
capability, by public education, and so forth. All of those
measures involve costs, and our willingness to incur these
costs ought to depend on the probability that the event
will occur in some reasonable time. We get our estimates
of the probability from limited experience, and from theo-
retical understanding, neither of which is a precise guide.
As a practical matter, we simply wait.

But we do try to expand our knowledge. We do as
much research on the underlying causes as the country is
willing to support, so that the sparse data can be used
most effectively to make predictions. We have models, al-
beit imperfect, of earthquakes and floods and other natural
phenomena, and reasonable estimates of their frequency.
Since it has now been nearly a century since the last mas-
sive earthquake on the San Andreas fault in California,
and since the internal stresses along the fault can be mea-
sured and are increasing, it is truly only a matter of time
until there is a major event. (When this was first written,
the California earthquake of 1989 had not yet occurred. It
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was small compar=: =o “2e 1906 earthquake, and we are
still waiting for the “%iz cme”) We don’t know where it
will occur on the fault. when it will occur, or how much
havoc it will wreak. Both the probabilities and the con-
sequences are uncertain, and under those conditions we

tend to do very little. At the University of California in
Los Angeles a faculty committee estimated a few years ago
that a number of the older buildings might not withstand
= major earthquake, so there could be substantial loss of
L= if the event were to occur while those buildings were
pied by students. Yet there is no sense of urgency.
zm there are other demands on the scarce resources. The
szmm= can be said about the potential for dam collapse in
e zrea.

The third major category of risk—things that have
z=ver happened at all, yet could happen—is even more
remote. If they also don’t do much harm we should for-
z=t about them, but if the results could be devastating,
we ought to try to protect ourselves where we can. Ex-
zmples abound, some technical and some not so technical.
The consequences of a major nuclear war among the great
powers would surely be so dreadful that we and the So-
viets spend a substantial part of our gross national prod-
ucts on both equipment and activities designed to reduce
the probability. It is unpopular in this country to try to
do something about the consequences (like build shelters),
because that is misinterpreted by some as accepting the
inevitability of nuclear war.

This is the category that suffers most from misunder-
standing of what is implied by a low probability. A low
probability means only that; it does not mean that an
event will never happen or can somehow be avoided. Ac-

ceptance of the fact that small probability doesn’t mean
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zero probability is the beginning of understanding. In the
case of nuclear war, one has to believe that the probabil-
ity is precisely zero to insist that efforts to mitigate the
potential consequences are misguided. Even though we all
hope and work to avoid such a catastrophe, it is wishful
thinking and a kind of arrogance to assume that success
is guaranteed, and that we need not contemplate failure.
According to the Rogers Commission report, that kind of
misunderstanding of probability contributed to the loss of
the space shuttle Challenger in 1986.

There are many more examples of events of high con-
sequence, and either low (but not zero) probability or re-
moteness in time. The impact of a large meteorite on a
=ity could kill millions, but since little can be done about
i we don’t even try. The steady increase in the atmo-
spheric concentration of carbon dioxide has already been
mentioned, with its potential to cause worldwide climatic
catastrophe. Nuclear war itself.

This low-probability high-consequence category is in
one way the most interesting of the four, since the es-
timates of both consequences and probabilities must be
based entirely on theory. The probabilities come from
probabilistic risk assessments (more later) with inevitable
uncertainties, and the estimates are apt to generate dis-
agreement and confusion. There is nothing intrinsically
wrong with disagreement—democracies are supposed to
thrive on it—and uncertainty itself is a legitimate and
honorable feature of any scientific enterprise. Yet legiti-
mate uncertainty provides an opening through which dem-
agogues and technical charlatans can get into the act, and
can exert disproportionate and ultimately destructive in-
fluence on public decision making. It is a source of great
anguish to this author that so much of our public policy
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on technologicz! rwi &« mwmermined by lawyers acting as
if they were technical ss=w=s =and by show business per-
sonalities trading om <hewr summercial success in playing
fictional roles. Both are ous of their element.

There are many examples for this category, all dif-
ferent. We have not yet experienced a major commercial
nuclear accident in this country, yet it is inevitable. Such

are the laws of probability—if the probability is not zero,
the event is ordained, given enough time. We need to know
the probability, the likely consequences, and the best ways
o reduce the probability and the consequences. We spend
B :_Eat deal of money on regulation of the nuclear industry
2= budget for the Nuclear Regulatory Commission alone
= over $300 million annually), but continue to lack any
zzreed sense of “how safe is safe enough.” Therefore we
Zave no way to know when we’ve done enough, and should
point our efforts elsewhere. The nuclear energy community
is responsible for many of the most impressive advances in
risk analysis in the last fifteen years, and also for much of
the support for research in seismology (an earthquake can
damage a nuclear power plant), but the probability of a
major accident remains remarkably uncertain. That opens
the door to the mischievous, who exploit uncertainty.
The fourth and last category—known risks that are
increased slightly by technology—is often the most frus-
trating. It includes a whole menagerie of threats for which
both probabilities and consequences are elusive. Not be-
cause the effects are unfamiliar, but because they are so

familiar, and the extra damage is such a small increment in
our already imperfect world. The classic examples are the
health threats posed by low levels of natural or commercial

chemicals, and the effects of low levels of radiation. The
fear of contamination (for health, not z=sthetic reasons)
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sometimes approaches the classic symptoms of a phobia,
vet the threat is real, and we are well advised to do our
oest to understand it. Our problem in assessing the prob-
tv of harm from these contaminants is that the effects
are so small, despite the clamor they often generate. We
can make a few general comments here, but each is a sep-
arate case, and we’ll go through some examples in Part II.
There is no doubt that certain chemicals in the envi-
ronment, or in our food or drinking water, can cause cancer
in people at some concentration, with exposure over some
period of time. In no case do we know a magic exposure

tion rate :.I dlﬁerent exposures and exposure perlods so

q\ S

?—\E:mmel Tt cannot be reduced to z zero, espemally
since many of the Worst offenders are in the natural en-
vironment. (Aflatoxins, found in peanuts, are among the
most powerful carcinogens known, but who would think of
banning peanuts at baseball games?)

The difficulty is that, since cancer is such a common
disease (22 percent of us now die of some form of can-
cer), it is statistically almost impossible to determine just
lWhICh cancer cases are due to what cause. Sometlmes par-
ticular forms of cancer can be associated with identifiable
exposures—that’s how we know, beyond doubt, that smok-
ing is by far the major cause of lung cancer in the United
States—but we can’t measure cancer induction directly
at very low exposure levels. The chemical effects, if any,
are swamped by the more than 400,000 “normal” cancer
deaths in the population each year. (Some experts believe
that oxygen is a culprit in the normal occurrence of can-
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cer. It would be interessins 10 see an effort to purge the

atmosphere of oxygen. or 2o make it illegal to breathe.)
It is the same with the %f =cts of low levels of radiation.

We know that large doses of radiation can cause cancer

or. paradoxically, sometimes cure it), but again have no
way to learn whether that is true of the low doses that
are associated with such things as the normal cosmic-ray
Sackground or competently delivered medical and dental
=-rays. At low doses the effects are simply too small to be
measured, and it may be that the lowest doses are harm-
=== But we don’t know. If we wish to administer our
society in such a way that we are not exposed to excessive
m== yet also don’t overreact to small or negligible t!
w= are in a pickle. Chapter 15 is devoted to this.
Finally, we have to deal with what the experts call
==k aversion, relevant to all four categories. Up to now

w= haven’t made any distinction in importance between
the probability of an event and the consequences of that
event, though risks that have both low probability and
low consequences have been ignored—that is just common
sense. It remains to ask whether a better measure of risk
can be formed from some combination of the probability
of an event and its consequences. Which matters more?
People running an insurance company find this easy.
They multiply the probability of the event by the amount
of the potential loss, call the product the expectation of
loss, and use that as a final measure of risk. If an event
has a chance in a thousand of happening, but would cause
a loss of a million dollars, the expected loss is a thousand
dollars. A non-profit insurance company. if one could be
found, would charge that as a premium. This works be-
cause the fictitious insurance company might have a thou-
sand such policies to cover, which would lead it to cover
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one loss on the average, using up the million dollars it had
collected in premiums. Multiplying the probability by the
value of the loss is good economics, and most reputable in-
surance companies function that way, adding to the premi-
ums enough for overhead, profits, advertising, salesmen’s
salaries and commissions, and other perceived necessities.
They would behave this way no matter how large the pol-
icy, provided the potential loss doesn’t have the potential
to bankrupt the company. (That would change the rules,
as is known by many gamblers who have bet everything
on the last roll of the dice.)

But people are not insurance companies, and there is
a school of thought that holds that larger losses have to
oe considered worse than would be implied by the value of
the loss, and therefore have to be held to even lower prob-
abilities than the multiplication procedure would suggest.
In that way of thinking, one large loss is worse than two
smaller ones, even when they add up to the same amount
of damage. An event that could destroy ten thousand
homes would represent a higher risk than one that could
only destroy a thousand, even if the probability were ten
times smaller. ThlS reasonlng is w hat drlves 'some com-

travel on the same airplane. (They often share a limousine ™
w ‘which canm Though tﬁémf);aba;—/
“Dility that at least one will be killed is twice as high if they
travel separately (either airplane can crash), the probabil-
ity that both will be killed is much lower, and it’s more
important to avoid that catastrophe. Many people seem
to think that way.
Much of the argument against nuclear power has risk
aversion as its basis—though the probability of a major
accident is extremely low, the consequences could be so
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severe that the tecin

o = Z==med unacceptable.

In the rest of the huek we T measure risk by the prod-
uct of the probability zms s5e w=lue of the loss, the way of
the ideal insurance compamy. Ewen some major insurance
companies occasionally lose track of the familiar rules. In

1871 Lloyd’s of London was asked to write an insurance
policy to protect the Cutty Sark liquor company against
ihe possibility that someone might catch the Loch Ness
Monster that year. Cutty Sark had offered a prize, and
w== suddenly (and inexplicably) concerned that it might
Zzwe to pay. Lloyd’s had no way to judge the probability
of capture, especially since the monster may not exist, but
wTose the policy anyway, charging an outrageous premium
122t bore no relation to any reasonable probability of loss.
Czmty Sark paid, apparently without haggling. Nobody
==de any pretense of calculating the product of probabil-
= and consequences. (It was pure profit for Lloyd’s—the
monster wasn’t caught. Surprise.)



3
The Perception of Risk

We in the affluent societies are preoccupied with safety,
while risk is recognized as a normal condition of existence
by the less fortunate. Somehow the strange idea 1 that the
world owes us a risk-free life is a relatively localized and
recent phenomenon pretty much confined to the Western
’mdustrlahzed world. Even in the United States it tends
to have regional emphasis—more in the West than in the
Midwest, more in the North than in the South, and so
on. Perception is very personal, and generalizations can
be treacherous.

One perception of risk has a long history among prim-
itive peoples, still flourishes in some segments of society,
makes risk easier to accept, and appears in many of our
insurance policies—denial of its existence. Insurance poli-
cies often refer to acts of God, implying that what happens
is ordained by a higher authority, and is not just chance.
It is a form of fatalism. Those who firmly believe that
misfortunes are inflicted on us from above ought to go no
further, because rational risk management won'’t help in

26
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that case. What is actmallly done to manage our exposure
fo risk depends, of course om whether we think it threat-
ening, and whether we think we can do something about
it. The first of these is the subject of this chapter.

How, then, do people recognize risk? What criteria,
are used to determine whether a risk is acceptable? What
makes us fear some threats while ignoring others?

In particular, what is meant by the word “risk” when
ling with the ultimate fear, loss of life? Up to this
point it has been the likelihood of untimely death (when
= death not untimely?), but there is more to risk +has
22t Insurers openly, and most people subconscions!
"=y some sort of assessment of the relative values of Life

“oth shortening and loss) and of various deformities or in-
~2ries. We mentioned airport insurance policies in the last
“hapter. We all have different values, based on such factors
zs early experiences, education, circumstances, personal-
iy, etc. Chapter 1 began with the observation that fear
and risk are two different creatures, yet an individual’s
response to risk depends very much on the nature of his
fears, rational or irrational. Consider some examples.

Looks, to some of the more fortunate among us, can
assume such a central role as to be more important than
life itself. In California, disfigurement through involun-

1

tary tattooing has been found by the courts to be equiva-
lent to mayhem, a term encompassing loss of 2 limb or of
some other vital part. Yet voluntary tattooing continues
to thrive, so at least some feel otherwise. O course it de-
pends on the nature of the tattoo. Even in C alifornia it is
illegal to tattoo a minor, voluntarily or involuntarily.
Some will jeopardize their lives tc protect property,
and most will do so to protect loved ones from injury.

Many still cling to the old values. and will risk their lives
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to protect their country, while all too many will do so to
promote their religion. The dictum (still adhered to, but
now considered sexist) that in an emergency one ought to
sacrifice the men to protect the women and children has
its roots in a distant era, long forgotten, when there was
a shortage of people. The world does not now suffer from
such a problem.

We will deal with loss of life through two principal
measures: the chance of untimely death itself and some
version of the so-called YPLL, years of potential life lost.
The latter is often used among risk analysts, most often
counting only the years before age sixty-five as really lost.
This gives expression to the view (shared by few senior
citizens) that a risk imposed on old folks is somehow less
damaging to society than if it threatened the young. It is
sometimes assumed that the value of a pgrsqg’g_gemhz;fﬁ:m

er remaining

ing productive life is proportional to his or

Tife expectancy, or to the remaining &géEi}ement years.
“A person with twenty years remaining is then considered
twice as valuable as one with only ten. Such a proce-
dure actually overvalues the economic worth of the twi-
light years. In cold impersonal economic terms, the very

By R AN
old and the very young consume more than they produce, .

e A e

while those in the middle years sﬁﬁjﬁ%ﬂﬁh@g@g}ves and the
others. Over a lifetime, we more or less break even, and
neither productivity nor personal attachments are directly
related to the number of years left. Yet medical statis-
tics are commonly expressed in terms of YPLL, and the
objective of medical procedures is life prolongation—not
salvation, which is the responsibility of other specialists.
In the version of YPLL in which only the lost years be-
fore age sixty-five are counted, the lives of those over that
age are regarded as valueless—hardly a defensible position.
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We'll use the term risk luesely. most often just in terms of
life lost.

Even the term “untimels™ poses problems when used
to describe death. The Cent ers for Disease Control use the

term premature to describe a death that occurs before the

age of 51xty-ﬁve and pwh death rates in all three forms
YPLL (before age 31xtv-ﬁve) premature deaths (again be-w
fore age sixty-five), and crude total mortahty rates The

and cancer led the list of causes of death. Buf hp‘*'. dis-
ease afflicts older people more than does cancer. = :

nearly equal. (The graph shows that they run neck and
neck up to about age sixty, at which point cancer levels
off, before starting to decline in the years after seventy-
two, while heart disease continues to increase. By age
ninety, the vast majority of all deaths are attributable to
either heart disease or stroke.) If we take the next step,
and list causes of death in order of YPLL before sixty-five,
both of these take a back seat to unintentional injuries, or
accidents, which are the leading cause of death among the
young. In terms of YPLL the four big ones are accidents,
cancer, ‘heart diseases, and suicide/homicide, in that order.
At age twenty-one accidents are by far the leading cause
of death, and three-quarters of those are motor-vehicle ac-

cidents. There are even regional and local differences—in
terms of YPLL the District of Columbia is nearly twice as
dangerous as the worst state in the union. Can one ask
about the value of life without specifving whose life?

The elements most frequenth mentioned as affecting

an individual’s perception of risk ar
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1. Is the risk voluntarily assumed, or imposed by outside
forces? Smokers often rely on this for part of the ratio-
nale for continuing to smoke. “It’s my choice!” Risk
is even easier to accept for a member of a group shar-
ing the same situation, since mutual reinforcement can
suppress any lingering doubts about the wisdom of the
course. In the military world, this is known as esprit
de corps.

2. Is the risk familiar or unfamiliar? Ghost story writ-
ers, carnivals, and demagogues exploit fear of the un-
known. This is one reason why low-probability risks
often seem worse than those of high probability—they
are bound to be less familiar. The least familiar are,
of course, those that have never shown their faces.

3. Does the risk lead to immediate harm, or is the day of
reckoning far in the future? With apologies to Omar
Khayydm, heed not the rumble of a distant drum.

4. How is the risk expressed? People are extremely vul-
nerable to verbal cues—this is known to risk analysts
as the framing question.

The first of these requires little discussion. People are
quite willing to assume risk, sometimes just for fun and
sometimes as part of the job. When they do, it is often
with little clear idea of the magnitude of the risk, provided
they believe they control their own destinies. This stood
out clearly in the mid-1970s, through the widespread re-
sistance to compulsory seat belts. During the short-lived
reign of automatic seat-belt interlocks (the pesky things
that kept you from starting your car unless you were belted
in), it was fashionable to disconnect them as soon as a new
car was delivered. The dealer would offer the service as a
freebie. In the end, the interlocks were so frequently dis-
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connected that thev nas == 5e abandoned.
Botkl_ air .12?"‘ anc mancatory seat-belt laws have the
samé“f)’roblem Though :5e open argument about these un-

questionably life-saving me ures is about thelr‘ cost and

e_ﬁ?aﬁgenesg_(gxaggera'~« by enthusiasts in the heat of the
debate), the submerged issue of coercion vs. voluntarism is
at least as Tmportant. Who likes the do- gooders “who arro-
gate to themselves the right to protect us from ourselv res?
We didn’t ask them to.
~ We've : already mentioned the second item—familiarity
of the risk. People exaggerate the risk in the unaccus-
somed. More people are still afraid of flying than of driv-
=z. though the fatality rate for commercial aviation is
zoout one fatahty per. bllhon passenger—mlles with auto-
=obiles ten times worse. Xenophobia, the fear of other
~ountries and" cultures, has sometimes been Jjustified by ex-
perience, but unfamiliarity plays an important role. Amer-
icans are notorious for their suspicion of those who don’t
speak English. The most exaggerated current fear is prob-
ably that associated with the storage of high-level nuclear
waste, with deep roots in the unfamiliarity of radiation.
_Desr Desplte the essentlalllunanlmous view of informed scien-

tists and engineers that the risk is grossij overrated the

fear remains. Yet the radlatlon level in this room, as thls

is belng typed, is higher (because of trapped indoor radon

and its products) than it would be directly on top of a
nuclear waste repository. Anyone who really fears nuclear
radiation ought not to write a book indoors.

The third factor, timing of the consequences, is both
more interesting and more subtle. Some risks pose imme-
diate threats to life and limb—driving. mountain climb-

ing, walking under ladders, entering = tiger’s cage, and
the like. For these we could in principle work out the
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chance of catastrophe and judge whether the activities
carry, on balance. compensatory rewards. Bad luck carries
consequences both timely and unmistakable. You take the
chance, and pay the piper if you lose.

On the other hand, a person exposed to a dreadful
disease (like AIDS or leprosy, or smoking-induced emphy-
sema or lung cancer) may or may not contract the disease
as a result of the exposure, and the consequences may be
a long time coming. AIDS typically takes over ten years,
while the consequences of smoking or radiation exposure
or exposure to chemical carcinogens can be delayed twenty
or thirty years, or even more.

At the far end of the time scale, there are risks whose
damage lies in the distant future, affecting future genera-
tions. Major climatic change from the continued burning
of coal and other fossil fuels (the greenhouse effect) is gen-
erally estimated to be twenty to a hundred years away
(though it could come sooner), while the opponents of a
nuclear Waste rep051tory speak ammatedly of what mlght

Tutility of Tookingthat far . ammaglne the people of:

e

ten thousand years ago planmng for our wgrfgmre That
‘would take us nearly back to Cro—Magnon ‘With the bestv
OT intentions they couldn’t have known how to help.)

~ In thisauthor’s direct experience, the record for dis-
tant vision is held by a former governor of California, who
worried about the welfare of the people who will live (we
hope) a hundred thousand years in the future. If. instead

we thmk back a hundred thousand years, about the time

H omo sapiens first appeared on earth we mrght ask what

those early ancestors could have done for us, other thanr

survive. In the grand scheme of thlngs and assuming we

WlSh Well for the human race surv1val is the smgle most"
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important duty we hawe soward our descendants. Every-
“thing else, including == guality of life, comes after that.
If we don'’t survive, thes v::'t exist. It is pretentious to
suppose that they will share our sense of values, or that
we can predict thelrrrnec‘ & - MG el
How then should we deal with risks that threaten fu-
ture loss? There must be some outer limit for concern. a
time beyond which there is just no point in fretting, wha
ever our sense of responsibility. The self_tigggructlo* of the

sun is currently scheduled for a few billion years from now
but it makes no. sense to prepare for 1t We rlghtl* pay less

attention to risks whose “day of reckomng is far far zw=
For most people the span of concern extends through ther
own lifetimes and those of their children—for some. nos
nearly that far. Of course we should prepare for and tend
to the future, out of a decent sense of social responsibility,
but should do so with humility and perspective.
Economists and bankers have no problem dealing with
future contingencies—they do it every day—and the mech-
anism is discounting, as with an annuity or compound in-
terest. The latter is more familiar to most people. With an
annuity we make small payments now in the expectation of
greater rewards (a comfortable retirement) in the future,
while with compound interest we voluntarily give up the
use of our money, so that it can build to larger amounts
in the future. In both cases the value of something in the
present is deemed to be higher than if it were deferred to
a later time. (Bird in the hand, and zll that.) No law
of nature asserts that the future is less relevant than the
present, but people have behaved for many centuries as if
it were. Experience even provides a guide for the rate.
Given a choice between a calamity this year—say a
broken leg—or one in ten years, few will decide to get it




34 Technological Risk

over with. Amyihing can happen between now ; and then,
and even the Devil can be cheated of his due. 1f we are to
believe Stephen Vincent Benét. Conversely. given a choice

between a gift of 2 million dollars this year, or an inheri-
tance of the same zmount in ten years, it would take some
kind of nut to opt for the latter. Deep in our hearts, we do
know that we shouid discount the future %ugh the dlS—
'éﬁﬁﬁfﬁgmmery “much on psychologlcal factors
Tike our sense of security. Banks and investors make such
mmnd it is possible to learn about our
collective wisdom from their experience. Judging from the
rates used for savings accounts, investment returns, and
‘similar trades of present wealth for future benefits, the

rate at which we have historically discounted the future

sssTs T6 b6 Between 5 and 10 percent per year (over infla-
fion, of course).

This practice goes both ways. We are willing to give
up present good for even greater rewards later, which is

called investment, and we insist on paying less now for
something to be delivered in the future, which is called
discounting. They are in principle the same. It is only
one step from there to the concept called insurance, which
means that the policy holder doesn’t wait for loss, but pays
premiums now as a hedge against a future cost. A trust
fund is the same as investment; resources are squirreled
away (with interest) for future withdrawal. If the future
withdrawal is to deal with a future contingency, and is
made available at the time of the contingency, it is called
insurance, and the investment is called a premium.

All of these financial shenanigans are based upon the
same concept—anything destined for the future is worth
less now, whether it is good or bad. As was said ear-
lier, this doesn’t have the status of a law of nature, but is
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simply an observa:iom shwus millennia of human behavior.
{Incidentally, none of &= i 20 be confused with inflation,
which simply devalues the wnit—money—in which things
of value are measured. Allowznce for inflation is an addi-
tional consideration when using money as the medium for

future planning.)

To put it more explicitly, suppose the discount or in-
terest rate is 10 percent, and an investor wants to have
$10,000 at the end of a year. It would be necessary to in-
west $9,090.91 now, so that the accrued interest of $902.02
would bring the total to the needed $10,000 after the vear
£ =he investor could wait two years, the needed investmens:

=ould be $8,264.46, and so forth, so that the accumulate
sompound interest and principal would add to the $10,000
z=er the proper time. Ten years would reduce the needed
=vestment to $3,855.43, and twenty years to $1,486.43,
waich is beginning to look like a bargain. Less than 73¢
will do it in a hundred years. (This is not investment ad-
vice.)

So the systematic way to deal with future risk is to

treat it as if it were a business loss, and to determine its
current value by discounting it at a rate o f5to 10 percent»

Der year. In 1972, the United States Office of \Ianagement
and Budget (OMB) ordered all federal agencies to use a

discount rate of 10 percent when calculating the costs and
benefits of any intended actions. That was OMB’s assess-
ment of the proper level at that time. The order is still in
effect, but widely ignored.

Most will agree that discounting is the logical proce-
dure for dealing with the future (though some deny vig-
orously that it is relevant to questions of buman life and
health), but there is considerable comtrowersy about the

“right” rate. Reasonable people may difer_ reflecting their
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different views of the value difference betw=en the future
and the present. Once the principle is accepted, however,
there are dramatic consequences for decision making on

risks; one will always devote more effort and resources
to dealing with immediate problems. The future will be
treated fairly, neither overrated nor underrated—both er-
rors are COmMmon.

This issue of future loss will return in Part II, but a
simple grand example can illustrate the point. The gross
world product in 1986 (total of goods and services pro-
duced anywhere on earth) was recently estimated at some-
thing like $15 trillion, $15,000,000,000,000. Suppose we
knew of an impending disaster (say, due to carbon diox-
ide buildup) which threatened to reduce this by one-third,
a loss of $5 trillion, and a major setback for the human
race, but the event was not due for two hundred years.
Accepting the OMB recommendation of 10 percent as an
appropriate discount rate, we could now ask how much
should be spent today to avert such a tragedy. The answer
turns out to be about $25,000, as a one-shot investment.
That amount can either be spent now to avert the disas-
ter, or invested in a savings account, so the $5 trillion will
be waiting in the bank when it is needed. (What bank,
you may well ask, but bank is just a figure of speech.)
A discount rate of 5 percent would have led to an an-
swer near $300 million, and a reasonable number probably
lies somewhere between. Neither of these appears to be
particularly expensive as the cost of prophylaxis or cure
for a misfortune of that magnitude—a single airplane can
cost $300 million these days—and most of us would proba-
bly want to make the investment, out of an unquantifiable
sense of responsibility for future generations. We can think
in terms of two hundred years. If we were talking about a
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thousand years intc the Swsus= that might be a different
matter. The cost would he megligible, far less than one
cent, but that is prettv “2r oF and we might simply not
care.

This is all relevant to the perception of risk because,

rhough all the above is ec ononncalh beyond reproach we

don’t all understand economics or compound interest, so

we tend to waste current resources on dlstant threats The
billions being squanderedkonhthe—o—nest for an absolutely
safe nuclear waste repository provide a classic case, as we
will see later. To make it worse, we also often err on the
other side in this age of instant gratification, and both gow-
=rmment and corporate leaders are reluctant to invest in
s2e future. Very few of our major industries now support

nasic research, even in their own areas of interest. Mar-
==ting of today’s products is deemed more important than
the development of tomorrow’s. It is a curious paradox
that aversion of future harm seems more important than
the promise of future benefit. That was not always true.
Those who are unwilling to invest in the future haven’t
earned one.

The fourth important contributor to the perception of
risk is the way the risk is portrayed—the framing question.
It is easy to illustrate by asking people to make decisions
on risk questions, when the same questions are alternately

framed in terms of either benefits or losses. It turns out
that they will usually take chances to minimize or avert a
loss, risking a greater loss, but are more likely to go for a
sure thing to secure a gain. Obviously. as zll observers of
gambling casinos know, there are variations among people,
but these are the most common patterns

One way to make the point consists of offering people

a chance to flip a coin for a prize of $1.000. with no loss if
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they fail, but oZ=r them a chance before 12= toss to suggest
a settlement payoff. That would be 2 kind of settlement
out of court. It's a clear winner, a possible gain with no
chance of loss, but what is it worth? Since an even-money
chance of winning $1,000 gives an average expectation of
gain of $500, one would expect people to be willing to sell
the opportunity for about that much. Yet tests show that
they will settle for about $350, on the average. They want
the sure thing, even if they don’t get as much, and are
willing to pay for it. This is the gain case.

If, on the other hand, the rules are changed just a bit,
so the player is given $1,000, and asked to toss the coin to
decide whether he has to give it back, his decision changes.
It’s of course the same thing, except that now he has the
money in hand, and the coin flip is for a loss, not a gain.
The probability is again that he will get to keep the money
about half the time, so the expectation of gain is still $500
(the $1,000 in hand, minus the 50-50 chance of having to
give it back). The big difference is that he already has
the $1,000 and can savor it, so the gamble seems to be to
avert loss, not to win. A mathematician should still offer
to settle by paying back $500 to forego the toss, or, if he
is consistent with the previous choice, he should be willing
to pay $650 to assure the net gain of $350. But no, players
still offer only about a $350 settlement, preferring to gam-
ble everything on the chance of not losing anything. To
a mathematician or statistician, or even to a professional
gambler, this makes no sense at all. A professional gam-
bler should lick his chops at the chance of meeting someone
like this.

So people will generally gamble to avoid loss, but are
conservative about potential gains. There they prefer to
take the bird in hand. This assumes, of course, that they
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£now the odds—verv low-zeonability events, like lotteries
2nd catastrophic accidesss ar= dominated by lack of in-
formation and understanding. as well as by superstition.
1o some tests, people who have just bought lottery tickets

Zor one dollar have been unwilling to sell them back for
w0 dollars. The bird in the hand is, in this case, no bird
zt all.

It is worth noticing that the very use of the term “risk”
0 define the subject of this book biases the issue. Had we
=sec the term “safety,” the psychological tone would have
Se=n different. This is recognized in the naming of federal
az=ncies, all of which are devoted (at least in name) to ==
sumng safety, and none to reducing risk. The Department
ot Defense, despite its name, is meant to wage war if nec-
=ssary. The Department of Health and Human Services
""" zls more with sickness than with health. The Depart-
ment of Justice runs the FBI. The Department of Energy
spends more on nuclear weapons than on energy. But the
Centers for Disease Control, bless them, do exactly what
the name implies. Still, euphemisms are the rule rather
than the exception.

Sensitivity to the way in which questions are framed
extends far beyond risk evaluation (where it helps to ex-

plain the routine exaggeration of low levels of risk) to other
areas like amateur gambling and amateur (and some pro-
fessional) investment strategies. Framing "i i2s is unavoid-
able in connection with risk, since risk is rarely expressed
in terms of how many people have escaped it. Imagine de-
scribing a day in the life of the airline industry by saying
“Yesterday a million passengers rode the commercial air-
lines, the vast majority of whom were eventu j—;_jr deposited

alive at some destination.” Not much chance of seeing that
on a billboard.
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But what does our citizenry think of =l this? About
ten years ago an Oregon-based research organization asked
four different groups of people—members of the League of

Women Voters, college students, members of a business
and professional club, and finally experts—to rank thirty
reputedly risky activities in order of risk. Just comparing
college students with experts, they found that the college
students rated nuclear power public threat number one,
while the experts put it in the twentieth spot. The experts
rated motor vehicles number one, while the students rated
it fifth (after nuclear power, handguns, smoking, and pes-
ticides). And so forth. These discrepancies between fact
and fancy carried across to the other groups, perceived
risk often more dependent upon media coverage than on
actual risk.

‘We mentioned in the Introduction a particularly egre-
gious example of priority confusion, the decades-old ques-
tion of fluoridation. By now, after a whole generation has
grown up with drinking water to which a trace (about a
part per million) of sodium fluoride has been added, many
also using fluoridated toothpaste and mouthwashes, the
results are in and are clear. Fully 50 percent of all chil-
dren between the ages of five and seventeen have not had a
single cavity in their permanent teeth. In the last decade
alone, the number of children’s cavities has gone down by
about 40 percent. Further, the dire predictions for pub-
lic health because fluorides are poisonous (true, in large
enough doses, of many of the things we eat regularly, in-
cluding fluorides) have not been borne out. Fluoridation

'has been as close to an absolute Wmner as can be found

nearly all benefit at mlmmal cost S, With nc no detect able down

side.
side.
Yet the pohtlcal pressures are such that, desplte near

s e
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unanimity among expesss amout 40 percent of the Amer-
‘ican people live in zr=== == = ~.cn the water has less than
eptimal-natural fluoride= eI ations, "and none is added
Three of the ten larcr“' cities don’t adJust their water. In

the entire Los Angeles Basin only two communities fluori-
date their water, and the City of Los Angeles is not one of
them. In effect, the anti-technology forces have made life
so uncomfortable for the City Council that action in the
public interest is bad politics. There is no vocal political
Com “.Ituency for good teeth so a politician whose prm;_ al

= on teeth. Fortunately, many of the deprived Ch Idren
=== fuoridated toothpastes.

As an example of the quality of the debate, a recent
znti-fluoridation publication asserted that most cases of
AIDS are in cities that fluoridate their drinking water. It
could just as easily have said that they occur in cities with
a public library. Equally true—equally irrelevant.

Fluorides represent just one example of a familiar sit-
uation in which the common good is ill served by the
democratic process. The problem is exacerbated by the
emergence of groups of persuasive people who specialize
in technology-bashing and exploitation of fear, make their
livings thereby, and have been embraced by large segments
of the media as experts. The next Cha:t:: deals, all too
briefly and kindly, with this national problem, and with
the distortion of priorities it brings with




4
The Politics of Risk

Since risk is a subject on which passions run high, it is
necessary to say something about the players, and com-
mon decency requires that it be done as fairly as possible.
Still, some of the participants exert a destructive influ-
ence on rational decision making, with consequent dam-
age to all of us, and it would be disingenuous to pretend
otherwise. This is a very short chapter devoted to recog-
nizing the existence, in the United States and in Western
Europe, of substantial and effective political forces that
are simply opposed to technology, and use their politi-
cal strength almost entirely for obstructive purposes. The
German Greens are the most open about their platform,
while the American equivalents are less well focused. They
evoke in many of us a genuine nostalgia for a simpler life, a
reaction to the fact that our technological world is simply
harder to understand. The sense that we have somehow
lost control of our destinies is certainly depressing, and
an anti-technology posture can strike a responsive chord.
Opposition to change, especially technological change, is

42
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a full-time professior “r masw. and the term “activist” is
now used proudly. zs ¥ aceivism were honorable in itself,
regardless of what one i active for or, more often, against.

The problem is exacerbated by a frightening trend in

our society. Just as our lives are becoming more com-
plex, interactive, computer-oriented, and—let’s face it—
technological, our population is declining in its educational
level. It is no secret that the average scores on the stan-
dardized Scholastic Aptitude and Achievement Tests have
been decreasing for many years, though the rate of decline
seems to have been arrested in the early 1980s, and the
scores have crept up a bit since then. Still, they are not
even close to what they were only twenty years ago (they
are fifty points lower), and the tests have not changed that
much in their level of difficulty. To boot, the curricula
in our schools have been greatly softened in the last few
decades, academic achievement has been de-emphasized as
a proper objective of education, science and mathematics
have given way to more “relevant” material, and grade
inflation has disguised the decline in standards from stu-
dents and parents alike. AIl this has been documented
in any .ny number of reputable and solid studies, and railed
against by any number of reputable scholars. In contest
after contest in which our students are pitted against their

foreign equivalents, we turn up near the bottom of the
heap. All parents support—even demand i—better educa-
tion for their children, as long as it is in the abstract, but
far fewer if it impairs the children’s enjoyment of life, or
faces them with the unthinkable—failure if they don’t per-
form.

A partial consequence of this denigration o f learning is
that the fraction of our population that & ‘»‘;4 es in UFOs

and reincarnation is mind-boggling. less than half of us
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know that the earth goes around the sun once a year, and
it is an unending struggle to keep the teaching of evolution
legal in the schools. Americans are about evenly divided
on whether evolution or creationism is more correct. Half
the American people believe in lucky numbers. Finally, as
a direct consequence, it has been estimated that American
industry spends as much on remedial mathematics educa-
tion each year as is spent on direct mathematics education
in elementary schools, high schools, and colleges.

Many of us are dependent on television pictures and
sound bites for our information, and formulate our posi-
tions on peace, war, the environment, risk, and the econ-
omy from the one-dimensional heroes and villains we see
for a few seconds on the evening news. Those who have
learned to dispose of complex points in five seconds or
less appear on the talk shows, and all the television news
programs have learned that their audience share depends
almost entirely on their entertainment value.

It is worse among the young, who were raised in a
television atmosphere. According to a National Opinion
Research Center poll regular newspaper readership has de-
creased from 75 percent of the population twenty years ago
to 50 percent now, while in the 18-29 age group it has de-
creased from 60 percent to 29 percent. In the 30-34 group
it has gone from 75 percent to 45 percent. It is mainly the
old folks, the over-sixty brigade, who still read newspa-
pers. It has become an article of faith, encouraged in the
schools, that anyone’s opinion is as good as anyone else’s,
whether or not informed.

You, dear Reader, are in a distinguished minority—
you are actually reading a book. Not only a book, but a
book, however unworthy, that is meant to leave you some-
what better informed than you were before you read it. If
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it doesn’t succeed it = tmuiw 222 author’s fault, not yours.

Our very literacy 2= = matiom is in danger. The current
estimates of the Departmens of Education are that a full
one-third of us, seventy million Americans over the age of

seventeen, are either functionally illiterate or only barely
Sterate. The number is estimated to be increasing by
zbout two million per year, even though the great major-
=¥ of our children now graduate from high school. (More
than 75 percent of the adult population has been through
2igh school, compared to 25 percent in 1940.) Even more
w_;;aie_ functionally innumerate (the numerical equiva-
=t of illiterate). Not only is this a work force which must

= zccommodated in an increasingly complicated and de-
=znding job market, but it is also a population with rights
znd privileges, including the ancestral right to the pursuit
of happiness. Above all it is a substantial electorate with
2 decisive voice in the ways in which our country responds
to the challenges of technology. We are a participatory
democracy and it is everyone’s country, not just the edu-
cated. At the moment these words were first written, in

March of 1 1988, not one of the eleven remaining candidates
for the pre51dent1£1 nommatlon in the tno maJor parties

no accident. (The sohtary one who did was one of the first
eliminated from the race.) This is the backdrop against
which the anti-technology forces work. The problems de-
scribed in the last few paragraphs go so fzr beyond the

subject of this book that we will leave them in 2 moment,
despite their transcendent importance.

However, it is hard to resist mention of an interesting
and perhaps even relevant story. We are told that in 1968
a poll was taken of a “representative sample™ of German

women, asking them what profession they would prefer
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in an ideal husband. At the top of the st was nuclear
physicist. (Since this author is a male physicist with nu-
clear pretensions, that is heady stuff. Physicists, especially
theoretical physicists, don’t get many chances at a good
fantasy.) Alas, in 1979 a similar poll produced a very dif-
ferent answer. Nuclear physicists didn’t appear anywhere
on the list of the first twenty choices—top of the heap was
forest ranger. While the Germans love their forests, that
is quite a change of preference, whose significance is too
painful to pursue.

Technological risk provides a testing ground for the
ability of a democratic society to manage its affairs in such
a way as to assure the common good. Garrett Hardin, in
his 1968 essay Tragedy of the Commons, made the point
that a society can be badly served if each member of that
society makes decisions aimed at serving his own perceived
self-interest. The composite of individuals acting in their
own interests can easily translate into a situation in which
not only the society but each individual comes out badly.
His example was a common pasture, in which each individ-
ual can appear to benefit by adding to his herd, leading
to overgrazing and destruction of the pasture. We con-
trol such problems by accepting the strictures of govern-
ment, balancing each individual’s freedom of choice against
the demands of the general welfare. The underlying logic
breaks down when the government itself reflects no more
than the sum of the individual choices, as is the case in
a participatory democracy, and breaks down even more
when the participants are ill-informed. Even a minority
can then do real damage.

There is, of course, a history. In the early nineteenth
century in England, as part of the Industrial Revolution,
automatic machinery was introduced into the textile in-
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Sustry. This had the imesiasie result that skilled crafts-
=en (with now obsolets siiis found themselves unem-
oloyved, through no fault of their own. Their resentment
w=s originally directed at the machinery itself, especially

t2e stocking-frames (machines used in the production of
s=itted stockings, which made it possible for relatively
==skilled workers to produce stockings at more than ten
=imes the historic rate), and the five years beginning in
1311 saw widening convulsions of rioting and destruction
2 machinery, at first only textile machinery, but later a
wcer variety. The rioters were called Luddites because
“oeir leader assumed the name General Ludd, after a per-
Zzp= mythical Ned Ludd who was alleged to have destroyed
stocking-frames in 1779, and therefore to have been some-
w2zt ahead of his time. The term “Luddite” has become
soprobrious, and has come to mean anyone who is strongly
spposed to machinery, or, by extension, to technology. It
is quite appropriate here.

The Luddites finally generated a strong reaction in
Parliament, which passed a law that made the destruction
of stocking-frames a capital offense. After that a number
of Luddites were hanged, and the movement crushed. The
economic recovery that followed Napoleon’s defeat at Wa-
terloo, and the peace of 1815, probably also played a role

in relieving the unemployment that fueled the riots.

An interesting sidelight of this miserable episode is
the fact that Lord Byron’s maiden speech in the House of
Lords, at the age of twenty-three, was in opposition to the
capital offense bill, and in defense of the Luddites. The
distaste of poets for technology has a long history—read
Walt Whitman’s Learn’d Astronomer to g=t the flavor—
but the cudgels have been taken up in modern times by

the lawyers. There aren’t enough poets 10 go around these
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days, and thev can’t be spared for this kind of work. On
this one, however, technology won the next round. By-
ron’s daughter Ada, Countess Lovelace. was one of the re-

markable early figures in the history of computers, and a
modern computer language is named after her. You can’t
keep a good gene down. Of course her mother was a math-
ematician. :

Strangely, displaced workers do not form the core of
the anti-technology movement today—it seems to be an
upper-middle-class phenomenon. Such people are gen-
uinely concerned that technology may be destroying the
environment, and have presumably never seen the environ-
ment in other, less technically advanced, countries. (Mark
Twain once said, “To be good is noble. To tell other peo-
ple how to be good is even nobler, and much less trou-
ble.” With comparable relevance, H. L. Mencken once
observed, “There’s always an easy solution to every hu-
man problem—neat, plausible, and wrong.”) It is a pity,
since the environmental quality that is left to us does need
vigorous and informed protection.

Up to this point, this chapter has probably (and not
surprisingly) appeared one-sided, as if all the sins in the
politicization of risk have been committed by the anti-
technology elite. Unfortunately, that is not so. The coun-
terpoint to the politics of ignorance is the politics of com-
placency, embraced by more than a few of the guardians
and keepers of risky technology. The very low probabili-
ties that go with some of the more unlikely threats to our
health and welfare—nuclear accidents, nuclear war, the
greenhouse effect (high probability in the future, but just
beginning), etc.—can be misleading. The fact that the dis-
aster has not yet come has led all too many to believe that
it never will, and to relax. It is not easy to maintain vig-




) lacency on the other (especially when combined with
1al contempt) are twin threats to the rational man-
t of risk.




