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We are surrounded bl.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.
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surrounding the question and leaves people a little smarter than they were before.
H. W. trwis' Technological Risft is such a work."

-Barry Gewen, The New Leader

'A valuable, clearly written appraisal. . . . Should be widely read."

-John 
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"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
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rhinking and political hidden agendas."
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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 enrichment
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 alt 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
:rLers \Iost people would probably agree that there is
: - ::irl in exposing ourselves to a risk for which we get

1,,:Lng 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 knori'.

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 vears 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 rhe 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 harmfui. (Most of
the world uses higher domestic distribution voltages than
our 110 volts, with consequent economic gains.) Light-
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xll Introduction

there are many forms of risk, the book i5 66r:-=ti to the

risks connected with progress in science ari :echnology'

The other threats to life are important-thev iominate the

mortality (death) and morbidity (sickness ) st atistics-but
they are not the subject here.

Many of the risk-related issues, Iike 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. s,-, Part II is a potpourri of specific cases, treated

il -r':=: ietail, and grouped in families with common

:.,: --;. Part II is meant to satisfy the craving for real

-::,-:rar: has been built up in Part I. The collection is
:a: :om 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 ofrisk 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.
F\rrther, there is an argument against going too far in the
direction of currency, since newly discor,ered information
that has not stood the test of time mar' 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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4 Technological Tisk

of risk. Alternatives are sometimes used, like the number

of years or days or minutes by wh-:h a life is unnaturally
shortened. By the first measure, cieath ten years too soon

is treated as no worse than death fir'e years too soon; b}'

:-: second, it is counted as twice as bad. Some contend
- 1: :e earlv years are more valuable than the later years.

;-: -: .-::-e ilike Robert Browning) argue otherwise. Chap
ter i ;'---- ieal more deeply with the contentious subject
of the ra,ue of life. When a famous comedian reached the
age of fift1'. and people began to speak of him as rniddle.
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 L 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-
talitv in the United States has been cut in half in the last
tn'ent1' ]'ears, a dramatic improvement that still leaves us

I
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kill aa,- ':i the same number of rr:, ;,'hile by age ninetl' heart
disease kiiis five times as man]- e*i cancer.

Not onll' do most of these car-ses of death depend on

age, they are also specific to the Lnited States at this time'
The suicide rate in Austria is tn-ice as high as ours, and

that for Italy half as high. The death rate from heart
disease is a third as high in Rance, 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
s,cietr are circulatory diseases and cancer (responsible

--: li percent and 22 percent of all deaths respectively
-:- il35r. 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 Llnited 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 wav 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 rvhether the
aging of the population is responsible. We ori-e technology
for much of that longevity. Even there, the age-adjusted
fatality rate has been decreasing for some rime for nearly
all types of cancer. There are outstanding exceptions for
lung and respiratorv cancer, where the undoubted cause
is smoking. On11- fanatics and tobacco merchants con-
tinue to deny this. Just as an example. the death rate
(per hundred thousand) for such cancers. for u,omen aged
fifty-five to sixty-four. has increased by more than a fac-

j
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10 Technological Risk

underplay therr- . -,,rt trivial. We do rightll'worry about
a major nuclear ,.-,-:ent, of which there has been at this
writing just the cr: i: Three Mile Island in this country,
which killed no one. a:,c 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-
Ienge is to do our worrying constructively, without para-
'-', z::\! our civilization.

In addition to all these rare but familiar eventuali-
ries. 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 ro live, and we
have an inclination to eat), to ca'-ise a steadr- and easily
measurable increase in the carbor :-:xide c:ntent of the
atmosphere. No one doubts that ::--= r.-ilI aiect the cli-
mate, but we are not sure by how r'-.:- :: r.':-en, or what
the effects of the climate change s.--- -=r---. :e. It may
or may not be true, for example, tha: -',._,. -:e flooding
of coastal regions, from the melting ,:- -_- .--:-.arctic and
Greenland ice caps, is in the cards. T:_ -.-- .,::,t melting
would inevitably accompany a worldv;r: i :ir--.r-! trend,
we cannot yet predict just how much.

The same is true of health effects :_ - .- _ . _-arbon-
induced ozone depletion of the atmosp:=:. : :,: poorly
quantified climatic effects of nuclear s-r :'= ! _- ,_-ed nu-
clear winter), or a number of other gra:,-.,... :,."-.s. All
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The Measurement of Risk

\\-ebster's Unabridged New Internati,onal Dictionary (the
revered Second Edition) says that risk is *hazardl 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) Orford English Di,cti,onary as ,,a game at dice, in
which the chances are complicated b), 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 manl- 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

72
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74 Technological Risk

prospectiye consequences are so aE - :iat they de-

serve attention. An example migi." := a major de-

structive change in the climate. &< a :,rnsequence of
atmospheric pollution.

4. Finally a collection of substantial risks ri'hich, 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.

-l:- ..,,.-:.-rie of the first category familiar risk-might be
- -: -,.-:-:e of demise in an automobile accident, while driv-
"; ::,::, Los Angeles to San Francisco and return. So

:-:--!' have done this, and so many have regrettably per-
ished aiong 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 trar-el. 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 ayerage occupant.

The trip is about four hundred mrles each way, so the
risk of untimely death is about a chance in a hundred
thousand. About one in forty thousand -\mericans dies
each day, so the incremental risk of death from the trip is
equivalent to the normal likelihood of df iirg 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 drir-er is inclined to
consider himself (or herself) so skillful that nothing can
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16 Technologi,cal Risk

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-

'eci-..'t ',-CgnLent are often involved. Is a foot really equal
. : -- r:, r -: an eye? What is it worth to be able to walk

r.r-:,: a s:reet safely-more than eight thousand pedes-
::-a-i ge; killed each year. Should there be traffic lights
anci 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 r re can judge how much to spend to pre-
serve them. Money is, after all, our mediun: of exchange;
its purpose is precisely to make it possible ro trade in the
value of things without bartering the thinss themselves.
Yet analysts who try to set a value on life can expect a tor-
rent of abuse for just making the effort. ,\\-hen 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
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Technological Risk

s.: -'a:- ::.at we are rightly concerned. Ca-':der the chance

of a :-"- -r earthquake in Southern Calir-:rnia, where this

author :i'ts, We know from occasionall.v exciting expe-

rience that ive live in an earthquake'prone area, riddled

with fauits (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

Flancisco 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

thel' cause b1'building more resilient buildings, by research

;.':..:h :an lead to improved understanding and perhaps

.",.:, :=-:able warning, by improving emergency response

-,.a:-iitr-. b1, public education, and so forth. All of those

measures involve costs, and our willingness to incur these

costs ought to depend on the probabilit.v 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
wiliing 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 everrt. (When this was first written,
the California earthquake of 1989 had not yet occurred. It
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20 Technological Risk

zero probabilitf is the beginning of unders:anding. In the
case of nuclear war, one has to believe that lhe probabil-
ity is precisely zero to insist that efforts to mitigate the
potential consequences are misguided. Er-en 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-
:--:::-::: -n time. The impact of a large meteorite on a

. - -- i kiil millions, but since little can be done about
-. ;"= ,ion'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. \'et legiti-
mate uncertainty provides an opening through *-hich 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 pubiic policy
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22 Technologi,cal Risk

sometimes approaches the classic symptc,:t-s of a phobia,
'=: the threat is real, and we are well a,j,.'ised to do our
- :: r:o understand it. Our problem in a-.sessing the prob"
a: -.- " ,f harm from these contaminants is that the effects
ai. >- s:-a11. despite the clamor the1,- often generate. We
carr r-aJ,e a ferv 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 env!
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
level below which a chernical is "safe" and above which
it is danserous. The ant uestion in
chemicai is to determine the cancer induc-

cii-fferent exDosures and exposure periods, so
-po-tlcy can be to the risk to

_c It be reduced to especially
i-rce many of the worst offenders are in the natural en-
r.ironment. (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-
CEI ,itis statistically almost impossible to
which cancer cases are due tow t cause par-

cancel can ASSO 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 ver\' low exposure levels. The chemical effects. if any,
are sl\-amped by the more than 400,000 ,,normal'' cancer
deaths in the population each year. (Some experts believe
that oxr-gen is a culprit in the normal occurrence of can-

)
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one loss on the average, using up the mill - :- : -,llars it had
collected in premiums. Multiplying the p: - : "rility by the
value of the loss is good economics, and n,:.: reputable in-
surance companies function that way. adciing to the premi-
ums enough for overhead, profits, adr-ertising. 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.)

B r: people are not insurance companies, and there is
: : i--- ,: thought that holds that larger losses have to
- - - -: --:ered norse than would be implied by the value of
the ioss. 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 thel' 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. This reasoning is r, hat drives some com-
panies to require that two liigilcor;,:rate executives not

ont same :r- share a limousine
a1r n'hich can Though the proba-

y' that at least one will be killed is tn-ice as high if they
travel separately (either airplane can crash . the probabil-
ity that both will be killed is much lori-er, and it,s more
important to avoid that catastrophe. \Ianr- people seem
to think that way.

Much of the argument against nuclear por-er has risk
aversion as its basis-though the probabilitl, of a major
accident is extremely low, the consequences could be so
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The Perception of Risk

\\-e in the affiuent societies are preoccupied with safetv,
while risk is recognized as a normal condition of existence
by the less

world orves

f ortunate.F"g:*"*el_p"iy*t-h-".S!ratlge.

a risk- is a relati
the

to the Western
.i14tll!1e1ir-u3-y9dA Even in the United States it
to have regional emphasis-more in the West than in the
Midu'est, more in the North than in the South, and so
on. Perception is very personal. arrd generalizations can
be treacherous.

One perception of risk has a iong i,isi.ory among prim_
itive peoples, still flourishes in some se!ntents of society,
makes risk easier to accept, and appears in many of our
insurance policies-denial of its existence. Il:surance poli_
cies often refer to acts of God, irnpiying t1,al ii-hat happens
is ordained hy a higirer authority, and rs n.lt jr,rst chance.
It is a form of fatalism" Those who firmir. believe that
misfortunes are inflicted on us from above ought to go no
further, because rational risk management non,t help in

26

l

i:



sa^rT rraql r:": -. -i ,sanlB^ plo or{+ o+ SurTt ilr}s. uetrAl
{.rnfur ilrc-- :: :._,ll lf,a?oJd o} os op g1r\ }sotu puts
'dl"redord - :_ .. _ - sa,lr1 Jrar{} azrpJ€doaf 1l.tr aurog

.-i1r;r- " - .-. ..,, .i1ue1un1oa .Jounu r? oo+l€1 o? Ie8alir
sr 1r Errrr,:-: - ,: ,.;.\E ,oo}+ts? arlxJo aJnlt?u aq+ uo spuad
-3p 1I J:::._ . -:r_\\JJeJo IAaJ aruos lseal ?B c.rs,a,tr.iq1 o1
sol1urlrtr_, t- - __rl AJelunlo +aA .1.red 

lelr,L Jaqlo auros
JO JO qrut ? - :: ,1 SUrsseduroJua ruJJl e ,ruaq.{eur o} 1UAI
_elrnba ac ,_- :-,-:tot aq1 fq punoJ uoaq seq Buroo11e1 .fue1
_unlo^ur u:: _--.r luoura-rnSgsrp (BruJoJrTec 

uJ .Jlasll eJIi
u€q} XupljrrL_.. r]our aq o+ sB eloJ iEJluac E r{f,ns arunsse
u€3 isn Suou:. .tlpunuoJ JJoru aql Jo aruos o1 ,s1oo1

.saldruex; Juros JaprsuoC .ieuorleJJr Jo l€uor?€J 
(sJeaJ

slq Jo arn+eu JLI] uo qcnu .{"re,L spuedep {srr o} asuodsar
s(lenprlrpui ue lai ,sa.rn1ea;c 

luaJagrp o,r1 aJu {srJ pur__.
rtsal }tsr{} uor}€ rasqo oq} q}I,!t ue8aq 1 ratrdeq3 .c1a .-i-
-leuos"rad'sacuelsrunJJrs (uorl€3npa (sacuarJadxa 

d1.rea +
srotJBl qrns uo pasBq ,sanlea 

?uaraJrp a^l?q II€ a41 .ra1d: _

[ 
--r: --r., ur sarJrlod aJuBJnsur 1.rocl;re p"ro.1,r"* aA\ .s: -_

I 
-lrlirrroJap snorJe^Jo pue (ssol pue Burualroqs q-

I : itlB.\ dArlBlJJ dLIl Jo +uauss,lsss Jo I.ros Juros .._:. .

I 
;-roJqns aldoad lsoIII pue ,.,{1uado 

srarnsul -:.--
I 

.-; oi aJour sr aJaq] tnq .(".{1aur1un 
lou r{l;=

I 
;.eap .,(laurltun Jo poorirlrlirl rr{.} uraq S?q l: -.. _

I 
' 

. 
- j 1 r,{ll .}o ssol 'rBdJ rl*rul}[n rq] q]r.\\ -=-::.:,:

] 
-...', ..{SIr:. pro.r\ aq?,(q tuearu sr }er{,r\,.re1ncr1red u1

/ .^ israr{}o Burrou8r alrq-\\ stEa.rq} auros rEaJ sn say? *
lelirt\ Zalqeldacce sr {su E rJr{tru.!r aurruJe+ap ol pasn a_
eIJO+rJJ lBrl^\ 4>1Srr azrui ',.:; .-cload op ,uaql ,.tro11

'raldeqr slqlJo r-_ - - - - jr rsrr{}Jo lsru ariJ ..;
lnoqe Surqlaruos op ue. = , .rJrilaq.u pu€ ,Buru;
-13orl{} ?l {ulq+ ar\ Jeqi.--.- , :1 ,spuadap 

{srJ ol
e:nsodxa Jno a8eu€ur ol .r ., _ - _"ri,4A .as€) 

leql

LZ rysr,g {o , -:



28 Technologtcal Risk

to protect their country, while all too mar"' ri'ill do so to

promote their religion. The dictum (still adhered to' but

now considered sexist) that in an emergenc)' one ought to

sacrifice the men to protect the women and children has

its roots in a distant era, Iong forgotten, when there was

a shortage of people. The world does not now suffer from

such a problem.
Wewilidealwithlossoflifethroughtwoprincipal

rneasures: the chance of untimely death itseif and some

version of the so-called YPLL, years of potential life lost'

The latter is often used among risk analysts, most often

counting onIY the years before age sixty-five as really lost'

This gives exPression to the view (shared bY few senior

citizensi that a risk imPosed on old folks is somehow less

ta.na'{ing to society than if it threatened the young It is
sometlmes assumed that the value of a 's remain-

mg productive IS to his or her
pre-retirement Years.

'f #rsd"-"frfiitwenty 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-

Iight 1'ears. In cold imPersonal economic terms.

old and the very more than
SU

a , we more or less break et'en, and

the -vgly
produce, -

and the

riEiTEer productir-it\. rlor personal attachments are directly

related to the nunber of years left' Yet medical statis-

tics are commonll' expressed in terms of YPLL' and the

objective of medical procedures is life prolongation-not

salr,ation, which is the responsibility of other specialists.

In the version of \?LL in which only the iost years be-

fore age sixty-five are counted, the lives of those over that

age are regarded as valueless-hardly a defensible position'

I
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1. Is the risk voluntarily assurned, 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 espri,t

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 famiiiar. 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
Khayyiim, 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 analvsts
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. \\Ihen they do, it is often
rvith little clear idea of the magnitude of the risk, provided
they believe they control their orvn 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 \vas delivered. The dealer would offer the service as a
freebie. In the end, the interlocks were so frequently dis-

i{
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chance of cata-.::,phe and judge whether ::e activities
carry, on balanct :ompensatory rewards. Bai iuck carries
consequences bc,::- timely and unmistakable You take the
chance, and pa1- .:re piper if you lose.

On the other oand, 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. N{ajor climatic change from the continued burning
,,: c,-,al and other fossil fuels (the greenhouse effect) is gen-
erallr- estimated to be twenty to a hundred years away
(though it could come sooner),
nuclear waste repository speak

while the opponents of a
of what

a ten (To see the
imagine the people of
for oui welfare. That

US o the best
couldn to

experience, the record for dis-
tant vision is held bv a former governor of California, who
ri'orried about the rvelfare of the people who will live (we
hope) a hundred thousand years in the future. If_llstead
s-e think

ago

a hundred thousand about the time

those early ancestors than
and

I

we

westtl\'1Ve.

the

on

is the

ask
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over with. An-.-,. .: can happen betn--:- - ''' and then'

and even the t= :.n be cheated of h:= - -- if we are to

believe Stepher 
''.-. 

:1.11 Ben6t. Conver==--' :iven a choice

between a gift ,:: ' :--:ilion dollars this ''-;ar' or an inheri-

tance of the sanie :-l:r{runt in ten years' it n'ould take some

kind of nut to opt -,: the iatter. Deep in our hearts, we d--o

know that we shou,: discount the

rate very much on

olrr sense SCCUIl B make such

actice, and it; is possible

experience.

to learn about our

collective wisdom from their Judging from the

rates used for savings accounts) investment returns' and

a1inilffi--ti;G;;f pr6senfu-:il'e'alttr for future benefi ts, trhe

rate at s,hich we have historically discounted the future
ercent per Year ovel

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 policl- irolder doesn't s'ait for loss, but pays

premiums now as a hedge against a future cost' A trust
fund is the same a-s investment; resources are squirreled

away (with interest i for future rn'ithdras-al. If the future

withdrawal is to deai rnith a future contingencl'. and is

made available at the time of the contingenc:'. it is called

insurance, and the inr-estment is cailed a pre:nium.

All of these financial shenanigans are based upon the

same concept-an1'thing destined for the future is worth

less now, whether it is good or bad. As rvas said ear-

lier. this doesn't hai'e the status of a law of nature, but is
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different views -, .-= value difference b,t:---_' :he future
and the presen: - :,:e the principle is a.: -.::='i. however,

there are drarr,1-.- -r,nsequences for d.-:-,: making on

risks; one u'ill '-' ..,'-. devote more ef:,:: and resources

to dealing u'ith '*-::rediate problems. The future will be

treated fairil'. nslq.=r overrated nor underrated-both er-

rors are common.

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
:ace. but the event was not due for two hundred years.

-{ccepting 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 norl'to avert the disas-
ter, or invested in a savings account. so the $5 trillion will
be s'aiting in the bank when it is needed. (What bank,

)'ou may well ask, but bank is just a figure of speech.)
A discount rate of 5 percent would har-e 1ed to an an-
swer near $300 miliion. and a reasonable number probably
lies somewhere betu-een. I\either of these appears to be
particularly expensir-e as the cost of prophr'laxis or cure
for a misfortune of that magnitude-a single airplane can
cost $300 million these days-and most of us u'ould proba-
bly want to make the investment, out of an unquantifiable
sense of responsibilitl' for future generations. \\:e can think
in terms of two hundred )'ears. If we were talking about a
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they fail, but ,- i.- hem a chance befort : - - :s to suggest

a settlement p.-"' * That would be a .----, ,,i settlement

out of court. I . a clear winner, a p-:!-:-= gain with no

chance of loss. :',.: u-hat is it worthl S-:,,,e an even-money

chance of winniri: ,i1,000 gives an average expectation of
gain of $500, one r''ould 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
n,lnev in hand, and the coin flip is for a loss, not a gain.

Tre 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 mathenatician should still offer
to settle by paying back $500 to lorego the toss, or, if he

is consistent with the previous choice, ]re should be willing
to pay $650 to assure the net gain of ;-350. But no, players
still offer only about a $350 settlemerr, preferring to gam-
ble everything on the chance of not 'l,sing anything. To
a mathematician or statistician, or ever- :c a professional
gambler, this makes no sense at all. -{ ol,:,fessional gam-
bler should lick his chops at the chance ol nretring someone
like this.

So people will generally gamble to ar-oitl loss. but are
conservative about potential gains. There ths1. prefer to
take the bird in hand. This assumes, of course, that they

t
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But whai : -- :,ur citizenry thin ; -: .-, nis? About
ten years ago a: ,-.,:=gon-based researc; :..... -zation asked

four different gr,:.-:,s of people-memi'=:. -- lhe League of
\\bmen Voters. c,rllege students, men-i,tr= of a business

and professionai c-ub, and finally er?erts-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.
\\ e 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. Fui11' 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 }arge
enough doses, of many of the things $'e eat regularly, in-
cluding fluorides) have not been borne out. Fluolidqtion
has been as close to an absolute winner a-c can be found
nearly all benefit at no detectable down

Yet the political pressures are such that. despite near
side
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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. r.vith 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 :grares and in Western
Europe, of substantial and effectir-e political forces that
are simply opposed to technology. and use their politi-
cal strength almost entirely for obstrucr-\'e purposes. The
German Greens are the most open abolr their platform,
while the American equivalents are less rvell iocused. They
evoke in many of us a genuine nostalgia for a simpler life, a
reaction to the fact that our technological rr-orld is simply
harder to understand. The sense that n.e har.e somehow
lost control of our destinies is certainh. depressing, and
an anti-technology posture can strike a responsive chord.
Opposition to change, especially technological change, is
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know that the e; :- goes around the su ::--: a year, and
it is an unending s::uggle to keep the tea"::--g of evolution
legal in the schoo-s. -{mericans are abo:: eveniy divided
on whether evolution or creationism is more correct. Half
the American people believe in lucky numbers. Finally, as

a direct consequerce. it has been estimated that American
industry spends as much on remedial mathematics educa-
iion each year as is spent on direct mathematics education
-:- riementary schools, high schools, and colleges.

\Ian1'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-
orny 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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rn an ideal h;-.-..:,-i, At the top of t::. -:, was nuclear
:hysicist. (Sir.:. :--s author is a malt ;:..rcist with nu-

rlear pretensior-., :iLat is heady stuff. P:--. =:cists. especially
theoretical ph1-s-,:-sts, don't get manl- chances at a good

fantasl'.) Alas. irr 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. Whiie 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 essa5, Tragedy of the Commons, made the point
that a society can be badly served if each member of that
s:,cieti'makes decisions aimed at serving his own perceived
seii-interest. The composite of individuals acting in their
ou'n interests can easily translate into a situation in which
not only the society but each individual comes out badly.
His example was a comrnon pasture, in which each individ-
ual can appear to benefit by adding to his herd. leading
to overgrazing and destruction of the pasture. \Ve con-
trol such problems b.v accepting the strictures of govern-
ment) balancing each individual's freedom of choice against
the demands of the general welfare. The underlr-ing 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 dou'n er-en more
when the participants are ill-informed. Even a minority
can then do reai damage.

There is, of course, a history. In the eariv nineteenth
century in England. as part of the Industrial Revolution,
automatic machinerr. lvas introduced into the textile in-
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days, and ti=- .an't be spared for l' . .-.-,j of work. On
this one, ho;.'=-..r. technology won :t= r.:r.,t round. By-
ron's daughte: -\da, Countess Loveia,:= ;.'cs one of the re-
markable ear.'.- figures in the histor'. :: c,.rmputers, and a

nodern compurer language is'nameci aner 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 technologv mav be destroying the
environment, and have presumably never seen the environ-
ment in other, Iess 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 cornparable 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 qualitv 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 rs the politics of com-
placency, embraced by more than a fen' of the guardians
and keepers of risky technology. The verr' lou, probabili-
ties that go with some of the more unlikelr- 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 tliat 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-
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