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A "People-Centred" Concept of
Society-Wide Risk Management

by E. Siddall and C.R. Bennett

Un concept de gestion des risques
pour l'ensemble de la société axé
sur la population

par E. Siddall et C.R. Bennett

Abstract

A methodology for society-wide risk management is
proposed which would start by estimating the totality
of real risk to the members of the society and break
this down into all those components or categories
which make an appreciable contribution to the total
— say a minimum of 1%. Obviously, any component
contributing less than this minimum should receive
little attention, since even its complete elimination
would have a neglible effect. Among the important
components and categories, the magnitude and the
"tractability" would be decisive in the amount of
effort which would be devoted to their reduction.
These factors would combine in the estimated cost
of saving an extra statistical life in that activity. Most
effort should be devoted to those activités with the
lowest such index; the general law of diminishing
returns would make the allocation dynamic rather
than fixed.

Résumé

Le présent ouvrage propose une méthode de gestion
des risques pour l'ensemble de la société suivant la-
quelle on commence par évaluer la totalité des ris-
ques réels pour les membres de la société et de les
répartir en groupes ou catégories qui contribuent de
manière considérable au total, c.-à-d. qui comptent
pour au moins 1 % dans les risques. Bien sûr, tout
élément dont la contribution est inférieure à cette
valeur minimale susciterait peu d'intérêt, car son
élimination totale aurait un effet négligeable. Parmi
les catégories et éléments importants, la magnitude
du risque particulier et la mesure dans laquelle on peut
l'éliminer loueraient énormément dans la question de
savoir quelle quantité de ressources on doit affecter
à sa réduction. Ces facteurs seraient compris dans
le coût estimatif des efforts en vue de sauver une vie
statistique supplémentaire dans cette activité. Dans
une large mesure, les efforts devraient être concen-
trés sur les activités ayant l'indice le plus faible; la
loi générale de la diminution des résultats rendrait
l'affectation dynamique plutôt que fixe.
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INTRODUCTION

The central feature of our present "western" civilization is
the achievement of a high and rising quality of life for an
increasing number of people by the use of material re-
sources which are more and more easily produced by the
continued application of science, technology and common
sense. In the wealthy nations, we are now beginning to pay
more attention to more subtle aspects of what we are doing,
and this is made easier because the surplus of resources
which can be produced over what is needed for essential
purposes is now great. One particular example of this is
the great increase in awareness and concern about RISK
and its converse, SAFETY. Unfortunately, instead of be-
coming simply another aspect of the growth of knowledge
and understanding, this field of interest has been mainly
characterized by a series of "scares" about particular
sources of risk which for a variety of reasons have been
selected for special attention by news media and some
groups having special interests and beliefs.

The present situation concerning risk is full of paradox.
The impediments to reasoned progress arise because we
are too interested and too concerned about the subject, not
the reverse. Not only "public opinion", but also the views
of the scientific and professional community as expressed
in an already voluminous literature reflect great concern
about some risks which are vanishingly small in relation to
a number of large risks which are apparently accepted with
equanimity. There are a number of cases where the evi-
dence clearly indicates that measures taken on grounds
of safety actually resulted in an increase in overall risk.

PERCEIVED RISK

Several papers in the literature have included tabulations
of the risks to which members of a society are exposed.
These almost always show that many familiar and long-
existent risks are much greater than those which have been
the subject of current or recent scares. Unfortunately, the
majority of otherwise intelligent and reasonable people do
not seem to be able to translate the obvious conclusions
into any kind of remedial action.

The scientific and academic community has compound-
ed this problem by apparently attaching as much impor-
tance to the idea of "perceived risk" as to the analysis
and management of real risk. Perceived risk is in fact the
pattern of the states of some millions of neutrons in a
human brain. It is clear that such patterns are easily trans-
mitted directly from one person to another, and even to
millions of others, in our highly gregarious species. Apart
from one small exception, perceived risk cannot result in
hurt, and therefore cannot play any important part in risk

management. The exception is that a widely published
scare might implant such a perceived risk amongst a con-
siderable fraction of the society. In the minds of some
susceptible members, this could in turn grow into neurotic
anxiety which may in the extreme drive the victim to suicide.
3755 people committed suicide in Canada in 1983, 3278
of them below the age of 65. In at least some cases this
could have been the cause.

BASIC CONSIDERATIONS

For the present purpose, the application of scientific method
will in general involve:-
• Stating the problem
• Considering and defining the objectives
• Translating objectives into terms of quantitative

parameters which should be controlled
• Measuring such parameters (â la Lord Kelvin)
• Taking actions which can reasonably be expected

to bring about the desired control or change in the
parameters

• Periodically remeasuring the parameters to monitor
progress or otherwise

• Reinforcing progress and abandoning failure, that is,
continual trial and error, going right back to the begin-
ning if necessary.
It is perhaps strange that it should be thought necessary

to include such an elementary dissertation at this late stage
in the "age of philosophical analysis", but it seems that
the continual intrusion of emotional and political factors
into the study of risk and safety has inhibited scientific
method. Probably the only test of good science is to put
it alongside whatever alternatives can be produced, the
highest intellectual levels of the brain being employed to
decide what is "good" or "better". In this case, there is
an element which defeats the process; if the inferior alter-
natives suppress the application of good science, the com-
parison cannot be made.

The remainder of this paper is offered for consideration
as a case of the application of good science and common
sense to risk management in a developed society, using
Canada as an expample.

RATIONAL RISK MANAGEMENT

Life in an advanced society like that of Canada is now very
safe, that is, the totality of risk is quite small, certainly very
much lower than has ever before been the case for man
or any other kind of animal. The evolution of all animal life,
including human life, occurred over immense numbers of



generations exposed to very different and much greater
isks than those that now prevail. It is therefore possible

that our instincts and built-in survival responses are no
longer relevant or effective; in some cases they may even
have become counter productive. Today's problem is to
deal with the occurrence or consequences of a great variety
of hurtful events, highly random in nature, time and place,
the probability of each of which varies from low to vanish-
ingly small.

As discussed in an earlier paper [6], the hurtful event
which is of by far the greatest importance is premature
death. In the advanced countries, human mortality data
are very accurate, complete and reliable. Despite the high
degree of safety which has been achieved, the populations
involved are so large that large numbers of premature
deaths are recorded; in Canada in 1983, the number was
53,900. Our basic objective in risk management must be
to reduce this enormous number in the future.

At every level, from the individual through the family,
through groups and sub-communities of all sizes, up to the
society or nation, almost every simple or obvious way of
avoiding premature death is already being fully exploited;
SURVIVAL is basic to our gregarious species and always
has been. At the same time it is quite clear that a high
proportion of risks can be further reduced, but only as the
result of a deliberate effort or activity of some kind, and
this almost always involves the spending or foregoing of
money. This money represents the available resources of
the society, which are limited and also subject to demands
for other uses considered necessary or desirable by the
society. If a particular amount of money is available for
some activity which does nothing but improve safety, it
cannot also be used either to improve the quality of life
or for the multiplication of itself via industrial investment
or operating costs, which would increase the amount of dis-
posable money later.

These considerations led to the proposal made earlier
[5] that the society's spending on safety should be guided
by the COST OF SAVING AN EXTRA STATISTICAL LIFE
(CSX) estimated for each option. Resources should gen-
erally be allotted to the options having the lowest CSX and
the expenditure should be truncated at the level where the
cost of saving further lives was judged by the society to be
too high in relation to other desirable uses for money or
in relation to the need and opportunity to have greater
wealth (i.e. more money) available in future by profitable
investment at the present.

All this simply amounts to looking for the greatest sav-
ing of statistical lives per dollar (or per million dollars)
invested or foregone. How can this be achieved in practice?

Two guiding principles are obvious:-
• A large reduction in risk can only be achieved if the risk

is high to start with
• There will be no "easy pickings", for the reason men-

tioned above. Success will be necessitate research and
study, often in new and unfamiliar fields, together with
clear thinking and energetic action.

An essential starting point is a systematic review of past
mortality data with the object of identifying those causes
of mortality which are most likely to be amenable to reduc-
tion. Most single causes, as typified for example by 4- or
3 digit categories in the International Classification of
Diseases (ICD) used by Statistics Canada, amount to only
a very small fraction of the total mortality. Means must
therefore be found to deal with many similar or related
single categories by one broad action. This implies the
discernment of some element of commonness of cause or
of susceptibility to common remedies amongst the different
single causes.

To plan for innovation and advances of knowledge is at
first sight almost a contradiction in terms, but fortunately
it has in fact proved to be possible many times in recent
years. It amounts in practice to the choosing of fertile fields
for research and experiment. In the case of mortality sta-
tistics in the advanced world, it happens that there are some
large categories in which large differences exist between
similar populations or have arisen in the same population
in a short period of time, and these are obvious cases of
such fertile fields of enquiry.

In other cases it is quite clear what kind of research or
what other kind of action is needed but little or nothing is
being done about it. The problem is to enlist support and
to bring about action. In one particular case, smoking,
research is no longer the limiting factor; what is needed
is political action.

Table I outlines some salient possibilities for a systema-
tic society-wide policy of risk management in Canada follow-
ing the preceding discussion.

Section A states the problem that needs to be attacked
and shows its magnitude. It also shows two possible quan-
titative objectives. The interim objective is based on the
assumption that mortality from neoplasms and from circula-
tory system diseases is reduced to 20% of its 1983 level at
each age and all other mortality rates are reduced to 50%.
The ultimate objective is arrived at by assuming that all mor-
tality before the age of 40 and all cancer and circulatory
disease mortality is eliminated, and that mortality from all
other causes above the age of 40 is halved and remains
as the manifestation of the inevitable process of aging.

Section B shows a number of cases where large differ-
ences in mortality rates exist, or have arisen in a short time,
within or between similar large populations. In each case,
the effect is shown as the increase or reduction of the
number of premature deaths which would have resulted if
the stated difference in conditions had been imposed on
the population of Canada in 1983. This is done to show the
scale of the improvement which might be attainable not by
fundamental change but by the manipulation of factors
which are already in effect amongst large populations. It
would be a matter of research to identify these factors.
Where the number has a plus sign, the intention would of
course be to move further away from the alternative shown,
not towards it.



Table II, admittedly trivial by comparison, shows some
cases of "perceived risks" which at present form an im-
pediment to rational risk management. The number of pre-
mature deaths from all these causes is negligible compared
with the numbers in Table I; their complete elimination
would make no perceptible difference. The excessive con-
cern aroused for some reason in these cases is simply a
distraction from the real task.

LIFE SAVING ACTIVITIES

Section B of Table I lists some statistical calculations which
point to possible areas of large scale risk reduction.

The largest of these is B1. It has been clear since the
beginning of civilization that it is safer to be rich than to
be poor, but only the most miniscule amount of research
has been done to explain this. A recent study which ad-
dresses this matter directly with the minimum of com-
plication by other factors is that by D.T. Wigle and Y. Mao
Ref. [ 4 ), based on the Canadian census of 1971. Amongst
much other detailed and useful information, it revealed that
among urban dwellers, the poorest 26% had a premature
mortality rate exactly twice as high as that of the richest
17%. For the average Canadian, the figure was 1.61 times
as high as for the rich urban group; if it could have been
reduced to the same value, there would have been 20,496
less prematue deaths in Canada in 1983.

This figure is incredibly high. The basic phenomenon
was noted in an article related to safety as early as 1959,
but the facts still seem to be little known and even less
understood. The 1971 census occurred soon after the in-
troduction in Canada of a most comprehensive state health
scheme. It would be of interest and importance in regard
both to safety and to the government of the nation in general
to observe the effects of this radical development after
10 years by the obvious step of repeating the Wigle and
Mao study for the 1981 census. It is an indication of the
present state of affairs that there are no plans to do so
because of a general lack of interest outside the group
which produced the original report and the unavailability
of a few hundred thousand dollars.

In B2, the number of premature deaths resulting from
smoking is calculated pro-rata from the data given in Ref.
[7]. The elimination of smoking is a subject that has mostly
passed from the fields of science and reason to those of
human emotion and politics. Since it is in the narrow sense
self-inflicted, it may not be right to prohibit an adult from
imposing quite a large additional risk upon him- or herself
by continuing to smoke. However, for the society to allow
entrepreneurs to make money out of growing and sell-
ing tobacco, and as part of this activity to induce young
people to start smoking by glamorous advertising which
is an important source of income to news media, is either
hypocritical or muddle-headed in comparison with the

uproar which is raised, for example, over the items of Table
II. Smoking imposes an added burden on Canada's provin-
cial (and federally supported) health schemes, although this
is offset by the large revenues from the taxation of tobacco
products which politicians would find painful to have to
replace. It is also seems certain that an appreciable morta-
lity results from breathing air polluted by smoke from other
people's cigarettes.

The data underlying item B3 are more extensively shown
in Fig. 1, which shows the rapid and sustained reduction
in the rates of premature mortality in Canada from 1931,
when the first fully comparable data became readily avail-
able, to 1983, the latest year of availability. The figures for
1965 and later are calculated in a different way from the
earlier ones and are less precise, but the differences are
believed to be small. Fig. 2 gives the more recent period
in more detail; some data from Wigle and Mao and recent
data for Britain are also shown. The figure shown in line
B2(d) arises from comparison with 1977. If an earlier year
had been taken, the figure would have been even larger,
but the number and magnitude of the changes which would
need to be studied as possible causes might have pre-
sented more difficulty. It will be seen that in this case it was
possible to break down the total effect into three sub-
categories, each large.

Item B4 might well be considered a matter for Britain
rather than Canada to worry about. However, if a full under-
standing could be achieved of why the British rates remain
higher, it seems very likely that both countries would be
rewarded. Item B3(a) would of course appear to be closely
related. Fig. 3 shows some of the data relating to B4 and
B3(a). The differences between the mortality rates are not
large as ratios, but the area between the curves represents
thousands of lives lost per year. The causes might prove
to be primarily medical, or to do with diet, or might be
something quite unforeseen at present. What is needed is
research.

Item B5 is the reverse sense to B4; the accident risk in
Britain is much lower than in Canada. Road accidents, for
which the rates are also lower, have been excluded be-
cause the situations in regard to transport are quite different
in the two countries. It seems unlikely that medical factors
could contribute much to the difference; research in the so-
cial and technological fields appears to offer most promise.

MEDICAL RESEARCH AND MEDICAL CARE

It is quite obvious that the reduction or elimination of a high
fraction of causes of premature death will depend on ac-
tions in one or more of the many branches of medical
science and its application. Even where the root cause is
external, it is probable that medicine will be involved, if only
in tracing the cause from its manifestation in the human
body. The control, palliation or elimination of a succession



of deadly diseases, for example from smallpox to poliomye-
litis, has resulted in the saving of something like a hundred
million lives (premature deaths averted) in the advanced
countries alone as a result of experiment and research. The
total cost per life (CSX) saved in this way has probably been
only a few thousand current dollars, and since the saving
of life in effect goes on indefinitely, the CSX for each suc-
cessful discovery tends to diminish continually.

The very high degree of achievement of science in re-
cent decades is exemplified by the unravelling of the pro-
found mystery of the double helix of DNA which lies at the
root of life itself. There now seems to be a fair probability
that means will be found first to manage the chemistry
of the blood system so that the plumbing is no longer so
readily plugged up or perforated and second to combat the
element of malignancy which underlies cancer. Thus the
two major killers of today may soon go the way of typhoid
fever and tuberculosis.

In the present context, what is important is whether the
resources which are presently being allotted to the medical
field are approximately optimum. At present about $300
million per year is being invested in Canada in medical
research. At a typical society wide CSX of $350,000, the
tote, saving of life resulting from each year of medical
research, integrated over time, should be about 900 to
break even. If the past is taken as a guide, and bearing
in mind the objective and the other figures of Table I, this
seems a modest expectation. In fact, of course, all the
world's medical research is in effect pooled; each country
shares in the total effort and in the benefits.

OVERALL RISK MANAGEMENT —
STRATEGICAL FACTORS

There are many elements of the overall problem that over-
lap more than one of the areas discussed above. In addi-
tion, particularly in the early stages, it may not be at all clear
where either the problems or the possible remedies lie.
However, the accumulation of better accessible data about
mortality is a common requirement for all aspects of risk
management. A central directing and co-ordinating group
is therefore required.

A matter which such a group might consider at an early
stage is the possibility of holding a systematic inquiry into
every premature death, with the intention that much more
relevant information would be made available for subse-
quent research and remedial action. The guiding principle
could be that a professional investigator should prepare a
report including full background information about the vic-
tim and as complete an explanation as possible of the event
and all the relevant circumstances, without restriction to the
medical or any other field. Such a report might typically re-
quire an average of two days of work by a specialist inves-
tigator, possibly attached to a police department. Much of

the kind of investigation which would be involved may
already be normal practice by the police, in which case the
extra cost would be less. The emphasis would however be
on reporting all relevant factors rather than looking for possi-
ble crime or culpable negligence.

This proposal simply amounts to taking premature death
much more seriously; it would merely be an extension of
the systematic reporting of incidents, mishaps and acci-
dents which is now commonplace in high-technology indus-
tries such as aviation and nuclear power. As in those cases,
the inquiry would need to be confidential and some degree
of legal shielding would be necessary as part of the price
of getting as much of the truth into the data base as pos-
sible. The important difference is that industrial event
reports almost invariably relate to events far less serious
than the actual death of a human being.

OVERALL RISK MANAGEMENT —
APPORTIONING THE EFFORT
AND RESOURCES

It seems clear that programmes of action logically intended
to approach the objective stated above will in their early
stages consist almost entirely of research, and it may be
more honest to admit that in many cases it may simply
amount at first to "groping for leads". However, the poten-
tial returns are great. A survey in an earlier paper [5] sug-
gested that at the present state of our society, with the USA
and Canada as the main example, it is possible to save a
statistical life for the investment of about 300,000 Canadian
1982 dollars ($Cdn82) which is about the equivalent of
350,000 $Cdn85 or 250,000 $US85. It is to be particularly
noted that this is not a value or a valuation of life. It is simply
an observation of what it cost or would have cost to save
the statistical life by some action that was either taken or
considered.

A guideline for investment in research into promising
categories of mortality such as those listed in Section B of
Table I should be considered. 100% success could be con-
sidered to be the saving of all the "differential" lives shown
in Sec. B. and this would be worth the CSX per life saved.
The probability of success may not be great, but it is cer-
tainly not zero either. It is therefore suggested that 1% of
the typical CSX for every differential life should be invested
into initial research in such cases. The total programme im-
plied by all the items in Section B would require an 100,000
$Cdn85 per principal professional researcher per year in-
cluding assistants, accommodation and administration, this
would suggest the numbers of principal researchers shown
in the last column of Table I. These would surely be ample
to make rapid initial inroads into the areas of ignorance and
uncertainty. It would be expected that as the programme
developed, openings for more promising specific lines of
action and enquiry would open up, and many "blind alleys"



would be abandoned; the intention would be that the com-
bined effect would ultimately result in saving lives at about
the typical CSX, that is, at about 100 times the initial invest-
ment, which does not seem to be expecting too much.

The case of smoking is of course quite different; the CSX
is negative and any refined concept of optimizing spending
is irrelevant. The elimination of smoking would mean a large
reduction of net real cost to the society. There would be
an immediate hardship to those who would lose their jobs
and governments would lose tax revenues, but these fac-
tors would be more than offset by a great increase of the
disposable wealth of ex-smokers.

As discussed above, medical research should be regard-
ed as a separate and parallel, or even competitive, activity.
It is more immediately promising and may both benefit from
and help the "Section B" activities.

CAN CANADA AFFORD RISK MANAGEMENT

Is the proposed financial support for a much higher level
of reasoned risk management in Canada, or any similar
country, likely to be achieved? The cost should first be seen
in proportion.

At the suggested value of the CSX, the elimination of
all the 48,000 premature deaths which would be expected
in 1986 from the extrapolation of the present trend would
cost 16.8 billion $Cdn85, or about 4.8% of the GNP. This
is far less than would have had to be committed to fight
a "World War I I " . This shows that this value of the CSX
is not unreasonably high, at least for the initial stages of
a programme.

The present level of medical research costs less than
0.09% of the gross national product (GNP). The proposed
investment to attack the Sec. B cases would add less than
another 0.045%. Fig. 1 shows what is already being achiev-
ed even in the absence of rational overall management.

When these facts are taken into account, the proposed
approach looks like very good value for money, and there
can be no serious question of Canada's ability to afford at
least the initial steps.

CONCLUSION

It will be seen that the proposed concept of risk manage-
ment amounts to a rational effort to reduce human mortality
which is the detrimental manifestation of risk. It may there-
fore be described as "people centred". By its nature it is
logically directed towards making a meaningful reduction
of the large risks to life in our society. By contrast, conven-
tional views of risk have so far been predominantly "source
centred", with the result that the benefits to people have
tended to be capricious and small.
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APPENDIX

The "life table" probability of death before age 65 is used
in Figs. 1 and 2 as the index of society-wide risk. In effect,
the data apply to a notional population in equilibrium with
its age-specific mortality, and the need to age-standardize
to an arbitrary population distribution is thus avoided. This
matter is discussed in Ref. [6|.

Up to 1961 the life tables used for Fig. 1 were those given
in Ref. |2]. From 1965 on, life tables used for Figs. 1 and 2
were calculated from the appropriate editions of Refs. [ 1 ]
and [3], assuming constant death rates over the age inter-
vals listed, which were 5 years except that the first was
divided into intervals of 1 and 4 years.

The rates shown in Fig. 3 were calculated from the ap-
propriate editions of Refs. [1 ] and |3].



TABLE I CANADA 1983

SECTION A

The scale of the problem.

Canada 83 Pop. 24.9 M. Births 373,000

Proposed objectives.

Interim objective. Pop. 24.9 M. Births 273,600

Ultimate objective. Pop. 24.9 M. Births 246,400

SECTION B

Indications of possible large scale improvements.

B1 Mortality of all Canadians reduced to that of the richest 17% of urban
dwellers, (pro-rata 1971) (Econ., Soc, Med.)

B2 Elimination of smoking. (Soc, Pol)

B3 Reversion to Canada 1977 rates:-
(a) Circulatory system disease (heart disease & strokes) (390-459) (Med.)
(b) All accidents (E800-E999) (Soc, Tech.)
(c) All other causes (Soc., Econ)

(d) Total, all causes

B4 Circulatory disease (heart disease & strokes) (390-459) rates raised to
rates for Britain 1983 (Med.)

B5 All accidents (E800-E999) except road accidents (E810-E819) reduced to
rates for Britain 1983 (Soc., Tech.)

'Areas of activity likely to be involved:-
Medical, incl. diet. (Med.) Economic, (Econ.) Social, (Soc.)
Technological, (Tech.) Political. (Pol.)

Deaths

Premature
(Age 65)

53,900

11,400

2,100

Premature
Deaths
(Diff)

- 20,496

-13,400

+ 5,199
+ 3,109
+ 3,771

+ 12,079

+ 5,024

- 3,276

Aging
(Age 64)

120,500

262,200

244,300

Suggested
scale of
research

717

See text

182
109
132

423

176

115

TABLE I I SOME RISK SOURCES NOT LARGE ENOUGH TO BE IMPORTANT
IN SOCIETY-WIDE RISK MANAGEMENT (PERCEIVED RISKS)

PCBs.

Dioxins.

Other micro-pollutants.

Urea-formaldehyde foam insulation.

Asbestos.

Transport of dangerous materials.

Fires in public buildings.

Civilian nuclear energy.
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