CHAPTER 2

Risk Assessment Methodology

Environmental Hazard is the threat potential posed to man or nature by events
originating in or transmitted by the natural or built environment. Risk Assessmens
is an appraisal of both the kinds and degrees of threat posed by an environmental
hazard. Such appraisal includes the recognition of a hazard, the measurement of its
threat, and understanding the social meaning of such measurements.

A convenient starting place for & typology of assessment practices is the
distinction that Otway makes regarding risk estimation and evaluation
(Otway, 1973). For Otway, risk estimation is

... the process of quantifying as far as possible, the risks presanted by
the operation of a particular facility ... an expression of the prob-
ability of a specific outcome occurring due to a specific cause , . . Risk
evaluation is the comparison of these estimated risks with other risks
existing in society in the light of the societal reaction to thess other
risks. . . (Otway, 1973, p. 354)

If we seek to expand these notions developed from the nuclear and space
programs to encompass the range of human behaviours and environmental hazards,
some conceptual extension is needed. For one, the course of the risks being assessed
may be in doubt. It is actually rare that a ‘particular facility” is being considered;
more than likely, the source of threat is an entire environment such as the seas, 2
complex polluting source as a city, or a many-origin process such as heat
generation. Indeed, it may be a major scientific advance to even identify a threat.
Thus, there is need for a preliminary practice of hazard identification before more
detailed appraisal takes place.

There is also need for broadening the concepts of estimation and evaluation. The
estimates of the likelihood of risk may relate to an event, to its consequences, or
both. Risk estimation may include quantified estimates of probability or
non-quantified and/or non-probabilistic estimates, and these may be revealed,
intuited, or extrapolated from experience. Social evaluation of risk may seek to
avoid some risks at all costs (aversive risk), balance some risks with others (balanced
risk), or weigh the risks encountered with benefits obtained (benefit-risk) and with
other costs (cost-benefit). The sequence of operations may be the ordered rational
model of estimation followed by evaluation foreseen by Otway or quite different
sequences reflecting other cognitive and affective modes.

To sum, then, hazard idenrification is the recognition of a hazard, the answer 1o
the question: what constitutes a threat? Its methods are the methods of research, of
screening, of monitoring and diagnosis.

Risk estimation is the measurement of the threat potential of the hazard, an

12



13

RISK
ESTIMATION
Revelatlon
Intuficion
Exrrapolacion

HALARD

IDENTIFICATION
Rosnoarch SOCIAL

Screening EVALUATION

Momito

fit-Risk
Cost=-Renefic

Figure 2.1  Risk assessment elements

answer to the questions: how great are the consequences, how often do the events
occur? Its methods are methods of knowing: revelation, intuition and extrapolation
from experience.

Social evaluation is the meaning atrributed to the measurement of threat
potential, an answer to the question: how important is the estimated risk? Its
methods are methods of comparison: aversion, balance, and henefit-cost analysis.

The elements of risk assessment — identification, estimation and evaluation —
are not rigidly separate categories of endeavour, They overlap considerably, both in
concept and practice. This view of the risk assessment process is shown graphically
in Figure 2. 1.

The relationship between risk assessment and societal coping with environmental
hazard is depicted in Figure 2.2, returning to the model of coping in which
environment and society interact to create events and consequences with hazard
potential and actions to cope with these as well. While the various elements of risk
assessment overlap, they also center on different elements of the model. Hazard
identification searches the interaction of environment and society for threatening
events and consequences, Risk estimation focuses on the likelihood of events and
consequences, touching on the event-generating mechanisms of the environment
and the efforts of coping action. Social evaluation serves to weigh consequences
against coping actions and societal values.

While there is some overlap, each of the risk assessment elements is distinctive.
In this section, each is explored in tumn: the prevailing methods are explained and
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Figure 2.2  Risk assessment in coping with environmential hazard

classified, the supporting theory is listed, and the outstanding problems are noted.
Each element concludes with a case example from the literature,

2.1 HAZARD IDENTIFICATION

The central question of hazard identification is: *What constitutes a threat? In
the interactions between environment and society, what are the products,
processes, phenomena and persons that constitute environmental hazards, posing a
threat to man and nature? In the sequence of risk assessment, this probably
constitutes the most important but least studied element.

2.1.1 Methods: Research, Screening, Monitoring, Diagnosis

For most of human history, the identification of environmental risks arose from
direct human experience of events and conseguences or from the application of
ritual or magic. For the last hundred years, and for the future, the recognition of
hazards will depend, for the most part, on science. The major tools of hazard
identification will continue 1o be research, screening, monitoring and diagnosis.

Research  Fundamental scientific research, “pure science,” is not purpossfully
directed toward risk assessment. Primarily it creates knowledge for knowledge’s
sake (and the sake of the knowledge-seeker), spurred by the human need to know
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and uvnderstand the world. The identification of new hazards by basic research is
itself haphazard. But scientists, while pursuing their traditional disciplinary
inquiries, have sensitivity for social or environmenial portent. Thus, given the
exponential increase in scientific activity, the basic research activiry of fundamental
science is both a substantisl znd necessary filter for the threstening. It is
insufficient, however, without the efforts of both “critical” znd ‘practical’ science.

Ravetz (1971) has described the emergence of “critical science” or what othens in
the United States have rather self-righteously called public interest science (von
Hippel. and Primack 1972). In his words:

... We now see the emergence of scientific schools of 2 new sort. In
them, collaborative research of the highest quality i done, as part of
practical projects involving the discovery, analysis and criticism of the
different sorts of damage inflicted on man and nature by runaway
technology, followed by their public exposure and campaigns for their
abolition . . .

The work of enguiry is largely futile unless it is followed up by
exposure and campaigning; and hence critical science is inevitably and
essentlally political, Its style of politics is not that of the modern mass
movements or even that of ‘pressure groups' representing a particular
constituency with a distinet set of interests: it is more like the politics
of the Enlightenment, where a small minerity uses reason, argument,
and a mixture of political tactics to arouse a public concern on matters
of human welfare . . . (Ravetz, 1971, pp. 424-423)

It is a matter of historical judgment as to the uniqueness of ‘critical science’; the
best of science is peopled with exsmples of “critical science’ from other years. But
the central point is not easily denied. Much of the current recognition of hazard
from new technology is attributsble to the efforts of ‘critical’ scientists. But neither
fundsmental scientific research nor critical sclence is sofficient for hazard
identification. The institutionatized task falls on “practical’ or “applied” science for
the identification of hazard by screening. monitoring or by dizgnosis.

Screening, monitoring and disgnosis  The distinctions betwesn screening, monitor-
ing and diagnosis are not weil established, but a reading of recent usage suggests the
following. Screening is a process of hazard identification whereby a standardized
procedure is applied to classify products, processes, phonemena or persons for their
hazard potential. Monitoring is 2 recurrent process of observation, recording and
analysis of products, processes, phenomena or persons for hazardous events or
consequences. And diggnosis is an assessment of their symptoms or conséguences
in relation to possible causes.

The foregoing methods of hazard identification seem arrayed along a dimension
of relative suspicion of hazard potential, Screening procedures lend themselves to
search procedures akin to ‘fishing expeditions. Monitoring for hazards always
involves some existing suspicion of potential threat, for the purpose of monitoring
is 10 measure variation in some critical indicator, the cumulation of a hazardous
condition, or the failure of a preventive device. Diagnosis requires some knowledge
of events or consequences, the lncation, etiology or treatment of which is in doubt.

Goodman (1976) has sageested expressing this relationship as a sequential one,
wherein each method employs similar elements — suspecting camses, scrutinizing,
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and discerning effects — but in a different sequence. The sequence is as illustrated
in Figure 2.3,

A typical screening program is that prepared by Committee 17 of the
Environmental Mutagen Society (1973) for the routine screening of chemicals
entering the environment for mutagenicity. In that program the arguments for
screening are based on the seriousness of the consequences of genetic defects and
the deleteriousness of most mutations. Increased health care has made natural
selection less effective as a factor of control. By the time such mutations become
manifest, if at all. by monitoring or diagnosis, severe genetic damage may have
occurred. Therefore, 2 case is made for the routine screening for potential
mutagenicity of all chemicals prior to their widespread introduction into society.

These screening systems are not simple, nor are they wholly sensitive and
comprehensive. They involve the use of critical biological organisms, much
supplementary knowledge about the chemical sources, special scientific skills, and
costs ranging from one to twenty-five thousand dollars per screened substance (see
Table 2.1).

Another recent example of screening procedures is the study report of the Panel
on Assessing Potential Ocean Pollutants (National Academy of Sciences, 1975). The
panel sought to develop and test a method for screening ocean pollutants to
determine ‘whether they clearly pose a potential hazard, whether they are clearly
unimportant, or whether they fall into an intermediate category and need further
study.’ A methodology was developed and applied to a series of case studies.

The proposed method is in three stages. The first, called ‘a mail and telephone
exercise,” is 1o screen materials (litter, dredge spoil, chemical waste, mine tailings,
radiological or biological materials) to determine which ones merit consideration on
the basis of quantity, form. persistence, biocumulation and toxicity.
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TABLE 2.1 Operational Characteristics of Mulagen Screening Sysiems

Teal system

Microorganisms with mets-
bolic activation:
Salmonells (v phimrim
Eselrerichia coli
Yeasts
MNewrospora crassd
Cultured mammalian cells
with metabolic activation
dupted assay wilh:
Microorganisms
Mammaliun cells
Bady fluid analysis
Mamis:
Vicia faba
Tradescantia paludosa
Insects:

Drasophila melanoeasier:
Gene mutations
Clromasome abweriations

Mamiimals:

Dominant lethal mutations

Translocations

Blood or bone marmow
cylogenetics

Specific locus mutations

Kelative ease of detectionf

Timae 1o Orperating Initial invesi- Chromosome

rin lest costs® ment coxts Giene mutations abserrations

2 10 3 days Very low Low Excellent

2 to 3 days Very low Low Excellent

3 1o 5 days Very low Liovw Crood Unknown

I ta 3 weeks Moderate Moderate Very good Cromd

2 1o § weeks Maoderata 1o high Maoderate Excellemt 1o Gl Linknown

2o T days Laow Lo misileraie Low to misilerie Lo

2 o 5§ weeks Moderate 1o high Maoderate Unknown Cianinl

Variuble Variable Low to moderate Variahle

3 to 3 days Luow Low Relevance unclear
2 1o 5 weeks Low to moderate Moderate Potentially excellent

2 10 7 woeky Modemie Modernte Giood 1o excellent

2 1 T woeks Modere Maoderte Cioond tov excellent
2 1o d months Moderate to lngh Modernie Unknown

5 to T monihs Muoderate 1o high Muoderiie Fotentinlly very pood
I to 5 weeks Maoderate Moderate Potentially good

2 to 3 months

High to very high

High to very high

Unknown

*Operating costs vary widely depending upon the protocol specified and upon the number of substances tested simultancously. Very approximately,
very low is 51,000; low is §1,000 to £5,000; moderate iz $3,000 to $10,000; high is 510,000 (o $20,000; and very high is 325,000 upward,
F8ince most of these test systems do not detect all classes of gene mututions or chromosome aberrations, these columns refer only 1o the detectable

mutations,

Souree: Environmental Mutagen Sociely, Commitiee 17, Selence, Volume 187 (1975), p. 507,
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The second stage is to make a crude estimate of the transport of a material into
the ocean. These estimates can then be verified with a few well chosen
measurements and then compared to available doss-response data. If predicted or
measured concentrations fall within a factor of 100 of estimated levels of concern,
a third stage is required — essentially a research effort to refine the transport
estimate, pathways residence times and to collect further dose-response data.

In time, more and more screening efforts will be proposed (National Academy of
Sciences, Committee for the Working Conference on Principles of Protocols. . ..
1975.) Currently, however, more attention is focused on monitoring the environ-
ment. Monitoring is not a recent activity. Information networks for weather and
climate changes, geologic, and oceanographic phenomena have long existed, along
with natural resource surveys, archeological studies, and public health investigations
and control. A directory of national and international monitoring systems contains
information on 33 major international systems and over 2,000 national and regional
programs (Smithsonian Institution, 1970). Its recent update (1975) lists 700
individual monitoring programs operating 60 000 monitoring sites in 78 countries.
Two ICSU/SCOPE studies (SCOPE, 1971; Munn, 1973} have contributed to the
United Nations Global Environmental Monitoring Systems (GEMS) now being
implemented (Jensen, Brown, and Mirabito, 1975). Some 18 pollutants have been
grouped in eight priority classes for monitoring (see Table 2.2), but even these may
exceed the global capacity 1o monitor {National Academy of Sciences, 1978).

TABLE 2.2 Priority Pollutants Proposed for the Global Environmental Monitoring
Svstem

Order of
priority Pollutant Medium
| Sulfur dioxide plus suspended particulates Air
Radionuclides Food
| Qzone Air
DDT, organochlorine compounds Biota, man
3 Cadmium and compounds Food, man, water
Mitrates and nitrites Drinking water, food
NO and NO, Air
4 Mercury and compounds Food, water
Lead Air, food
Carbon dioxide Air
5 Carbon monoxide Air
Petroleum hydrocarbons Sea
& Fluorides Fresh water
7 Asbestos Air
Arsenic Drinking water
] Mycotoxins Food
Microbial contaminants Food
Reactive hvdrocarbons Air

Source: Jensen, Brown, and Mirabito, Sclence, Valume 190 (1975), p. 433,
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Diagnosis begins with observation of the abnormal — in the case of medicine,
observation of an illness or disease. Standard medical practice calls for collection of
a patient’s history, an illness history and record of symptoms and complaint, an
examination by observation and instruments, both simple and precise, and tests and
Isboratory analysis of varying complexity. The genemal practitioner is the
preliminary disgnostician and passes the patient on for further specialized analysis
{multiphasic screening without sympioms for “healthy” persons s also available).
The task is 1o match symptoms, history and observations with a discase, locus,
etiology and treatment (Engle and Davis, 1963). Computer analvsis is increasingly
available, and the use of statistical decision theory has been advocated (Bamoon
and Welfe, 1972).

The principle applicable to = single patient is also applicable 1o populations in
the work of the epidemiologist. Working with aggregate statistical data, evidence of
mortality and morbidity supplemented by field investigation, aggregate "symptoms’
can be linked to locus, etiology and treaiment or prevention. There is less of a
presumption of disease, however, and greater overlap with screening, monitoring
and what the health profession calls “surveillance’ (World Health Organization,
1972). Indeed, all monitored data need assessment, much of it diagnostic, Wherever
recognizable symploms of environmental consequences occur — human or biotic
ills, changes in environmental mediz, or increases in economic or soclal costs — a
diagnosis akin 1o that of the physician is a frequently used form of hazard
identification.

2.1.2 Theory: Science, Inference. and Search

The theory of hazard identification is esentially the theory of knowledge.
inferting and searching. Anthropological theory and relmad sindies in the
explanatory categories of ethooscence seek to explain the ways in which the
shaman, priest or medicine man identifies the harsrdous and the dangerous
(Guiteras- Holmes, 1961; Douglas. 1966; Murphy, 1971: Velimirovic, 1975). And a
growing philosophy, history, and sociology of science is providing fresh and lively
theoretical insights on the scientific enterprise: the ways in which new knowledge is
created and disseminated (Kuhn, 1970; Ravetz, 1971 Blume. 1974; Greenberg,
1967).

Another body of theory is related to statistical inference. Hazard identification
is partly a process of categorization (Sokal, 1974) or comstrual (Kelly, 1955).
Hazard candidates need to be allotted, as in the example of the Ocean Pollutants
Panel, to the categories of ‘rsky. ‘safe,” or ‘requiring further study.” Related to
such allocation is the classic nference problem in dealing with errors of omission
and inclusion (Blalock, 1964), and a very large body of theory and method is now
available to help make such inferences.

Related to these in the sense that they use probabilistic measures is a spectrum
of theories that enhance information, search, detection and vigilance (Mackworth,
1970} Much of this theory was developed for military applications — 1o decode
messages, search for submarines or aircrafl, detect missiles or other signals, or be
alert and vigilant to some possible message, pattern, signal or waming. In a sénse the
hazard identification effort is 2 search for signals of hazard. How to separate the
signal from the background noise is = fundamental problem.
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2.1.3 Problems: Theory, Reliability, Cost, Bias

Lacking from concepts of hazard identification is a theory of hazards applicable
to more than a subset of environmental hazards. In the continued absence of
obvious mechanisms or generic principles that in effect can predict hazardousness
without first experiencing widespread consequences, we must rely on method-
ologies that are either unreliable (serious hazards do not get identified), costly
(expensive data little used or of little use are collected), or biased (misleading in
some consistent way),

Research, one strategy for identifying new and unknown hazards, is a random
undertaking in respect to hazards. Fundamental research is not necessarily directed
toward activities likely to identify new or unknown hazards. Where it is directed, it
involves, along with screening and monitoring, some existing presumption as to
possible threat. In one of the cited examples, the Panel on Assessing Ocean
Pollutants made light of pre-screening, calling the identification of substances to
screen a ‘mail and telephone exercise.” Bur this still seems a formidable task given
the enormous numbers of new substances that enter the environment each year. To
whom to write and to whom to telephone seem considerable problems, particularly
in an international context.

Screening does appear feasible for groups of materials for which there is evidence
as to the likelihood of human or biotic toxicity. The list of such substances will
grow with the upsurge in screening for drugs, pesticides, carcinogens, etc.,
increasingly a routine analysis in a number of countries. Here the major problem
may be cost; even the heavily financed U.S. cancer research program is limited to
screening about 500 substances per year for carcinogens (Mew York Times, 1975).

Monitoring is premised on the still grester prior knowledge required for the
observation of critical indicators, the ambient level of environmental media, or the
thresholds of pollutants and hazards. It is 2 cosily enterprise if the monitoring
network s 1o be used 1o discover new hazards, less so if only to verify suspected
ones. As to reliability, it is sobering to note the continuing coneemns with the safety
of United States drinking water, one of the most closely monitored (in theory, at
least) environmental systems in the world (Marx, 1974).

Diagnosis is biased in the sense that illness or sbnormality is presumed; thus,
' there is a possibility that the diagnosis will be misleading. Using medicine as an
example, there has been occasional criticism of the deceptive quality of the iliness
presumption. For example, conservative diagnoses inflated the worry of thousands
initially suspected of tuberculosis in mass chest-X-ray screening until the screening
device finally turned out to be more risky than the disease. The conservative bias
(presuming illness) leads to the excessive and harmful use of medical X-rays
(National Academy of Sciences, 1972), excessive surgery (U.5. House of Repre-
sentatives, 1975), and false identification of mental patients (Rosenhan, 1973). The
same critique can be applied to the diagnosis of non-medical environmental issues.
The presumption of either natural stability and/or anthropogenic disturbance leads
to misinterpretation of natural fluctuations in climate (Study of Man's Impact on
Climate, 1971} and fish or vegetation populations (Holling, 1973).

Overall, there appears to be little conscious integration of screening, monitoring
and disgnosis technigues and little effort to choose consciously between them. To
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screen, monitor or diagnose appears to be more a matter of disciplinary style than
of rational analysis. But by far the more serious problem is the unknown hazard. It
seems unlikely that random research thrusts, underfinanced critical science, or
massive screening, monitoring and diagnostic methods can keep pace with the
creation of environmental threat.

2.1.4 Case Study: Stratospheric Pollution and the Earth’s Ozone

In the case study that follows, condensed from a report by Allen L. Hammond
and Thomas H. Maugh 11 (1974), the growing identification of the sources of threat
to the earth’s stratospheric ozone layer is detailed. In exploring this case study in
such detail, the intention is to focus on a number of sobering implications for
hazard identification using this current, highly significant and still unfolding
example.

The threat to the ozone layer brings together, the authors note, disparate
technologies. It is a matter of speculation as to what kind of analytic schemata
might have provided early warning, It would have taken a truly unusual hazard
identification exercise to link these dissimilar technological events to the
consequences of squamous cell carcinoma, a minor but extremely widespread skin
cancer.

In the absence of such a hazard identification capability, the initial discoveries
took place in the context of an embattled technology, the Supersonic Transport
(SST). An early scientific critic, James McDonald, proposed a mechanism for ozone
depletion (water vapour) and the measure of its consequences in terms of skin cancer
increase (McDonald, 1970). The former seems erroneous and the latter remarkably
close to best current estimates. Shortly after, two other scientists identified a
mechanism of ozone depletion and predicted its magnitude (Crutzen, 1970,
Johnston, 1971). And subsequently, as the case study notes, nuclear weapons{NAS,
Worldwide Effects of Multiple Nuclear Detonations Committee, 1975), aerosol
sprays (Molina and Rowland, 1974) and more recently sources of bromine,
methane, and nitrogen fertilizer (Hammond, 1975) have emerged as potential
hazards.

Finally, the case study illuminates some ironies and limitations of screening,
monitoring and diagnosis. Many of the minor species of the atmosphere had never
been monitored in the stratosphere, becoming significant only when their catalytic
role was predicted. Indeed, fluorocarbon 11, one of the pollutants, appears on the
1973 lst of indicators to be monitored by GEMS. not as & threat but as a
*man-made gas that is & useful tracer.’

Ozone itself, while monitored in many parts of the world, has a large
natural fluctuation, such to obscure all the predicted ozone depletion effects to
date and to make improbable detecting them until such time as they might cause
tens of thousands of additional skin cancer cases. It is thought possible that with
satellite observations and a major new international monitoring effort, changes of
from one-half to one percent might be inferred from a rem-year series of
observations (National Academy of Sciences, Climatic Impact Assessment Commit-
tez, 1975). At this writing such an international effort is still only a proposal.
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STRATOSPHERIC POLLUTION: MULTIPLE THREATS TQ EARTH'S OZONE
Allen L, Hammond
and Thomas H. Maugh, II

Supersonic transports, aerosol sprays, and nuclear wespons are all
examples of technological ability carried to excess, but they would not
normally be considered in the same context. It now appears, however, that
they do have something in common — they are all potential sources of
catalytic agents that penetrate the earth’s stratosphere and decompose the
ozone that shields living things from the worst of the sun's ultraviolet
radiation. The full extent of the environmental hazard associated with this
phenomenon is still uncertain, despite several years of investigation. But it is
increasingly clear that a wide range of human activities have the capability of
disrupting the delicate photochemical balance on which the earth’s ozone
buffer, and perhaps life itself, depends.

The catalytic agents in question are oxides of nitrogen, released into the
upper atmosphere by the jet engines of supersonic transports (S5T°S) and by
nuclear explosions, and free chlorine, derived photolytically from chloro-
fNuoromethanes such as those used as propellants in aerosol cans. Relatively
small amounts of these agents are sufficient to destroy large quantities of
ozone, itself an extremely unstable molecule. The potential danger from
SST's has been debated for at least 3 vears now, but the even greater threat
from nuclear war and the chlorofluoromethanes has only recently been
recognized and is still largely unguantified. The most alarming of these
threats is probably that from the chlorofluoromethanes because it now
appears that civilization may already have produced enough of these
halomethanes to cause an eventual reduction in the concentration of ozones
in the atmosphere. This reduction, in turn, may well be sufficient to produce
many unpleasant biological effects.

The diffusa layer of ozone that envelops the earth screens out more than
99 percent of solar radiation at wavelengths shorter than 320 nanometers.
High intensities of this ultraviolet radiation are harmful to nearly all forms of
life, and most scientists agree that surface life on the earth did not evolve
until after that ozone layer was formed, But the effects of small increases in
the intensity of ultraviolet radiation is still the subject of much research and
debate.

The relation between ozone depletion and increases in ultraviolet radiation
varies with latitude, time of year, and certain other factors. On the average,
though, the percentage increase in radiation may be taken to be about twice
the decrease in ozone concentration; that is, a 5 percent decrease in ozone
would produce a 10 percent increase in radiation. This increase could produce
many effects.

The most alarming effect might be an increase in the incidence of skin
cancer. A 1973 report from the National Academy of Sciences suggested that
a 5 percent of depletion of ozone might produce an additional 8000 cases per
vear among the white population in the United States. This is probably very
conservative,

A more recent estimate by Frederick Urbach of the Temple University
School of Medicine, Philadelphia, is that the percentage increase in the
incidence of skin cancers would parallel the increase in the intensity of
radiation. But converting this estimate into numbers is difficulat because
estimates of the annual number of skin cancer victims in the United States
vary from 200,000 to 600,000, A 5 percent ozone depletion (10 percent
increase in radiation) might thus cause anywhere from 20,000 to 60,000 cases
per year in the United States alone. Fortunately, 90 to 95 percent of such
cancers are curable.
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The two most common halomethanes are CFCl; and CF5Cly, The former
is used primarily as a propellant in aerosol spray cans, the latter as a
refrigerant. They are highly volatile and essentially inert to chemical reaction,
properties that explain the nearexponential growth in their production
during the last 10 years. Nearly 10° kilograms of the two halomethanes will
be produced in the world this vear, and about 5 x 10° kilograms have already
been produced — most of which has already been released into the atmos-
phere.

The halomethanes have generally been assumed to be harmless, They do
not react with other components of the atmosphere, even photochemical
oxidants; they are relatively insoluble in water and apparently do not react
with any chemicals in the ocean; and there are no known mechanisms for
biological degradation involving them. Some atmospheric scientists have
suggested, in fact, that their inertness would make them ideal tags for tracing
the motion of large air masses.

But earlier this vear, F. 5, Rowland and Mario ]. Moline of the University
of California at Irvine reported that the halomethanes can be photolytically
dissociated at wavelengths (190 to 210 nanometers) present only in the
stratosphere. The products of this dissociation are the CX5 radical (where X
is either chlorine or fluorine ) and free chlorine atoms.

Late last vear, ironically, three different groups — Ralph J. Cicerone and
Richard 5. Stolarski at the University of Michigan. Ann Arbor; Steven C.
Wofsy and Michael B. McElroy at Harvard University, Cambridge; and Paul
Crutzen at the Mational Centre for Atmospheric Research, Boulder — had
investigated the potential role of free chlorine in the stratosphere. They
independently concluded that small amounts of chlorine could catalyze the
destruction of large amounts of ozone, but also that their findings were not
important because there are no major sources of chlorine in the stratosphere,
The results of Rowland and Molino indicate that there is such a source and
thet the threat to ozone is real.

There are few measurements of the concentrations of various species in the
stratosphere, although Lovelock found halocarbon concentrations of 70 ppt
at 32,000 feet (9.6 kilometers) over England, and it is not clear how much
halomethane is already there. Most scientists, however, think that only a
relatively small amount is in the stratosphere because of the long time — on
the order of & few years — required for diffusion of halomethanes to the
altitude of peak photolvtic efficiency, about 25 to 35 kilometers. This
amount is sufficient, perhaps, to produce a | percent reduction in ozone — a
totally undetectable change. The major question, then, is what will happen
when all the halomethanes in the atmosphere attain equilibrium between the
troposphere and the stratosphere, and what will happen if more are produced.
The various groups have all calculated the possible effects on the ozone layer
and their results are anything but reassuring.

The predictions of Wofsy and McElroy are, perhaps, typical. They find
that even if the manufacture of halomethanes wera to be halted immediately,
the depletion of the ozone layer would reach 5 percent by 1990, If
production were to continue with an annual increase of 10 percent, the
ozone layer would show a 14 1o 15 percent depletion by the year 2000. And
if production were to continue to increase at the current ennual rate of about
21 percent, the ozone layer would be depleted 7 percent by 1984 and 30
percent by 1994, Crutzen's calculations suggest less depletion of ozone but a
greater shift in concentrations within the stratosphere. He predicts less
biological effects and more climatic effects.

There are many uncertainties in these calculations, The most important is
that they are all based on laboratory reactions whose occurrence in the
atmosphere has never been confirmed. They are also based on one
dimensional models that only approximate conditions in the stmosphere,
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There are uncertainties in the initial concentrations of the reactants, the rates
at which they are transported through the atmosphere, and their lifetimes in
the upper atmosphere.

There may, moreover, be other reactive components of the stratosphers
and other reactions — especially those occurring on the surface of par-
ticulates — of which we are unaware. And, finally, natural variations in the
ozone concentration make it unlikely that we would detect any predicted
depletion resulting from halomethanes until that depletion was of the order
of 5 to 10 percent.

Even more uncertain are the effects of many nuclear bomb explosions on
the stratosphere and the ozone laver. Nuclear war is to many persons an
unthinkable, total event beside which the loss of ozone seems at first glance
relatively trivial. That may or may not be trie (and certainly the proliferation
of these weapons raises the likelihood of regional or tactical use), but there
now appear 1o be additional reasons to regard even limited nuclear war as a
patentially global catastrophe.

Thermonuclear explosions heat the surrounding air to very high tempera-
tures, dissociating oxvgen and nitrogen and producing lerge quantities of
nitrogen oxides (NOQ;). Rapid cooling of the cloud as the fireball fades
stabilizes the NQO;. Depending on the latitude and season, clouds from
explosions in the range of hundreds of kilotons to megatons (TNT equivalent)
will deposit most of their NOs in the lower and middle stratosphere, where
the ozone concentration is highest. What happens then is the subject of
considerable speculation, but there is little doubt that the NO; will catalyse
the destruction of substantial amounts of ozone before it is itself destroved
or removed from the stratosphere. At issue are how much orone depletion
and whether other mechanisms — such as the production of additional NO»
by radiation from fission products trapped in the stratosphere — will enhance
the effect,

The only source of what amounts to experimental data is the history of
atmospheric testing of nuclear weapons — especially the period of heavy
testing by the United States and the Soviet Union during 1961 and 1962, just
before the ban on stmosphere tests went into effect. In the years that
followed there were extensive measurements of the radioactive isotope
carbon-14 in the atmosphere. Since nuclear bombs produce NOs; in
proportion to carbon-14, the measurements give indirect evidence of the NO,
from the bomb clouds and hence a means of calculating what ozone depletion
the bombs should have caused. Harold Johnston of the University of
California at Berkeley, who along with Crutzen first pointed out the potential
effects of nitrogen oxides on the ozone layer, estimated a 3 to 6 percent
reduction of ozone in the Northern Hemisphere from the test series. On the
basis of a different, time-dependent model of the stratosphere, J. 5. Chang of
the Atomic Energy Commission’s Lawrence Livermore Laboratory found that
the maximum ozone reduction was 4 percent and that it probably took 2.5
years for the ozone regenerating mechanisms to restore half of the loss,

The observed fluctustions of ozone tend 1o support the model cal-
culations, but not unambiguously. The amount of ozone present in the
stratosphere varies considerably (by as much as 30 percent from day to day
and by as much as 10 percent over periods of years) in 2 way that is strongly
coupled with the 1l-vear sunspot cyecle. Ozone concentrations peaked in
1941 and again in 1952, but failed to do so as expected in 1963, after the
extensive testing. Thereafter ozone levels rose gradually throughout most of
the 1960

The controversial evidence is thus that the 1961-1962 bomb tests resulted in
a moderate, transient reduction of ozone, enough to suggest that nuclear war
would cause vastly greater reductions, Virtually the only study of what the total
effect would be isa research effort headed by Michael MacCracken and Chang at
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Livermore, In accord with the AEC's penchant for secrecy the study was
originally classified (the classification guidelines have since been changed,
however), although the modeling techniques and the mechanisms being
investigated are not. One difficulty is that atmospheric models developed 1o
describe the small perturbations of the ozone layer which a fleet of 85T"s might
cause are not adequate to describe the more extensive, time-dependent changes
associated with nuclear war, Nuclear explosions in the stratosphere, for example,
destroy some ozone in the immediate vicinity of the bomb, but the more
important ozone reduction is delayed, according to MacCracken, with the
maximum effect coming some months after the explosion. By that time the
spread of NOp through the atmosphere ensures that the impact will be
hemispheric, and ultimately global,

The origin of the concern over chloroflusromethanes and nuclear explosion —
and the source of much of the modeling information about the stratosphere
used to make assessments of these hazards — was the debate over NOy emissions
from S5T's That debate spawned the Climatic Impact Assessment Program
(CIAP) of the Department of Transportation, in what has turned out to be an
unusual example of an agency supporting research that has tended to severely
restrict one of its own long<herished projects. At least nine different
investigators or groups have now modeled the ozone changes due to 58T's and
their results are in reasonably good agreement. A 30 percent increase in NOa,
the consensus seems to indicate, would decrease ozone levels by between 7 and
12 percent.

Most of these numerical models asseume that latitudinal and longitudinal
variations of ozone and other stratospheric species can be neglected, and they
describe the vertical distribution of these quantities and some of their chemical
interactions. Even in the vertical dimension a number of simplifying assumptions
are made — in particular, the vertical transport of trace constituents by
small-scale turbulent motions (inherently a three-dimensionsl process) is
approximated with formulas analogous to those thar describe diffusion. If these
approximations are incorrect, the calculated ozone effect could be either larger
or smaller than the models indicate.

The models used to predict czone depletion alse contain many of the
chemical variables. The distribution of NOg, for example, is often specified by
the investigator rather than calculated by the model, and observations of this
gpecies in the stratosphere are scattered and possibly unreliahle.

Despite the uncertainties, the Department of Transportation has taken the
preliminary model results seriously enough to plan for strict limitiations on
flight paths and schedules and to encourage research on engine modifications
that might cut down on NO, emissions. lronically, however, the CIAP itself
faces a reduction in funds just as the full extent of the threats to stratospheric
ozone are becoming apparent. In addition to 85T's, bombs, and chlorofluoro-
methanes, for example, the space shuttle will inject small but nonnegligible
amounts of chlorine into the stratosphere from the ammonium perchlorate used
as an oxidizing agent in its rocket engines. It Seems obvious that a search for
additional stratospheric pollutants ought to be continued, The discovery of these
previously unsuspected sources of catalytic agents in 3 vears of research does
indeed lead one to ask, as McElroy puts it, “What the hell else has slipped by?
{Reprinted and condensed from Science, Volume 186, 25 October 1974, pp.
335338 Copyright 1974 by the American Association for the Advancement of
Science. )

The search for the multiple threats 10 the earth’s ozone layer continues and
indeed intensifies. Having identified the vulnerability of the ozone layver, research —
fundamental, critical and practical — turns to more precise estimation of the risk
and the evaluation of competing ¢lzims of benefit and risk.



2.2 RISK ESTIMATION

If hazard identification asks ‘What is a threat?’, risk estimation asks “What is its
measure?” Risk estimation seeks to measure the likelihood of an event (of some
stated magnitude) occurring and the likelihood and nature of the consequences that
follow.

2.2.1 Methods: Revelation, Intuition, Extrapolation

Revelarion and Inruirion Al risks seem to be estimated by one of three methods:
revelation, intuition or extrapolation, Revelation of the likelihood of events or their
consequences by divine or supernatural inspiration is as old and sacred as the
prophetic religious experience or as common and profane as the astrology column
in the newspaper (Jzhoda, 1971). The risks so estimated range from the apocalypse
to those encountered in some everyday activity. The value of revelation depends on
one’s degree of belief, whether in the divine or in the horoscope-caster. The degrees
of such belief are considerable, and the believers are many.

Revelation provides a way of transcending experience which other methods of
risk estimation cannot, A few cultural observers have tried to focus serious
attention on catastrophic revelation, particularly the recurring theme of doom
prediction for the last third of the twentieth century. In these forecasts there is
emphasis on natural cataclysm (Thompson, 1972, Webre and Liss, 1974) rather
than the technological-population-resource extrapolations of more scientifically
oriented futurists (Meadows, et al., 1972; Mesarovic and Pestel, 1974; Heilbroner,
1974).

Intuition is akin to revelation except it is internal to the person. All possess the
ability to make judgements of the likelihood and consequences of risk and
frequently do so, often making such judgements quickly. On reflection, there is
difficulty explaining to self or to others just how these appraisals were made. In
such cases, these judgements have been considered intuition.

Westcott (1968), whose overall review of intuition is the most recent one,
concludes that intuition is ‘reaching a conclusion on the basis of less explicit
information than is ordinarily required to reach that conclusion.' The sources of
this implicit information may be extremely diverse.

... the information is not available to most people, not necessarily
because it is rare information, but becauss most people are unable to
use everything to which they actually have access. The obscurity of the
source, and perhaps the vagueness of the added information, lend the
appearance that the solution was provided of whole cloth, perhaps even
as a mysterious revelation. (Westcott, 1968, pp. 202-203)

There are many views, of course, of intuition other than this rational, inferential
one. But proceeding with it, some structural methods have been developed that
encourage and aid in making explicit the implicit. These involve fractionating
judgements and systematically comparing them with probabilities of known events,
These have been used with some success in eliciting probabilities of rare events
(Selvidge, 1973).
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Extrapolation  Other than revelation or intuition, most other methods seem to
rely on the extrapolation of individual or shared experience, extrapolation that
might be described metaphorically as forward, backward, or sideways. Forward
extrapolation — extrapolating the likelihood of future events from past experi-
ence — is the most familiar method. A common example is estimating the
likelihood of 2 flood (of = stated mugnitude ) occurring at a given place along a river,
beginning with the experienced (and hopefully recorded) history of such flood
events. How soch history can be extrapolated is enormously varied.

The historic experience can be taken as evidence of some cyclical pattern, and
the extrapolation will be a simple recurrence of the past. In such methods, the
historic flood series is projected forward in time as a sample estimate of the future
risk. Or it may be given in probabilities, e g, return periods of floods, and the exact
timing of an event cannot be predicted in this case. Or the experience can be
manipulated in some fashion. inferring that the historic record is but a fragment of
a greater past, a larger series of flood events. Such inference lezds in tum 1o 2 view
or belief a5 to the nature of that larger series, perceived or believed as conforming
to a distribution of events, expressed graphically or mathematically. A large
literature testifies to such beliels and Pearson, Log-Nomal., and Extreme Values
distributions are used for extrapolating flood frequencies and magnitudes from the
flood record (Benson, 1962)

It is also possible, both in logic and pracuice, to assert the nonrecurrence of past
events into the future. This may be because the record is viewed as observationally
faulty or incomplete, climate or circumstances may have changed, or some unique
folk explanation is imputed to the past (Kates,1962). Whatever the method
employed, ranging between the simple counting of relative frequencies to complex
curve fittings or analysis of physical systems, individual and collective experience is
extrapolated forward in some (ashion,

In the absence of such direct experience it is possible to extrapolate backwards,
from unknown but imagined events and consequences to known events and
consequences. This reduces the hazardous events to a sequence of contributory or
initiating events for which we have experience. In the flood example, by such
methods, the likelihood of a flood intensity for which thers is no recorded
experience can be inferred from elements of the hydrologic cycle for which
experience is available, e.g., precipitation. The unknown probsbility of a flood
then can be surmised from the better known probability of the ‘design storm’
precipitation sufficient to cause 2 flood (of given magnitude) afver allowing for the
runoff characteristics of the drainage area considered. This methodology is similar
to the fault-tree analysis of the risk of failure of complex engineering structures
(Section 1.2). Such structures are reduced to their component parts for which there
are either experienced rates of failure or known physical laws 1o account for failure.

Finally, metaphorically speaking it is possible 10 extrapolate sideways: more
precisely by amalog and the transferral of experience from a different but similar
place, situation or thing. Thus. it is common to pool the limited flood experience of
2 number of similar river basins 10 increase the series of flood events or to simulate
a very large storm, modeled afier one experienced elsewhere, over the river basin
under stundy.

More and more estimation of risk takes place in the comtext of large and
complex systems, and incressingly such systems combine estimates extrapolated
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from many different sources and in many different ways. Some data may be
‘frequentist,’ — counts of observed events or consequences — and other data
deductive — inferred from causal models based on known physical relationships.
Some extrapolation may be by subjective judgement, other by reproducible
techniques. Thus, in large river basin studies, drought and flood may be estimated
in significantly different ways depending on availability of data, development
purposes, and the like. In the recent studies of stratospheric pollution by the 85T,
nine different models were employed. and in some cases their results were averaged
(National Academy of Sciences, Climatic Impact Assessment Committee, 1973), In
the study of the nuclesr safety of light water reactors, the fault-tree and accident
sequences dre so many and so varied that none of the critics and reviewers has been
able to analyse them systematically (Sierra Club-UCS, 1974; American Physical
Society, 1975).

Nominal-Quantitative Transformations Regardless of source, the most desired
estimates of risk are those capable of being quantified on interval or ratio scales,
although scales of measurement (eg., nominal, ordinal) suffice for many purposes.
Methods exist for converting qualitative judgements or comparative rankings to
quantitative estimates, For example, the recent study of the Climatic Impact
Committee (Mational Academy of Sciences, 1975) on the environmental pollution
of the stratosphere sought 10 measure the degree of uncertainty in key parameters
related to the nitrous oxide-ozone depletion<skin cancer chain of events and
consequences. Members of the Committee were asked to make kev judgements
which could be guantified by the method of fractiles. The method asks a
respondent, in this case an expert member of the Committee. to choose a median
value for the parameter to be estimated such that ‘vou think it equally likely that
the true value of the uncertain quantity lies above or below this value.” The test for
an honest median is indifference to whether the true value is above or below the
value selected, indifference evidenced by the willingness to let another choose for
vou. With the subjective probability space partitioned in half, the experts again
consult their judgement to choose values of the parameter halfway above and below
the median such that they are indifferent. thus establishing the 25th and 75th
percentile of likelihood. The process can then be continued, but in this case only
two other points were quantified, the 1st and 99th percentiles, These are defined as
values such, that if values less than or greater than occurred, it would cause great
surprise to the expert. A sample set of the actual judgements fur the effect of an
increase in wltraviolet radiation of skin cancer is shown in Table 2.3,

Much effort has gone into the guantification of subjective judgement (Raiffa,
1968), more than into the obverse — the elucidation of the subjective qualitative
meaning of quantified probabilities. The most widely disseminated quanrified risk
estimates are the 12 to 24 hour forecasts of the probability of precipitation. This
practice by the National Weather Service (United States) is not well understood by
the general public. Less than half of the public in one study and two-thirds of the
public in another studv understood the probabilistic expression (Bickert. from
Adams, 1971: Adams, 1971), and they were unable to translate it consistently
{within broad catsgories) to an ordinal word scale or vice-versa (see Table 2.4).

At the opposite end of the spectrum of quantitative extrapolation lies the
scenario, one of the most famous of which is Ehrlich’s (1969) account of an
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TABLE 2.3 Quantifying Expert Tudgement on Link between Increase in Ultravialet
Radiation and Skin Cancer Incidence

THE QUESTION GIVEN TO COMMITTEE MEMBERS:

Asgeess the constant & in the following equation relating fractional change in
weighted uv radiation to fractional change in skin cancer incidence, (The weighting
-of the uv radiation is a fifty-fifty mixture of that appropriate for sunburn and that
appropriate for DNA damage. )

ACa/Ca=wa » Auviuv

1% 259 0% T5% 99%
Linearity?._______
Self-Rating Index (0—10)— [0 = no knowledge bevond a layman's]

ESTIMATES OBTAINED FROM COMMITTEE MEMBERS:

Probability Levels Self

Respon- Rating
dent 1% 25% S0% T3% QO Index
A 0.5 0.8 1 2 3 3

C i 0.4 1 2 10 b

D 0 l Z 4 10 4

E 0.5 0.8 I 12 2 2

F 0.6 1.7 2.2 1 60 9

Adapted from: National Academy of Sciences, Environmental fmpact of Stratospheric Flight,
1975, pp. 335, 342,

‘eco-catastrophe.” Written in 1969, it begins, *The end of the ocean came late in the
summer of 1979, and it came even more rapidly than the biologists had expected.'
As in many scenarios, Ehrlich’s intention is frankly propagandistic, to alert othersto
what is perceived by the author as a logical extension or likely possibility of some
state or course of activity. In this case, it is the continued use of stronger pesticides
in the face of world population growth and food shortages,

Outside of their propeganda value, scenarios can be used to explicate possible
cholees by presenting a series of alternative scenarios (Ford Foundation Energy
Policy Project, 1974), to explore complex combinations of events and con-
sequences, both past and future, for which precise functional linkages are unknown
(Durand, 1972; Ericksen, 1975; Haas, et al., 1975) or to stretch the imagination for
assessing risks of low probability (Real Paper, 1974). For these purposes, they may
be soundly based on real data and carefully and logically connected. Little is known
of their impact, however. For example, scenarios can help assess multi-dimensional
consequences, stretching the imagination for the ‘maximum credible event.” The
samé scenario, however, which may be just conceivably possible for the assessor,
may appear as highly probable to others; the presence of fictional detail creates an
overall plausibility that belies the actual thin chain of supposition. Some limited
experimental data suggest that such reactions mav be common (Slovic, etal.,
1976).
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TABLE 2.4 Interpretations of Probabilistic Terminology for Daily Weather
Forecasts of Precipitation

Quantitative Forecast Probabilitics Associated with the Terms ‘Likely’ and
‘Possible’ by Residents of 5t. Louis and San Francisco (U.5.A.)

Qualitative Probability

Quantitative ‘Likely’ ‘Possible’
Probahbility % of sample % of sample

08 & 13
10-19 11 20
20-29 B 17
0-39 3 g
40-49 9 10
50-59 18 15
60-6% 13 4
0-79 14 4
80-89 7 1
90-99 4 1
100 3 1
Don’t know 3 3
Total % 100 100
N E04 E04

Source: Bickert, from Adams, 1971, p. B&.

Qualitative Descriptors of Likelihood of Day Being Rainy Associated with 60% and
40% Forecasted Chance of Rain

Perceived Likelihood of Day Being Rainy

*Almost *Small
certain’ chance’
or ‘very or ‘not
Forecast likely" ‘Likely" ‘A chance’ likely™ Total % N
60%
chance
of rain 29 33 28 10 100 123
40%
chance
of rain 15 20 47 19 101 128

Source: Adams, 1971, p. 136,

2.2.2 Theory: Thinking, Statistical Inference

Underlying revelation, intuition, and extrapolation are theories of thinking. In
addition to those that undertake to explain all the psychological and neurological
phenomena associated with thinking, certain theories focus on special aspects
relative to risk estimation. While serious work in parapsychology (Wade, 1973),
intuition (Bunge, 1962; Westcott, 1968), heuristics (Newell and Simon, 1972) and
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new discoveries as to the hemispheric specialization of the brain (Dimond and
Beaumont, 1974) all raise possibilities for understanding and possibly utilizing
intuitive processes in helpful ways, other theories of information (Edwards, 1964;
Gilbert, 1966) and information processing, of cognitive bias (Slovic, etal., 1974,
1976: Tversky and Kahneman, 1974), and cognitive dissonance (Festinger, 1957)
make us conscious of the limitations of cognitive processes.

The methodology of extrapolation is supported by theory related to statistical
inference. Theories of probability are roughly divisible into frequency theories and
degrees-of-belief theories (Raiffa. 1968). A large body of theory deals with the
ways to overcome the limitations of the former, less so for the latter. Theories of
cyclical events (Mandelbrot and Wallis, 1968, 1969) of distributions of extreme
values (Gumbel, 1954), and of auto- and spatial- correlation (Cliff, et al., 1975)
help to extend with great ingenuiry the limits of experience. Psychometric theory
{Stevens, 1975) helps one to understand the transformation of experience to belief.
At the same time, these theories raise fundamental questions as to the meanings of
randomness, as to the independence of events, and the limits of inference, analog
and simulation.

2.2.3 Problems: Limited Experience, Distorted Assumptions, Cognitive Constraints

There are numerous problems of inference in risk estimation. Some major areas
have been described by Lowrance: “Relating effects to their causes. Deciding
whether experimental findings are significant. Extrapolaring from animals to man.
Sorting out synergistic and antagonistic effects. Pinning down subtle low-level
phenomena.’ (Lowrance, 1976, p. 36)

At least three fundamental epistemological problems complicate the acceptance
and improvement of this risk estimation methodology: the limits of human
experience, the distortion of assumptions underlying common methods, and the
constraints of cognitive processes.

There are fundamental limits to human experience — humankind is at risk from
threats greater than or different than its individual or collective experience. No
matter what ingenuity is expended, these limits, conceived as a ‘prison of
experience,’ cannot be fully transcended. In such a prison, the ‘cells’ are trapezoidal
in shape, being lesser and greater at the same time than the reality they could
contain. The perceived experience of hazard is lesser than the reality: human record
is biased to the recent and identified, human memory is biased to the recent and
impressionable, cognition is biased to the ordered and determinate. It is also greater
than the reality: it is possible to share in the memory of others, to experience by
empathy, myth and symbol. But the distortions, whether they narrow or enlarge
the perspective of experience, do not really provide in meaningful ways substitutes
for experience. The bars, be they rigid or flexible, contain and limit.

To seek to escape this prison with ingenuity, methods are developed for using
and combining every bit of available information, including synthesized data. In the
course of this process, the purity of the assumptions that support methods —
assumptions of internal logic, consistent data sources, statistical inference, and the
like — are diluted. It is not unusual to find risk estimates based on the most diverse
data, employing all three types of extrapolation, originally expressed in differing
measurement scales, and then all combined together into a single number. Such
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assessments may still be useful but defy critical evaluation: they are more analogous
to alchemy than chemistry.
Finally, both scientists and laypeople suffer from the constraints of cognitive

processes, From studies of one widely experienced environmental hazard, the risk
from nature, it is known that it is uncommon to find people who are totally
unaware or ignorant of risk from natural hazards prevalent in their location
(Burton, Kates and White_ forthcoming). At the same time, the knowledge of events
is often less than the best scientific record. Events more recent are better known
than those further removed in time. Frequent events are better appraised than those
that are not. Events with direct impact on everyday life and livelihood are more
accurately assessed than those with trivial outcomes. All of this, up 1o a point: Most
people cannot extend their imagination beyond the commonly experienced; many
see order in random events; and some are blissfully ignorant.

Mot only are cognitive processes inadequate, but our cognitive commitment can
lead us astray as well. Adams (1971) applied cognitive dissonance theory to a
common risk assessment — the likelihood of rain on a day in which a beach trip was
planned. There are striking shifts in the assessment of similar weather information
depending on whether the gquestion of interpreting the data was asked in the
context of @ commitment 1o go to the beach orin a general informational context,

Yet in contrasts betwesn the best scientific estimates of the magnitude and
probability of events, there is less of a gap between trained observers and residents
of hazardous areas than most surmise, and greater limitations on both the formally
and informally traimed than most realize. Studies of cognitive bias (Slovic, et al.,
1974; Tversky and Kahneman, 1974: Slovic, etal.,, 1976) show subtle and
significant biases in the appraisal of probability even by skilled and experienced
scientists. Mazur (1972) has carefully detailed such biases by expertsin interpreting
technical ambiguities when they arise in polarized risk assessment disputes. The bias
in the case of probability estimates by the trained is sometimes more concealed
than that of the untrained; it is also more dangerous because it leads to the most
serious of all problems of risk estimation — that of self-deception.

2.2.4 Case Study: Risk from Nature in London, Ontario, Canada

There are no places on earth for which all of the environmental hazards have had
their risks estimated. In one place, London, Ontario, Canada, the major risks from
nature have been estimated by a scientific team and compared with the perceived
estimates of a random sample of townspeople and with the frequency of the major
disaster events of human origin. The methods employed by the scientific team use
all forms of extrapolation described; the methods of the townspeople are unknown
and can only be inferred. The results, excerpted from Burton, Kates and White
(forthcoming) illustrate the major problems of estimation: the limitations of
historical experience, the mixed assumptions employed, and the cognitive con-
straints of both scientists and lay people.

London, Ontario is a city of 200,000 mhabitants located on the Thames
River in Southwestern Ontario, The river has periodic floods which can be
aggravated by ice-jams, The city is located on the fringe of the belt of heavy
snowfall that lies to the east of Lake Huron. The winter hezards are



complicated by the threat of glazestorms. Hurricanes from the Gulf of
Mexico and the tropical Atlantic can reach the region in late summer and
autumn, resuiting in heavy rains, although the gale winds have subsided in the
passage across the U.5 A, Hailstorms occur relativelv often and drought very
rarely, and both pose threats mainly to agriculture. Severe convectional
SLOrms are commaon in summer and tornadoes occur infrequently,

On the basis of an analysis of historical records of oceurrence (Hawitt and
Burton, 1970} it is estimated that over the next fifty wyears in the
southwestern Ontario region there will be 39 tornadoes, 25 hailstorms, 16
floods, 10 glazestorms, 8 hurricanes, 5 severe snow storms, 2 severe wind
storms and 1 drought. This expectation is regional and the gap is considerable
between the statistical occurrence of extreme events and the threat they
pose to an individual. For example, the most common category of events
are torpadoes that are expected to recur about every 1.3 vears within the
region. Yet in terms of a specific urban area the recurrence probability is
estimated at 400 vears and in terms of a specific house site, less than once in
2,000 vears,

The cumulative threat possd to an individual household depends on the
expected length of tenure. An average young household might reasonably
expect to encounter at least one great snowstorm, one hurricane, perhaps two
floods and three or more severs glazestorms. The remote possibility also
exists of being hit by a tornado or experiencing a hurricane stalled over the
Thames basin, or 4 glazestorm followed by a major snowfall — all events with
potential for creating a cetestrophe. In aggregate it is clear that such events in
nature do not thresten the inhabitants of London, Ontario very much,

Hazards of man-made origin in London are on about the same level of
potential magnitude as natural hazards. At most, six disastrous natural events
have occurred during the past 100 years. This compares quite closely to the
record of manmade fire, explosion and gccident. And comparison with some
37 other Worth American cities of similar size suggests that the London
experience is reasonably typical of North America — small, multiple prob-
abilities of risk for the individual: community disaster from nature and man
occurring almest equally each 20 wvears; and catastrophe recurring surely, but
unexpectedly, somewhere on the continent, each and every vear.

From the perspective of the whole community of London, the integrated
study of all the hagzards provides a hasis for deciding what actions are
appropriate either to offset the impacts or to prepare for emergencies, The
estimates rest, however, on the assumption that historical experience is a
guide to the future, Yet, it is known that the pattern of hazard changes with
time, even if the total hazardousness of a place remains constant.

In the study of the harardousness of London, Ontario, an effort was made
to compare for the first time in a systematic wayv ‘lay’ appraisals with more
‘objective’ assessments across a range of hazards. Expectations of frequency
of hazard events were investigated by asking respondents how often a given
event could be expected o oceur in the next fifty vears. Responses are
plotted in Figure 2.4 together with the ohjective estimates,

Events were described as more likely to occur 5, 10, 15 or 20 timesin 50
vears rather than the odd values of 4, 7, 9, or 11, 14 or 16 and s0 on. A
preference for round numbers is to be expected. The distributions of
responses for tormadoes, hurricanes and floods, all show a pattern highly
skewed to the right. This coincides well with observed freguencies.

While all three hazards are thought of as rare events, tornadoes appear to
pose the preatest threat in the minds of London residents. This may be
because of the dramatic effects of tornadoes that dare frequently reported in
the midwest of the United States including areas in  southern Michigan
contiguous to southern Ontario. That 140 people consider that no floods will
occur in the next 50 vears is very likely due to the high degree of confidence
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placed in the Fanshawe Dam which does reduce flood peaks, Most significant
about tornadoes, hurricanes and floods, however, 18 the fact that the
subjective estimates of frequency coincide so closely with objective assess-
ments,

The expectations of frequency of ice storms and blizzards are quite clearly
in a different category, Both have a bimodal distribution with marked peaks
towards each extreme. Ice storms are expected to occur between 1 and §
times in 50 vears by 86 people and betwesn 46 and 50 times by 62 people.
Similarly blizzards are expected to occur 5 times or less in 50 vears by 148
people, while 59 others expect blizzards to occur 46 times or more in 50
years. This suggests a major discrepancy in definition of ice storms and
blizzards. Most dramatically in the case of blizzards, people tend to see them
as common everyday events occurring almost every vear or as rare events
ocurring only a few times in 50 years. In neither case do the peaks of
subjective frequency coincide with obhjective estimates based on the observed
record. In fact, the reverse is true, and the objective frequency tends to fall in
an area of very low subjective expectation (Moon, 1971). The significance of
these observations is that they strongly shape the propensity of individuals or
households to adopt adjustments to specific hazards where the perceived
frequency is low, Differing concepts of what a hazard signifies may also affect
the receptivity of populations to warnings or other advise about adjustment.
{Burton, Kates and White, forthcoming.)

The divergences between the estimates of risk by lay people and scientists or
between those of scientists may be small or large depending on the nature of the
hazard. But such divergences may appear invariably small compared to the potential
differences in social evaluation.

23 SOCIAL EVALUATION

If risk estimation is the measure of events and consequences, the social
evaluation of risk is its meaning. As meaning, the evaluation of risk is variable and
relative, expressed in symbaol, value and affect. As such, it is difficult to distinguish
all but the normative methods. vet risk evaluation is practisad by all. One division
between methods is to focus on the kinds of comparison seemingly made —
comparisons related solely to the risk in question, to other risks, to costs of
avoidance and to benefits.

2.3.1 Methods: Aversive, Balanced, Benefit-Risk, Cost Benefit

Aversion  Aversive risk methods are those of avoidance or minimization, with
little consideration to comparison with other risks and benefits. These methods are
deeply embedded in culture as taboo, in society as standards and regulations, and in
a person as avoidance and aversion.

All cultures contain taboos, both sacred and profane. The most universal taboos
relate to the most elementary needs: life, sex, food. The imperative *Eat Not This
Flesh' (Simoons, 1961) is heeded by most, but not all, with little reference to
other risks or benefits. It is a prime example of aversive risk.

Taboos are easily recognized as such in so-called ‘primitive’ societies, rationalized
when part of the world's great religions (at least by adherents), and ignored when
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embedded so deeply on one’s native culture as to constitute habit or law. Thus
‘primitive’ efforts to avoid the risk of defilement are labelled as taboo, but similar
efforts to avoid the risk of disease are called preventive medicine. Or, in many
countries where killing others (capital punishment, war) is countenanced, the
suicide taboo is recognized not as taboo but as law — it is a crime 1o take one’s own
life, or to attempt to do so.

Societies as well as persons make aversive risk judgements with little or no
reference to other risks or benefits. Much regulatory activity for safety or public
health is intended 10 encourage maximum aversion. All z¢ro tolerance standards for
pollutants or impurities. as well as standards at the supposed doseconsequence
threshold, are examples of aversive risk evaluation. Such standards may have aslittle
or less internal logic than the primitive taboo notions that are often characterized as
irrational. In the United States, for example, carcinogens are banned in foods, but
not in water; are excluded from intestines, but not from lungs. By whatever name,
the logic behind aversion is difficult to infer, as in the following two widely
differing examples: the abominations of Leviticus and the prescriptions of
earthquake building codes.

For Douglas (1966), the dietary rules of the Old Testament are a metaphor of
holiness, “the unity, integrity, perfection of the individual and of the kind." She
asks,

Why should the camel, the hare and the rock badger be unclean? Why
should some locusts, but not all, be unclean? Why should the frog be
clean and the mouse and hippopotamus unclean? What have chamel-
eons, snakes and crocodiles got in common? (Douglas, 1966, p. 54)

Her answer is @ mix of pragmatic classification, beginning with cloven-hoofed,
cud-chewing ungulates as the essential food of the pastoralist and further related to
the threefold classification of Genesis; creation divided hetween the earth, sea and
skv. The principle she sees in all of this is a simple one. Clean animals fully conform
to the archetypes of their class: cloven-hoofed ruminants; fourlegged animals of
earth that hop, jump or walk; scaly fish of the sea that swim with fins; and
two-legged fowls that fly with wings. Those species are unclean which are imperfect
members of their class or whose class itself violales the Mosaic systematics.

There are, of course, alternative explanations for the abominations, some of
which are discussed under theories of taboo. But compare Douglas’ orderly
principles for the Judaic aversions with this similar attempt by an earthquake
engineer to fathom the principle underlying earthquake codes of 14 nations:

It becomes apparent, upon a hbrief inspection, that considerable
variation exists between the many codes. Although nature and the laws
of physics do not vary between countries, building code developers
have disagreed on the interpretation of various factors in these codes
and the importance ascribed to them.

Most of the difficulty arises as the result of (1) difficulty in assessing
the seismicity of a region; (2) the heterogeneity of the geology and soils
on which structures are located; (3) the heterogeneity of structural
systems' behaviour under vibrational loads; and (4) a lack of a suitable
rationale for setting tolerable risks. In summary, only four codes (ie.,
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Canada, France, Mexico and Romania) recognize a structural import-
ance factor; none account for structural life: several recognize that
ductility modifies earthquake intensity; eight suggest that structural
period iz important in modifying earthquake intensity; but none allows
for any dependence between the lateral force and sarthquake magni-
tode (this latter observation results probsbly from the fact that
varigbility in risk is not considered); and finalty twelve recognize the

importance of soils, and two acknowledge that foundation design
modifies carthquake intensity. (Wiggins, 1972, p. 21)

Whatever the disparate rules of swersion, its employvment is ubiquitous. Most
people, evervwhere. practice aversions — making both absolute 2nd relative rankings
of risks io be =voided. Yet such 2 calculus may be only remotely related 1o the
frequency of events or the magnitode of consequences.

One stndy (Golant and Burton, 1969) analysed the verbal preference given by
206 respondents for the risk avoidance of 12 hazards chosen 1o represent varying
severity of natural, physical (direct injury to person). and social (psychicsocial
distress) hazards. The respondent’s experience with the hazard is compared with
preferred risk avoidance in Table 2.5. With the exception of auto accidents. the
least experienced are the most feared. A similar study done in Austria found greater
svoidance expressed for physical threar than natural threat compared to the
Canadians {Otway, et al., 1973}

The degree of aversion for illness has been parily measured by the “serious-
ness-of-fliness” scale. A list of 126 diseases has been scaled by both patients and
doctors as to the seriousness of the disease, with a rank correlation of 95 between
both groups (Wyler, Masuda and Holmes, 1968, 1970). Yet, if compared with the
actual risk of death, both patients” and doctors' perception of seriousness is poor.

TABLE 2.5 Hazard Rankings by Respondents’ Avoidance Preference and
Expericnce

Avoid-
ance Avoidance Experience  Experience
Rank Hazard No. ® No. % Rank

1 Auto Accident 160 T7.7 127 617 4

2 Attacked and Robbed 127 616 11 53 12

3 Tornado 110 534 12 92 11

4 Forest Fire 107 519 29 148 g

5 Earthquake 106 515 27 131 g

& Failing in School or Job 105 509 68 330 T

7 lliness 95 46.1 166 BD.6 1

-] Loneliness 79 384 152 738 2

9 Flood T4 359 27 13.1 10
10 Public Embarrassment 73 354 108 324 5
1t Being Disliked by Someone

You Admire 72 350 o0 437 ]

12 Thirst 55 267 128 62.1 3

Source: Golant and Burton, 1969, p_ 6.
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TABLE 2.6 Hicrarchy of Risk Consequences and Some llustrative Scales of Measurement

Individuals

Collectives

Frimuary

Iherived

Primary

Dherivend

I Premature Death
(Actual Death)

2. lness & Disability
(Pain & sulfering,
loss of Duculties &
socinl capability which
may or may not lead
to death )

3. Survival Factors

Perceived value of avold-
ance of:
Immediate death
Time discounted death
Statistically discounted
death

Avoidance of severe,
lasting pain & suffering.

Debilitation,

Death coupled with the
dbove measures,

Adequacy of dict, shelter,

& comfort.
Crowding Factors

Meusured value ol all 3.
How much one would give
1o avoid these in terms

of dollars, activities,
& change of life style,

Ami. pd. for correction.
Ami. pa. for prevention.
Tirne & mation lost,
Larnings loregaone,
Soclal aclivities foregons,

Calories/day

Amlt, per period.

Portion of income for
suslenunce,

Peoplefone mile.

Average mis. ol years fore-

gone.
Mo, of deaths per million

Per year.
Cause of death,

Na. of illnesses &
injuries.
Puritly of genetise pool.

Ave. diet, sheller, ¢ic.
levels.,

Mo, & % with inndequate
diet, shelter, ¢ie.

Birth rate/desth rate,

Clost fo society .,

Cost to average individuals,

Dollars spent per death
uvoided (or years saved ).

Lol productivity.

Clost ol preventive & corree-

e ealth care

Cost ol adequate survival
lactors.

Cost of avorling delicien-
vies,

Resultunt ill health & death
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4, Exhaustible Resources

5. Security

6. Belonging — Love

7. Egocentric

8. Self-Actualization

Unavailability to meel
current & future needs,

Cost to meet needs vs
substitution.

Perception of rights
encruched.,

Crime incidence as an
indlivid ual.

Sterility of o,

Perceplion of group.

Family & society member-

ship.
Loneliness.

Perception of wealth,
poswer, rank, fume,
(L] L
Material wealth,
Frecdom as an individual,
Sell esteem,

Perception of the many .
factors of quality of
lile.

Self-satislnction,

Price - demand relation-

ships,
Substitutability.

Meisures of these.

Measures of these.

Earnings & assets.
Position,

Measures of the quality
ol life.

Scarclty of resources.

Dependence on imports.

Price<demand relation-
ships.

Substitwtion elasticity,

Civil rights actions.
Mo, of rights threstened,
e, privacy, Tnir
< hearing, ¢le.
Crime role.
Do s oo rutee.

IFivorce rate.
Marriage rle.
Changing social mores,

No. & kinds of people
who have satisfed
their personal goals,

Collective measures of
quulity of life.
Collective satisfaction

Cost ol waste & conservi-
tiusn.

Mational defens: vs industey
needs,

Import-esport balance.

Public apinion polls.
Value of the dollar.
Public salety dollars spent

Number & kinds of clubs &
aclivilies.
Membership siatistics.

Suicide rute.

Collective indices of
the quality of life.

Source: Rowe, 1975, p, 68,
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Diseases such as leukemia, cancer, and multiple sclerosis, are all perceived as more
serious that the more frequent causes of death — strokes and heart attacks.

Another important form of aversion may be independent of specific hazards;
namely, an aversion to risk itself. The aversion to risk is defined generally in terms
of the willingness to accept less gain or to pay more for a reduction of risk. Risk

aversion practices are widespread and provide the behavioural basis for insurance and
other risk sharing activities.

Balancing risks  Aversive risk practices, if they involve any comparisons at all,
would seem to involve comparisons with a higher power, imperative or postulate.
Balanced risk methods, on the other hand. seek to compare and equalize
consequences. Consequences need to be generalized in some form for comparisons,
and Rowe has worked out a set of examples of how to scale consequences in order
to compare them (Table 2.6). He uses the same set of categories (based on Maslow)
as in Table 1.2, and suggesis for each type of consequence some primary, or direct,
subjective measures and some derived, indirect and interpretative measures.

The most common form of risk balancing is to compare frequencies of
mortality, morbidity or damage in order to encourage some desired action or reveal
some inconsistency (Pochin, 1974; 1975). Risk exposures may be quite uneven
between societies, within a society, within a single lifetime, and even within a day.
The chance of dying in an sutomobile crash in East Africa is 50 times greater than
in North America. To be an airline pilot, coal miner, agricultural worker, or a steel
handler, is to court a risk 10 times greater tham the average worker in
manufacturing (Green, 1975). In the United States, the leading cause of death for
children and young adults is accidents, for middle-aged and older persons, heart
disease (U.S. Department of Health, Education and Welfare, 1974). Within a British
worker's day his risk exposure may vary by a factor of 600 (sze Figure 2.5).

Nonetheless, some balance can be struck. An example of such a methodology is
the study for the earthquake code of the City of Long Beach (Wiggins, 1972) which
sought to provide a range of acceptable risks to the community, risks based on
comparison with those “citizens encounter every day in the use of automaobile, at
work, in public activities and at home." These risks, of course, differ, and the study
offered earthquake code standards that could lead to death risk exposure of 1075,
107® or 1077 per person/vear, depending on the risk aversiveness of the
community.

Fundamental to a notion of balance is that there are acceptable or unavoidable
consequences — some level of risk greater than zero tolerance. Starr (1972) has
sought to discover the acceptable consequences embedded in broad societal be-
haviour. By comparing risks of death from standard units ofexposure and examining
these over time, he finds (as noted in Section 1) what he believes to be steady
progress toward certain common levels of risk stability. While such risks tend to
stabilize at some benefit level, the boundaries of acceptable risk levels are
‘natural’ — the upper limit is set by annual per capita illness and disease risks of
about 107 and the lower level by risks from natural hazard of 1078,

Cost Effectiveness of Risk Reduction Intermediate between comparison of risks
with other risks and comparison of risks and benefits is the comparison of risks and
the actions or costs of preventing them, also known as cost-effectiveness studies.



4]

1,000

Sleaping Time

Eacing, Yashing, Dressing, etc. ar home
ODriving te ar from Wark by Car

The Day's Work (Chemfcal Planmc)

The Lunch Bresk

Hoctor=Cycling

Communal Encertainment, @.g. pub

HE0EN

L=
=

Faral Acoidant Frequency Have [ Iﬂ. Hours Exposure

Midmighe Hidmight
Figure 2.5 The imbalance of risk in a British chemical worker's life. After
B. C. Bulloch, Relighiliry Enginecring in the Chemicel Industry

There appears 1o be some correlation between the variogs levels of risk and the
effort extended to reduce them. Orway (1970) draws some generafizations about
societal response to various risk levels.

Fatal accidents providing hazards on the order of 1072 per person/year

are uncommon. When 2 risk this level, immediate action is
taken to reduce the hazard. This level of risk appears unacceptable to
everyone.

Al an accident level of 10™ per person/vear, people spend money,
etpecially public money, to control the cavse. Money s spent for traffic
signs and control, and police and fire departmenis are maintained with
public funds. Safety slogans popularized in the U.S. for accidents in this
category show an slement of fear, eg., “the life vou save may be your

own,’
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Mortality risks at the level of 10°% per personfvear are still
considered by society. Mothers warn their children sbout most of thess
hazards (playing with fire, drowning, firearms, poisons), and some
people accept a degree of inconvenience, such as not travelling by air,
to avoid them. Safety slogans for these risks have a precautionary ring,
*‘Never swim alone,” ‘Never point a gun at another person,” ‘Keep
medicines out of children's reach.”

Accidents with a probability of ahout 107® per person/year are not
of great concern to the average person. He may be aware of them, but
he feels that they will never happen to him. Phrases associated with
these occurrences have an element of resignation, ‘Lightning never

strikes the same place twice,” *An act of God.' (Otway, 1970, pp.
366=36T)

Within any one category more refined analysis can be undertaken, Sinclair
(1972) has specifically evaluated the cost-effectiveness of preventive costs in
industrial safety in the United Kingdom. He argues theoretically for cost
minimization of the sum of accident and prevention costs and examines empirically
the differences in three industries: agriculture, steel, and pharmaceuticals. Based on
the risk and the costs of prevention, he calculates an implied life evaluation,
implicit in the preventive activity, which varies between thousands and millions of
dollars (see Table 2.7).

As Sinclair notes, if an absolute value could be put on the benefit of a life, a
conventional cost-benefit analysis of risk reduction and prevention could be
employed (see, as an example, International Commission on Radiological Pro-
tection, 1973). Using various estimates of the value of a human life based on

TABLE 2.7 Comparative Risks, Safety Outlays and Implicit Life Valuations in
Three United Kingdom Industries

Annual risk per 1,000 Average outlay  Valuation
workers of: (£ worker) L
Serious
Sector Injury injury Death Death
Agriculture 2570 444 D.197" 3 (1966-68) 15.000
Steel handling 7271 94927 0.216% 30(1969) 230,000
62347
Pharmaceuticals 25.0° 247° 0,020 210 (1968) 10,500,000
36.80°

Sources

' Ministry of Agriculiure. Fisheries und Food, 1966 <68 average.

* Annual Report of the Chief Inspector of Factories, 1969,

* Department of Health and Social Security Diagest of Statistics Analysing Cerfificates of
Incapacity, 1967.

* Annual Report of the Chief Inspzctor of Factories, 1967, and Department of Health and
Social Security Digest, 1967,

Soworce: Sinclair, 1972_p. 50.
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insurance values, jury awards in lzbility cases, or premature death estimates of the
combined cost of medical expenses, lost human productivity and psychic distress
have been calculated (Linnerooth, 1973). Such measures generally apply only to
developed countries, but the sconomic worth of preventing death at different ages
has been calculated for developing countries (Enke and Brown, 1972).

Benefit evalustion for environmental damages (the damages prevented are the
benefits of benefit-cost studies) has proceeded to the point of standard analysis. A
handbook of environmental damage function calculations has been issued by the
Organization for Economic Cooperation and Development (OECD) (Méler and
Wyzga, 1976).

Benefir-Risk Analvsis  Still another comparison is that of benefit-risk studies that
compare rates of risk to the benefits arising from the activity. In this variant of
benefit-cost analysis, risk is a surrogate for social cost. Estimates of risk of death in
person/hour of exposure for & variety of activities compared to benefits have been
calculated by Starr. These are calculated minimally in some cases as simply equal to
the expenditures for the activity and in other cases as expenditures plus some
additional benefit (for example, time saved in speedier transport). Starr’s now
well-known relationship, where risk increases approximately by the cube of
benefits, is shown in Figure 2.6a. This holds true for both voluntary and
involuntary risks.

There are some dissenis to Starr’s interpretation, dissents that quarrel both with
the voluntary-involuntary distinction and the relationship between benefits and
risk, Lave (1972) argues that it is the ‘public pood’ nature of the risk (all are made
safer by an increase in safety) rather than the voluntaryv-involuntary nature that
leads to greater expenditure and lower levels of risk. Thus, railrosd and comme rcial
aviation are safer than general aviation or private sutos because marginal
expenditures of risk reduction benefit more persons. Rowe (1975} uses a different
distinetion between voluntary and involuntary risk, accepting as voluntary all risks
where there is direct benefit to the risk-taker and where information on the risk is
not withheld. Using a more consistent data base and this definition, Rowe finds the
difference between voluntary and involuntary risk a significant one but smaller than
that of Starr. Otway and Cohen (1975) argue that a risk-benefit exponential
relationship (shown in Figure 2.6a as R ~ B*) may not be warranted from Starr’s
data on worker salaries and recalculate the relationship as shown in Figure 2.6b.
And the absence of benefits attributed to natural disasters ignores the findings of
the relationship between beneficial location and natural hazard vulnerability
(Burton, Kates and White, forthcoming).

These dissents modify but do not necessarily argue against the implications for
social policy described by Starr (and generalized in Figure 2,7} as

1. Rate of desth from disease 5 an upper guide in determining the
acceptability of risk — somewhat less than 1 in 100 vears.

2. Natural disasters (‘acts of God') tend to set a base guide for
risk — somewhat more than | in a million vears — similar to the
intringic “noise’ level of physical systems. Man-made risks at this level
can be considered almost negligible, and can certainly be neglected if
they are several magnitudes less.
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3. As would be expected, societal acceptance of risk increases with the
benefits to be derived from an activity, The relationship appears to
be non-linear, with this study supgesting that the acceptable level of
risk is an exponential function of the benefits (real and imaginary).

4, The public appears willing to accept voluntary risks roughly 1,000
times greater than involuntary exposure risks. .. (Starr, 1972, pp.
38,41)



43

FATALITY RISK — DEATHSYEAR

CLASS
oF
RISK
T — EXCESSIVE
i -
B Ba ISEASE LEVEL {
sl VERAGE DISEAS s
103 =
10—t —|MDDERATE
o2 = =
NATURAL
—&— = LOW
0 wazarDs
10~ =
|
i —NEGLIGIBLE
o il
w | ! |
10 108 103 108 108 108

EEMEFITS — RELATIVE WALUE

Figure 2,7 Benefit—risk pattern: involuntary exposure. Source: Starr, 1972, p. 41.

A more serious problem with historic societal preferences is in their aggregation
of benefits and risks and their concealment of the considerable inequities found in
the distribution of both benefits and risks. In practice, much conflict in social
evaluation arises from such differences. Both the benefits and risks may be diffuse or
concentrated in space, time and social class, making equitable comparison difficult.
In space, the common cases aré those in which benefits are concentrated and risks
are diffuse, as in the use of pesticides by farmers, and the reverse, diffuse benefits
and concentrated risks. as in certain occupational hazards. In time, the common
case 15 immediate benefits and delayed risks, as in the latent effects of chemicals.
although the reverse is possible as well, In social class a common case is for
congentrated benefits or risks to special groups, as in time-saving for S5T-flying
executives or increased air pollution exposure to the slum dweller. For all such
cases it is possible to devise methods for providing compensation, or redistributing
the inequity. In practice such mechanisms are lirtle used and difficult to enact.

The Starr work on benefit-risk analysis has sought to detect societsl preferences
as to benefits and risks over time in the historic record of a single nation. Equally
suggestive as to differential risk preferences are national differences, Two examples,

chemicals in the workplace and therapeutic drugs, are available for comparison.
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Occupational hazards in modern industrial states include many chemicals, and in
some nations maximum permissible concentration (MPC) or threshold limit values
(TLV) have been set for several hundred of these common indusirial hazards. On
the standards list of both the US. and the US.S.R. are some 169 common
chemicals, standards for many of which are also set by the Federal Republic of
Germany (FRG), the German Democratic Republic (GDR), Sweden, and
Czechoslovakia. (Standards in Argentina, Great Britain, Norway, and Peru are the
same as in the United Stares ) Based on data in Ambio (Royal Swedish Academy of
Sciences, 1975) Table 2.8 has been compiled showing the variability in national
standards, employing the ratio of the national standards to the lowest standard of
any of the six nations. The differences seem consistent, i.e., there is a large number
of chemicals for which the standards are higher or lower than other nations,
suggesting a national preference for the allowable risk. In the case study in Section
3.2.3, two Soviet scientists suggest from their perspective the bases for these
differences,

In setting occupational health standards for the workplace, United States
standards appear to accept greater risk than other nations’. In accepting risk from
drugs, however, the reverse may be true. Risk estimation in therapeutic drugs is of
particular interest, for there are probably few enterprises which have more specific
need to continuously evaluate uncertain benefits and risks than the therapeutic
drugmakers and regulators. Some apparent risk 15 involved with every new
therapeutic drug.

Recent international comparisons indicate some major differences in the metheod
of making such appraisals. Approximately four times as many drugs have been
released for physicians’ use in the United Kingdom as in the United States over the
last decade (Wardell, 1973). These national differences in benefit-risk assessment in
the post-thalidomide era seem to relate in part to differences in strategies of risk
assessment, in part to striking a different balance between benefits and risk, and in
part to the nature of the group process. Methods of risk assessment in the United
States favor extensive animal studies and pre-release clinical trials; those of the
United Kingdom favour more limited animal studies and close surveillance and
monitoring of resulting therapeutic use, with rapid corrective action where toxic or
serious side effects are indicated. The distinction, then, is partly methodological —
how accurately can risks be assessed in humans through animal studies? It is also a
conservative hias in the United States case to minimize risks at the cost of delaying
useful therapies. And for the United States, it is also a bias toward regulation at the
source, rather than regulation in practice, as is characteristic of the United
Kingdom.

Historic records and national differences are one method of revealing societal
preferences in evaluating benefits and risks. Direct inguiry of individuals or
representatives of groups is also possible. One difficulty. however, in eliciting such
judgements is to compare their meaning. To compare individual preferences for
different things or that of many individuals for the same thing suggests the need for
a common scale. For some restricted preferences. monetary values approximate such
a scale. But more often a scale of utility is used as a measure of preference. In wayvs
similar to the fractile method of estimating risk (Section 2.2.1), techniques exist for
converting judgements of utility into guantified estimates or to scale risks and
benefits directly by psychometric technique (Fischoff, et al., 1976).
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TABLE 2.8 International Comparison of Permissible Standands for Chemicals in the Work Environment

Ratio of Nationusl
Standard to

Lowest Standand N
1.00 1%
1.01-2.0 2
2.01.-50 42
501-100 27
10.01-50.0 I8
50001 200+ )
Total N = 164

USA (%) No. FRG(%) No, GDR (%) No. Sweden(%) No. CSSR (%) No. USSR (%)
I_].I 22 3.8 I-I- - 19 21 6.0 ]9- 2T.5 147 87
154 12 20 12 29.1 15 18.9 21 in4 13 7.7
248 30 18.8 27 246 1% 24.1 16 23.2 4 2.3
16 24 15 7 64 10 12.6 6 8.7 4 23
2214 34 21.2 20 18.2 12 15.2 ] 8.7 1 o
10.2 & 11.2 i 2.7 2 2.6 I 1.5 1]

10 [0 100 (g 100 ™ 100 o 104 169 100

FFor each chemical the lowest value standard (most stringent) was tnken (o equal 1. The number in this category indicates the total number of chemicals Tor zach

country equal to the lowest value,
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An attractive feature of such judgemental methods is their use in assessing the
value of multiple attributes. Benefits and risks from a technology or a hazardous
location are seldom simple and have many characteristics. And not the least of such
attributes is uncertainty itself. Currently there is much interest in the application of
such methods, called by some multiple attribute utility (MALU) methods, to a
variety of hazard problems (Gros, 1975; Nair, 1974; Gardiner and Edwards, 1975),
In their more structured application such methods are tools of decision analysis
{Raiffa, 1968; Keeney and Raiffa, 1976).

2.3.2 Theory: Symbols and Norms, Administration, Preference and Utility

Different theoretical sets seem to underlie explanations of risk aversion by
culture, society and person, although there is considerable overlap. Theories of the
role of taboo in a culture are a subset of anthropological and sociological theories as
to the nature of religious, ritual and mythical symbolism, and of legal and
normative behaviour. Three distinct interpretations are frequently put forth 1o
explain such behaviour: the first simply accepts the behaviour on its own stated
1erms, the szcond sees some direct functional purpose related to life or livelihood,
and the third finds less direct but still functional social purpose related 1o the
maintenance of a society. Thus, one can sssert that myth, for example, is really
history (Thompson, 1972), albeit at times somewhat distorted in the retelling, or
that as revealed truth it serves a direct function or a broader social purpose (Eliade,
1960). These thecries applied to the case of Leviticus would consider the
abominations either as a genuine revelation, or the hygienic rules of the available
ethnoscience, or indirect rules serving such varied purposes as to affirm ethical
imperatives, distinguish Jews from their neighbours, or bring order into a chaotic
world by classification and category (Douglas, 1966).

To explain how societal aversions or concerns become coded in standards and
regulations is an aim of modern administrative theory, Two basic theoretical models
exist: the rational and the bureaucratic models. In the rational model, the common
assumptions are as follows: There exist known and shered objectives or values — for
example, a goal to protect the health of the people. Given such a goal,
decision-makers have sets of alternative policies — for example, ambient air
pollution standards, requirements for seat belts in autos, or coliform-count
thresholds for permissible swimming. For each alternative, there is a set of known
or inferred consequences. The choice, then, of which alternative to codify is a
choice of which acis 1o maximize the objective. sometimes subject 1o some
specified constrainis. This model, of course. is rarely found in practice, but
elaborate normative theory exists for its application (Marschak, 1950).

In contrast to the rational model, the bureavucratic model assumes for a
bureaucracy a life of its own, one not necessarily related to its function. It is the
organizational requirements for survival or growth rather than its function that
dictates its policy. There are many variants of the model, but in most of them,
decisions arise from conflict or power situations with bureaucratic sovereigns, rivals
and allies (Downs, 1967). In such context, studies of bureaucratic standards-setting
have either focused on how the regulated control the regulators (Kohlmeier, 1969);
on how the interaction takes place between varied interests (Chicken, 1975); or on
emphasizing particular processes, modifications of the rational model (Simon,
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1955); incremental decision-making (muddling through) (Lindblom, 1959); or crisis
response (Hart, 1957).

Hazard and risk aversion are specialized issues of the general guestion of
like-dislike, the theory of which subsumes # good bit of the social and behavioural
sciences, To explain the ordering of likes and dislikes carries science to the frontiers
of the unconscious and beyond. Preference, value and utility theory pull back from
that chasm and ask not why do individuals like/dislike, but what are their
preferences, how can they be valued, and how can these be used in rational analyses
originally intended for use with monetary value. A rich and variegated theory has
emerged designed to allow for a wide range of individual and group preferences, to
make these more precise, and in tum to eémploy them in rational modes of
decision-analysis and choice (Raiffa, 1968).

2.3.3 Problems: Affect, Data, Bias

Aversive-risk methods are deeply rooted in the past, in the ritual and habirual,
and in the unconscious. They tap strong, affective emotions in ways little
understood. Their advantage is the ease of analysis and the effectiveness of decision.
But precisely because the roots of aversion are so deep, relying on it to evaluate
new and newly-discovered environmental hazards is limited, unless these hazards
can be easily seen or symbolized as a variant of an existing risk.

Balancing or comparing consequences requires a standard data base, as yet
internationally unavailable. Even mortality data, the least ambiguous of all
consequences, are deficient, particularly for evaluating risks in the context of
developing countries. For example, Starr's (1969—1972) ‘natural’ base, the annual
per capita mortality risk from natural hazards, is given by him as 10™%, But there is
nothing necessarily ‘natural’ about it, for it is 2 rate appropriate only for
industrialized nations. Qverall, for the world as a whole, the natural hazard rate is at
least 107%, and for Bangladesh specifically 107,

For morbidity the data base is even less satisfactory as in this example for
accident data in the United Kingdom:

Comparison of the total numbers of accidents reported to the Factory
Inspectorate and those reported to the Department of Health and
Social Security in connection with large industrial injury benefit for
any particular industry shows large variations with the Department of
Health and Social Security often recording considerably larger totals.
Meither are the populations at risk close in total, nor doss the ratio
between different risk populations in the two sets maintain a constant
ratio from industry to industry. (Sinclair, 1972, p. 13)

Needless to say, the Factory Inspectorate is a regulatory agency, and it is estimated
that at least a fourth of the accidents are not reported to it. Conversely, the
Department of Health and Social Security is a benefit agency which processes
claims for sickness and injury benfits.

Similar statistical problems are reported for economic losses, for example,
natural hazard damage. This is true to such an extent that in constructing damage
functions for flood hazard, synthetic data, unreal but modeled consistently, were
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found to be more representative of the effects of flood than the collected
observations of flood damages (White, 1964; Kates, 1963).

When comparisons are made between benefits and risks or benefits and costs,
further biases are introduced. Whole classes of benefits or costs of risks are, by
definition and practice, more uncertain and more difficult to estimate, measure or
even describe (National Academy of Sciences, Committee on Principles of Decision
Making for Regulating Chemicals in the Environment, 1975). This lack of
symmetry tends to bias analysis to the immediate, the definite, the economic, and
the developmental. Alwouney (1963), for example, showed how in 100 con-
ventional U.S. benefit-cost analyses of water supply projects, the benefits were
consistently overestimated and the costs underestimated. The benefits of many
economic development projects appear definite and immediate, the risks appear
indefinite, fuzzy and amorphous. On the other hand, between amenity and
disamenity, there is a bias 1o the disamenity. Consensus can be more easily
marshalled as 1o the ugly. dangerous or objectionable — rather than the beautiful,
the safe or desired (Kates, 1966).

Lowrance (1976) has described a whole array of considerations influencing
safety judgements including: the voluntary, occupational, or essential qualities of
exposure to the hazard, and the uncertainty, severity, reversibility, and selectivity
of its consequences.

Individual and group attitudes to uncertainty lead 1o other biases. Mack argues
for a conservative bias arising from ‘the rule of exceptions,” a device for disclosing
items which make executives’ mistakes more visible than their successes (Mack,
1971). Arguing the contrary. a very large and inconclusive psychological literature
explores the ‘risky shift,’ namely, that groups make riskier decisions than
individuals (Dion, et al,, 1970; Vinokur, 1971 ; Pruitt, 1971; Clark, 1971). And Janis
suggests that the imternal dynamics of a group can bias it toward good or bad
decision-making (Janis, 1972).

2.3.4 Case Study: Choice of Water Source in East Africa

The suggested distinctions between social evaluation methods are distinctions
easily blurred in the real world. In the real-world setting of risk assessment and
choice, aversive, balanced and benefit-risk modes may all be employed at the time
for the same choice. In the following case example about choice of a water source
(White, Bradley and White, 1972), an ordered or lexicographic choice process is
used along with elements of all three types of evaluation. In Figure 2.8, the basic
type of analysis is shown for one family, and this is followed by an excerpt from
the study describing the overall use of social evaluation methodology for different
water use systems in Kenya, Tanzania and Uganda. The decision-makers in this case
are mainly women, from 330 households; the risk assessed is the hazard of impure
water, a risk compared 1o other benefits and costs. The case study well illustrates
that risk assessment is & part of everday life, not simply on outgrowth of
technological development. In both developing and industrialized countries,
sophisticated analyses may be routinely made.
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Figure 2.8 An ordered choice among possibly hazerdous water sources in East
Africa. Adapted from White, Bradley, and White, 1972, p. 230.

The method of ordered choice can be illustrated by the way people
perceive their choices of water sources in one household in 2 humid section of
Ganda territory north of Lake Vietoria (Uganda). The family has within easy
walking distance six sources where water might be drawn. Source | is a
borehole where pure, mineralized water may be had for the pumping. Source 2
is the iron roof of the mud and wattle house, A path leads 1o a spring at 4, a
small stream entering a swamp at 3, and another seepage at 6. Somewhat
nearer than 4 and along a side path is another spring at 3.

An interview with the woman of the household shows that she is aware of
the borehole but does not go to it because she conziders that the water,
judging from taste and the color it gives tea, would be injurious to her
children, and she distrusts the stream at 5 as well. She also realizes she could
take water from the roof if there were a suitable gutter, drain pipe, and
barrel, but it is too expensive, Source 3 rates high on quality, ease of
obraining water, and distance. [t, however, requires going across the land of
an irritable neighbour, and thus she goes to 4, choosing it in preference to the
furthest source at 6,

The simplest choice situation in a rural setting — reallv Hobson's choice —
would be one where the household has only one source from which to draw,
as in an arid area where the second nearest waterhole is bevond the reach of a
day's round trip. No such situation was found in the East African studies,
although cases are reported in northwest Kenya in the Lake Rudolph region
and in much of the northeast. In every household investigated there was a
theoretical choice of at least two sources. Indeed, the theoretical range is so
great in all but a few instances that it is difficult to describe them all.

Take, for example, the Hoev's Bridge rural area (Uganda), Of thirty
households studied, fourteen wvolunteered that they considered only one
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spurce in drawing water, These were rated from low to perfect in general
character, but all were regarded as yielding potable water. In the other sixteen
households, nine sources were flatly rejecied as unsuitable: four because of
water quality, thres becaust of energy costs, and one each because of
technical difficulties or irritating relationships with other users. Among these
households, twelve sources, although perceived as usable, were not used
becaunse of preferences for quality (2), technology (1), energy costs (3), and
combinations of resources and economics (2) or technology and economics
(2). In one case the user was willing to sacrifice energy for better quality; in
another case, the opposite held.

At Alemi (Uganda), out of thirty households in the northern part of the
area only five fail to perceive more than one source. Of the others, twelve
reject alternatives because of water quality snd thirteen reject them becausa
of energy cost. In expressing preferences among the remaining sources, five
are favoured because of cost, three because of guality, and three because of
interpersonal linkages. One user may reject several sources, giving a different
reason for each,

Owerall, the two most frequent reasons for rejecting a source were its cost
and its quality. Economic considerations were mentioned as a reason for not
using at least one source in all sites (Table 2.9). Women said that the path was
too long, or the climb too steep, or the charges by water carriers too high.
Water quality was mentioned similarly in all sites but Masii, Quality was
judged wvariously: oilv appearance, turbidity, mineral taste, and color were

TABLE 2.9 Factors Associated With Choice of Water Source for Houssholds
Carrying Water

Rejected
because of: Preferred because of;

Site
Number  Site Name Q@ T E L QTE L QandE TandE
11 Kiambaa 4 2 f = = = 2 1 5 1
13 Mukaa I 2 1 21 4 1 2 .
14 Masii - 3 6 - 3 - 3 1 6 1
15 Manyata 10 4 g 2 - 2 1 —
16 Hoey's Bridee 4. 1 31 21 3 D0 2 2
17 Mutwaot 1, = 3 - 1 1 - -
19 MEkuu 16 2 4 41 1 4 —
20 Moshi 6 1 7 I - 1 1 i -
22 Kipanga la 1 1 — = 3 — -
23 Alemi 15 1 14 — 3 — 6 3 | 0
24 lganga (rural) 3 2 31 - 2 — 5 - 26 -
25 Iganga 3 - 3 21 14 - T -
26 Kamuli 1 - 13 - 11 10 13 -
27 Mwisi 5 = 2 6 4 4 1 3
18 Kasangati 2.1 121 &5 - 58 1 & =
29 Mulago 2 1 24 — 1 — 8 4 - 2

Total 91 21 140 2 34 9 72 15 75 9

0 = Quality E = Economics

T = Technology L = Social linkages

Source: White, Bradley . and White, 1972, p. 237.
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mentioned often. Without being able to specify any of the health costs, the
woman a1 the well is likely 1o have strong judgements about what appearance
of water is good for her family. Sites were evenly divided between those
where guality of resource was the dominant reason for rejecting sources and
those where economic cificiency was dominant, but for the aggregate of
sampled households rejections were highest for economic reasoms. Tech-
nology was of secondary importance, but it occasiomally showed in a
woman's inability to build 2 cistern or dig a shallow well Awoidance of
contact with other peopie figured clearly in only two instznces.

When reasons were given for preferences among those sources not rejecied,
heavier weight was placed on economic efficiency than on resource quality,
the two were given as combined reasons in the largest number of situations,
technology had an even smaller role, and linkages took on greater importance.
Users found it somewhat easier to say why they would not use a source than
to explain why one was preferred over another. Fewer preferences than
rejections were expressed, and more than 40 percent of the preferences
combined two considerations, such as resource quality and economic
efficiency. Once the field of choice is narrowed to those sources regarded as
usable, the articulated reasons become more ambiguous.

To the extent that households perceived anly one source and were unable
to give rensons for excluding other sources, or could not articulate their
preference, it was impossible to account Tor all choices in a study area, and
the totals of rejections and preferences shown in Table 2.9 do not add up to
the number of sources mentioned. At Mutwot, for example, many users said
that they considered only the nearby tap or well, and could not discriminate
among other possibilities. The resulting statement thus shows the reasons
given but ignores the unspoken judgements.

One way of measuring the valoe placed on water gquality is to examine
instances where a household goes to & more distant source to obtain what it
regards a5 befler water. A similer comparison is found where the houschold
consciously uses an inferior but scceptable source because of the economy of
carrving & shorter distance. What one user would consider acceptable another
might reject. In five of the houscholds the user preferred to go a longer
distance for what she regarded as better water.

In no case did people use sources they declared to be clearly unsuitable in
quality, slthough in numerous cases they lamented the distance to a suitable
spurce. They can only ssiect among sources that appear 1o them to be viable
options: it is fruitless to rule out all the available sources as not potable. What
is considered usable in Kipanga may not be in Mutwot This s sometimes
puzzling to the water sopply expert. Al the Alemi barchole sewveral
households go to the relatively pure pump supply only when they regard the
shallow wells as polluted.

Within all the study sites there is deep and widespread respect for quality of
water as observed in colour, turbidity, taste, and odour. Nowhere did we find
widespread casual or indifferent evaluations of water sources. Most users had
evaluative judgements, and most were interested in ways of improving their
supplies, If they sppeared to act contrary to the judgement of an expert, it was
for reasons convincing to them. The gap between the two judgements does not
seem to rise from lack of motivation 1o gain healthful supplies; it comes from
differences in information and its assessment. (Based on White, Bradley, and
Wl:u'u; 1972, pp. 230-239. Copyright 1972 by The University of Chicago

Along the paths leading to water, everyday choices are made in 2 seemingly
ordered and serious way, weighing benefits and risks, but reaching conclusions at
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variance with the judgement of experts. Similarly, there is great variety in the entire
sequence of risk assessment practice.

2.4 RISK ASSESSMENT PRACTICE

The elements of risk assessment — hazard identification, risk estimation and
social evaluation — overlap as noted in both concept and practice. More important,
the overall process is not necessarily an ordered sequence of assessment involving
recognition of hazard, measurement of threat, comparative meaning of the
measurements. Rather, all possible combinations of elements exist in practice.

HAZARD RISK SOCIAL i
IDENTIFICATION ESTIMATION  EVALWATION COMMENTS
e S @ There is no risk
There Is hazard
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There is aeord and
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N
T— 'B E Thers ls hazard
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=compar® to risks and bensefits

X7 There {8 hazard and
7 [:] fractioned likelihood of risk

mpare to risks and benefits

®E 66 @

Figure 2.9 Sequences of risk assessment

A typology of such sequences is graphically shown in Figure 2.9, Examples of all
sequences can be found for different hazards, peoples and places. It is not easy to
ascribe rationality to some sequences but not to others. If we consider the limits of
knowledge, the preferences of culture, the constraints on resources and effort, then
it does not follow that there is a clearly better sequence. Rather there may be need
for matching classes of events and consequences with sequences of analysis.
Depending on the nature of hazard, knowledge and human feeling, one or another
sequence might be used or desired.



