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ABSTHACT

Rigk comparispns ran ald communication by providing reviewers of risk
analyses with a conceptual "ruler" fthak helps them to understand and
interpret risk analyais results. The pitfalls of using comparative risk
infarmation and suggestions for overcoming those pitfalls are pressnted.
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INTRODUCTION

The numerical outputs of risk analyses are often diffigult for
declsion makers to interpret. One promising approach for improving the
ability of decision makers and others to interpret the results of risk
ana.yses 1s to provide them with a means for placing estimated risks in
perspeckive. LF decision makers who review risk analyses have wnformation
on the level of risk associated with other mare famil'ar risks, they
possesa a conceptual Mruler” that ean help them to understand and
wnterpret risk analysis results. For this reason, comparative risk
information 18 an important component of a comprehensive methodology for
communicating the results of risk analysis.

The paper describes the rasults of a brief ressarch task to develop
and deseripe a pretimipary methodology far incorporating comparatlve risk
information into the presentatisn of risk analysis results. To provide
background and context, the paper bagins with a description of prewvicus
attempts to use comparabive risk information. The principal cribielsms
that have been diregcted at such applications are then summarized.

Finally, the elements of a methodology designed to mirimize these
limitatiens while retaining the potential benefits of risk comparlsons are
deseribed. The methodology 15 illustrated using an example application
imvolving ruclear reactor safety decislon making.

1Thls material is be=zed upon works supported by che Wational Science
Foundation under granmt nc. PRA 3413113 (prepared under subcontraet to
Deerzion Seience Copsortium, Inme.). The opinions findings and conclusions
expressed in this publication are those of the researchers and do not
necessarily refleet the views of the Natiomal Secience Fourdation.



PREVIOUS APFLICATIONS OF COMPARATIVE RISK INFORMATION

Many analysts have recognized the potential for using comparisons to
promote understanding of numerical risk estimates. The risk measure
receiving the most attention ko risk comparisens 1s the low-probability
avent. Most individuals, Loeluding most sclentiﬁts, have Little lphtuitive
feeling for probabilities that are less than 107, Studies have showm
that people have a limited capaC%ty to digtlngulsh small probabilities
{e.g., the different betwesn 107° and 0™} and To unrderstand the
significance of those differences (Sjoberg, 1979). Thus, it is not very
helpful simply to tell semegne Ehak it has been estimated that bhe
probability DE large numbersz of fatalities resulting from an accident ig
less than 107 per year.

To help convey low prababilities, analysts sometimes compare their
estimates with the probabilities of various reference events. These
reference events are typically natural risks or technological risks that
are relatively familiar ta most 1ndividuals or of 1interest because of the
attention given to them by the media, Two approaches are available. One
1% to estimate the extend to which one would have to be exposed to
familiar hazards bto produee a lewel of risk equal to the risk whose
clarification 1s desired. The second approach 15 to locate the estimated
risk along a scale of greater and lesser risks. Reference risks serve as
penchmarks in thils approacn.

Most compariscns based on =quating risks have focused on the
probability of death, ore of the risk measures that might be produced by a
risk analysis, Wilson (1979}, for example, used toxicologiecal and
exposure data to reduce a number of familiar activities te a level that
would increase an individual's annuel changes of death by ang chance in 3
million. He found, Per instanes, that actuarial statistics may be
interprated to suggest that smoking 1.4 clgarettes or traveling 300 miles
by car both appear to increase the annual probability of dying by about
once chance 1n a million, Some of Wilson's other comparisons are
summarized in Table °. Similarly Crouch and Wilson (1982) estimated the
length of time reguired to aceurmulabte an average risk of dying of one in a
million from several natural causes and life-style activities. Some
examples of their results are pravided in Tabla 2.

The approach basez cn comparing an estimated risk with greater and
lesser risks requires a set of rlsk benchmarks. Several authors have
provided much benchmarka, Orpuoh and Wilson (1982), for esample,
estimated the average prabaaiiiby of death per year from several comman
causes, occupatloms, and sporzs. Ezamples of thelr results are presented
1n Table 3. Sowby [1965] provided extensive data on the risks per hour of
exposure for varlous aceivities and situations, Wilson (1984) recently
presented a scale of risks ranging from the clearly unacceptable to the
unnoticeable, Figure 1 shows Wilson's scale. Lawless et al. (1984)
provided a more refined version of such a seale, reproduced in Figure 2.

Some risk comparisons have used expected reduction In lifle expectancy
rather than probability of death as the unit of measure. An advantage of
the loss—of-life-expectancy measure 15 that it permits risk comparisons to
account for the average ages of efposed individuals and permits a more
meaningful comparizson with risks for which the time lag between exposure
and poasible death mey be leng {such as exposures to carcinegens). Coben
and Lee (1979}, for exawple, ordered many different hazards in terms of
their expected reduction in 1ife expectancy. Table U summarizes some of
their estimates, which represent average values for U.S. inhabitants.
Reisgaland and Harries {19791 conducted a comparison of the days of life



Table 1t

Risks which Increase the Probability of Death by One Chance in a Million
Source: fAdapted From Wilson {1979)

Activity Cause of Death
Smoking 1.4 cigarettes Camcer, heart disease
Drinking 1/2 1iter of wine Cirrhosis of the liver
Traveling 10 miles &y bicycle Accident
Traveling 300 miles hy car Accident
FlySng 1000 miles by jet Actident
Flying 6000 miles 4y jet Cancer caused by cosmic

radiation
Living 2 months in average Cancer caused by natural
stone or brick building radioactivity
One chest x-vay taken in Cancer caused by radiation
2 good hospital
Living 2 months with a Cancer, heart disease
cigarette smoker
Eating 40 tablespaons of Liver cancer caused by
peanut butter aflatoxin B
Eating 100 charcoal-broiled Cancer from benzopyrene
steaks
Drinking 30 12 oz. cans of Cancer caused by
diet soda saccharin

Living 5 years at site
boundary of a typical nuclear
power plant in the open

Living 20 years near Cancer chused by vinyl
PVC plant chloride (1976 standard)
Living 150 years within 20 Cancer caused by radiation

miles of a nuclear pawer plant

Risk of accident by Tiving Cancer caused by radiation
within 5 miles of a
nuclear reactor for 50 years

expectancy lost by werkers in the nuelear industry with estimates derived
for several other induskries. Table 5 summarizes their results.

Although risk ecmparlisons are logically distinet from judgments
coneerning the acceptabillty of & risk, most of the above-mentioned risk
comparisons have begn coupled with an argument that certaln risks were
achieving too much or too little attention. Wilson {1979) commented on
his comparison of one-in-a-millicn risks by stating, "...these comparisons
help me evaluate risks and I imagine that they may help others te do so,
as wall. But the most imporcant use of these comparisons must be to help
the declzlong we make, as a natipon, to improve our health and reduce our
accident rate.” Similarly, Cohen and Lee (1979) referred to their results
(Table 4} by saying, "...to some approximation, the ordering (in this
table) should be society's order to priorities, However, we see several
very major problems that have received very little attention, whereas some



Table 2

Time ko Accurulate a One-in-a-Millien Risk
Source: Adapted Crom Crouch and Wilsen (1982)

Living In the United States:

Mator wehicle accidents 1.5 days
Falls 6 days
Dremning 10 days
Fires 13 days
EFirearms 36 days
Electrocutian 2 months
Tornadoes 20 months
Floads 20 months
Lightning 2 years
Animal bite gr sting 4 years

Qecupational Hazards:

General
Mining and Quarrying 9 hours
Canstruction 14 hours
fgricat ture 15 hours
Transport and Public Utilities 1 day
Service and Government 3.5 days
Ranufacturing 4.5 days
Trade T days

Specific
Fire Fightin 11 hours
Loal Miming ?acc1dents) 14 hours
Police Duty 1.5 days
Aa1lrpad Employment 1.5 days

of the items nsar the bottom of the list, especially those involving
radiation, receive a great deal of attention." Likewise, Sowby (1965}
argued that to decide whether or not we are regulating radiation hazards
properly, we meed ta pay more attention to "some of the other risks of
11fe," and Lore Fethserild {1979} has added, "There 1s no polnt in getting
1nto a panie ahout the prisks of life until you have compared the risks
which worry you with thaose chat dan't but perhaps should."

Starr (10601 formalized comparative analysis as a logic for
determining risk acceptanility in his revealed preference approach to
defining "laws of aceeptable risk." Starr's approach is based on the
assumption that, by =rial snd grror, society has arrived at a nearly
optimal balance between the risks and beneflits aszoctated with any
activity. If this is the case, then historileal aata can be used to reveal
acceptable lewvels af risk. Starr's analysis of historical data indicated
that {1} the publlc accepts greater risks for beneficial activities; and
(2) much greater riska are acgepied from risks associated with veluntary
activities {e.g., skiing) than from involuntary activities (e.g., air
pollution) that provide similar levels of benefit. Thus, Starr concluded,



Tatle 3

Average Anrual Probapility of Death From Common Causes,

Occapakbicns,
Source: fAdapted from Cr

Lomton Causes:

and Sperts
cuch and Wilson (1982}

Risk pure
Mitlion Personsd
Motor vehicle zecidents, botal 240.0
Home accidents 110.0
falls 62.0
Motar vehicle colll4%ong wikh padestrian ar o
TOrowning 36,0
Fires 8.0
Inhalation and ingestipn of objects 15.0
Firearms 10.0
Electrocution 5.3
Tornadoes 0.6
Floods 0.6
Lightning 0.5
Trepical cyclones and Wirricenes 0.3
Bites and stings by wenomous anieals a7
and 1nsectd
Occupztions or Industries,
Risk per
Hillion Morkersb .
Mining and Quarrying 950.0
Fira fighting 800.0
Comstruction f10 0
Agricul tureC 600.0
Stone quarries and mils 590.0
Transport and Public LEalsties 370.0
Farmingd 360.0
Steel worker accident anly] 280.0
Railroad employeed 240,90
Police officers, toty1, 1n linc of dutly 270 0
Pallge offtcers kill=d by Felnns 130 0
Seryica and goverrhent nn N
Trawtor fatallties per rgcior &80
Manufacturing 82.0
Trage 53 0
Sports:
Risk per
Hi113or Paettedpants®
Prafessional stunting 10,000
Arr show/air recirg and scrabatics 5,000
Flying amateur ‘~gna-buiit 2ircwaft 3,000
Sport parachuting 2.000
Thoroughbred Parseracing 1,000
Lighter-tham-arr Fiying 300
Pomer bBoat racisg /00D
Bobsledding o0
Mountaineering 600
Scubz diving 400
Glider flyiny 400
Football, professiongl and semiprofessional 400
Tce yachting 100
Spelunking 100
Bicycle racing | registeresl 50
Hang qliding 20
Boating 5Q
Football, colleqe il
Hunting I
Swimning 30
Ski racing 20
Foptball, high schonl 10
Football, santloc 2
dA risk of 1 0 per vl1llon perimng waans u risk of one 1a a million for 1.0 x 10-§) for

each indiyidual 1n t=a ccpslation,

bA risk of 1 0 par m1lion persons wmeans a ~i
each 1ndividual 1n t%e expased populatian,
less than one mt111an werkers.

Clncludes transpers accidents amd all aaricul

sk of one 1n a m1ljon {or 1.0 x 106} for
Note that some of these occupations may have

ture.

dpefers to nontransport Seaths actuvring on farms,

“0aty provided wn th®s fora Tor easy comparison with fke ahave estomates.

Mosl of thegn

sports mave far lpss thain 1 mil1lan p3vrtic'pants.



Risk of death Artltude Activity

Acceprable

Being srruck by lightning

I in 1,000,000 e
Some
ATIR T
1 in 180,000

—— All industrial work
1in 10,000 —————1

h———— Traffic accidents

All accidents

1 in 1,000

Unacceptabde

1in 100

Figure 1 Repions of hoceptable/Unacceptable Risk Expressed in Termz of
the Probability of Death for an Individual per Year of Exposure
Source: Wilson {1984)

acceptable risk im determinmed oy two Factors, benefit and voluntariness,
The well-known graphfcal cisplay to Starr's indings is reproduced in
Figure 3.

Noting that risk comparisens have often been conducted by analysts
motivated by a desire to ereate kigher public acceptance for low-
probabllity risks, Xeengy and vor Winterfeldt {1584) concluded thatl risk
comparisons have gererally heen unsuccessful, in part "because the
communicator's motives were mistrusted,” Mistrust, undoubtedly, is
largely responsible far the significant controversy surrounding the major
studies that have attempted bo ccmpare alternative energy technologies,
especially the Nuciear Regulatory Commission's Reactor Safety Study (NRC,
1975) and Inhaber's comparisons af energy product risks {Inhaber, 1975).
The Reactor 3afety Study nompared the conzequencea and freguency of
peactor accldents bo natural disasters, such as earthquakes, dam fallures,
ete, Figure U provides an example of the comparisens. Inhaber's study
was a comparative assessment of the risks of using ten different energy
sources. The study considered both oceupational and public health
risks., A total risk wa3 caloulated for each technology and compared on
the basis of calenlmted nmumber of man days that would be lost par megawatt
year of eleectricity produced. Figare 5 provides an example of Inhaber's
results, Inhaber's reports znd subsequent articles and beecks have sparked
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Flgure 2. Comparatiwe Scales of Individual Risks of Death from Various
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intense interest, comment, and analysis, particularly his conelusion that
nuclear power carries only slightly greater risk than natural gas and less
than all other tegnnologles considered. Criticisms applicable to the
above stugies' uge of rlsk romparisons as well as the more generally
directed criticisms of Ethe use of comparative information 1n the
communication of analytig results are presented in the following section.



Table 4

Loss of Life Expectancy Due to Various Causes
Source: Cohen and Lee (1979)

Cause Davs
Being unmarried--zale 3500
Cigarecte swoking—=als 2250
Heart disease 2100
Being unnarried--female 1600
Being 30% overweight 1300
S5eing & ccal miner 1100
Cancer 989
20% Overveight 900
<§th Grade eduzation 850
Cigarezte szoking——~female 8O0
Lov sociceconomic status 700
Stroke 320
Living in unfavorible scate 500
Aray in Viernam 400
Cigar smoking 330
Dingerous job-—accidents 300
Pipe smoking 220
Increasing food intake 100 czl/day 210
Motor vehicle accidents 207
Preuoonia--influenza 141
Alcohel (U.S. average) 130
Accidenzs in home a5
Suicide L3
Diabetes as
Berng murdered (homicide) 90
Legal drug misuse 90
Average job-~-accidents L
Drovning &)
Job with radiation exposure Lo
Falls 39
Accidents ro pedescrisns 37
S5afest jobs--accidents 30
Fize=~=burns 27
Generation of energy %
Illiedir drugs (U.5. average) 18
Porson {solid, liquad) 17
Suffocation 13
Firear=s accidears 11
Yatural radiation (BEIR) 8
Yedical X rays 6
Poisonous gases ¥
Cofiee [
QOral ccatracepiives 5
Atcidents o pedalcycles s
All catastrophes combined 1.5
Diet drinks 2
Reactor accidents (UCS) 2*
Reacror accidents--Rasmussen 0.02+
Radiacion from nuclear industsy 0.02*
PAP tast -4
Sooke alarz in hooe =10
Air bags in car =50
Mobile coronary care units -125
Safety improveoents 1966-76 -110

*These items assuma thar all U.S. pover is nuclear. UCS is Union of
Concerned Scisntists, che most protinant group of nuclear eritics.



Table 5

Days of Life Expectancy Lost as a Resuit of Hazards in the Nuclear
Industry Compared with Hazards in Other Industries
Source: Reissland and Harries (1979}

Age {at Beginning of Exposure)

20 30 40 50 60

One year at risk im:
Deep sea fishing 51.4 41.6 31.9% 22.8 14.9
Coal mining 5.7 4.6 3.6 2.5 1.7
Ceal & petroleun products 4.1 3.3 2.6 1.8 1.2
Railway employment 3.5 2.9 2.2 1.6 1.0
Construction 3.5 2.8 2.1 1.5 1.0
A1l manufacturing 0.7 ¢.6 0.5 0.3 0.2
Paper, printing & publishing 0.5 0.4 0.3 0.2 0.1
Radiation work at 50 mSv/year 4.6 2.7 1.3 Q.5 0.1
Radiation work at 5 mSv/yeart 0.4 0.3 0.1 0.1 0

Zxpogsed for remainder of working

liZe to risk in:
Deep sea fishing 1393.0 923.0 551.0 273.0 80.2
Coal mining 155.0 102.0 61.3 30.4 8.9
Coal & petroleum products 111.0 73.8 440 21.8 6.4
Railway employment 95.5 63.3 378 18.7 5.5
Construction 93.5 62.0 37.0 18.3 5.4
All manufacturing 20.5 13.5 8.1 4.0 1.2
Paper, printing & publishing 12.0 7.9 4.7 2.4 a.7
Radiation work at 50 wmSv/year 68,0 32.0 12.2 34 0.6
Radiation work at 5 mSv/year 6.8 3.2 1.2 0.3 0.1

CRITICISMS AND ALLEGED LIMETATIONS OF RISK COMPARISONS

Most criticisms of the use of comparative risk information attack the
implication {either explicit or implicit in the comparisons) that risks
that are small or comparable to risks that are already being aeccepted
should themselves be aeccepted. Although intuitively appealing, this
argument often breaks down because the risk comparison compares only one
or two of the many dimensions of risk that are relevant to decision
making. There is ample research demenstrating that people's reactions to
risk depend on a wide range of factors, including not only veluntariness
and benefits, as recognized by Starr, but also catastrophic potential,
equity 1n the distribution of risks and benefits, whether the adverse
consequences are lmmediate or delayed, the ease of reducing the risks, and
se¢ forth.

Because the acceptabllity of a risk depends on more than velun-
tariness and benefits, when Fischhoff et al. {1979) repeated Starr's
analysis with a wider spectrum of risks, they found greater variability in
the levels of risks that society has accepted than was suggested by
Starr's analysis. As a result, they found that they could obtain results
differing from Starr's depending on the reference risks considered and the
measures of risks and benefits that were used. Figure 6, produced by
Fischhoff and his colleagues, shows a result differing from Stare's,
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oktained with another set of data and slightly different methods. . Wnils
Starr ooncluded that the acceptability of risk is roughly proporiianal to
the third power (cube) of benafits, with risks approxlmately 1000 times
greater belng accepted for wvaluntary acetivities, Figchhoff and his
colleagues arrived at the different relationzhip indicated in the figure
{slope = 0.3, eorrelatien = 0.55). Inspection of the data peints in
Figure 6 indicatos the effect of factars other than woluntariness and
benefits. Smcking is plotted very high in Figure 6, but ik ia mot only a
woluntary risk bet also A delayed one, hence presumably more aceeptable
than one which is associated with swift death, such as swimming or
hunting. MNuclear power is located below swimming not only because it is
an inveluntary risks, but also because it iz percelved to be
associated with catastrophic accidents, events which are far more
obJectionable to the public than simple personal accidents, such as
dreWning.,

Te avoid the problems assaciated with comparing unlike measures, the
analyst must take care in selecting and comparing risks. Slevic and
Fischhoff (1982), however, ppasent a numbar of other criticlsms that
‘eannct be so easily counterex. In eriticizing Starr's apalysia, these
authors note that the method "assumes that past bekavior ig valid
predictor of present preferences," whick may nob necas=arily be valld.
Thus, the method is "politically conservative in that 1t enshrines cureenc
ecpnomic and Social arrangements.” Furthermare, they say, the Implication

2W4hereas Starr estimated risk in terma of Fatality rate¢ per bour of
exposure, Flachhoff and his co-workers simply used amnual fatalities.
Llsa, while Starr measured benefit either by the average amournt of morey
spent on an achivity by a single participant or the average comtrigution
af the aecivity to the participant's annual income, the Fischhaff analysis
used total annual consur=r expenditure Ag a measure of benefit.
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that risks that people already accept should be used ag a guirdeline for
decisions about other risks

. makes strong (and not always supported) assumpzions about the
rationality af people's decision making in the marketplace and the
freedom of choice the marketiplace provides. 1t may wnderweight risks
to which the market respohda siuggishly such as those with a long lead
time {(e.g., carcinogena).

Bhother criticism of the use of comparative risk information relates
Lo the influsnce of the risk measures seiected and the format in which
results are presented. To illustrate this point, Whipple (1980} cites
Herngn Kahn's description of the response he received to his use of two
ways {or expressing the estimated risks of atmospharic testing of nuclear
Weapons. Kahn's (1979) estimate was that a thousand cases of bone cancer
or leukemia would result per thousand-mepaton bemb expladed, which he also
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expressed as once chabee in 3 million {assuming 2 world oopulation of 3
p1liieont. Half of Kaho's wail complained, "Why do you mention a
tnousantd? Are you trying to seare oecple? There's only once chance 1n 3
million.” The other half asked, ™Wny do you mention one france In 3
milllon. are you trying ©o corrupt the thousand?"”

Crouch apd Wilzon {1984} illiustrate how the selection of risk
peasured cah affest a risk comparison. Figures 7{a) and (b} show how tuo
different measures of the risk of accidenta. death for the U.3. coal
MousLCy varlea over the 20-year periad from 1930 to 1970. One figure
seems to suggest that Ehe industry got supsvantially rsarer” queing tis
period, while the opposite conclusions may be nferred from the other.
frouch and Wilsohl note: “Each measure rapresents 3 ciffgrent agpect of
vhe risk of aceidental death, and whether they support or deny any
conclusions as to the zafeby of the coal industry depends, ivter alla,
upcn a definition of 'safety' in this context 7

Because of the gensitivity of risk comparisens to the measures used,
1t 15 easy to misinterpret cesults. ln Figure 6, Tor example, police werk
ig mare than an order of maghitude below swimming, which might supgest o
e casual observer that the latter is more dangerocus. fActually, per nour
of exposure, police wark produces a probapilicy of fatality thac is aboat
an order of magnitude nigher than swimming, as may be Inferred from Tables
2 gna 3. Swimming appears higher 1n Figure b oecause the y-atis for this
somparison i expreszed in umits of hotal fatalitiea rather than per unmib
of exposurc. In general, care must be erercised iiy reduclng risks to
commen urits,  Expressiog risks in terms of expectea ioss cf life
etpeotancy, For example, cas be confusing. A5 3lovic et al, {19801 note,

...although some pecple Feel enlightened upon learning that a single
takenff or landing it a commercial airliner Yakes zn average of 15
ninutes off one's life eipectares, others find themselves completely
bewildered by such informatian,. On landing, ene will eltner die
prematurely [almost certainly be more than 15 minutes) or will not. To
many pecple, averages seem 1hadequate to capture the essence of sach
risks.

fnother Timitation of comparative risk informasion 18 the sclenvific
uneertainty assoclated with the determination of reference risks. As with
any other risk assessment, the estimebicn of risks for refarence 2vents
requires the use of & model to cescribe the process which is being
asaass=d and Lo assoclabte a guantitative measure of »isk wath it. The
Lypical approach 1s to propose & plausible mogel and then te obtain the
parameters of that medel by fitting it to hisborical data. Craueh and
Wilson ¢1984) provide the example of the risk af death from automobile
acerdents. The first step in computing a4 raference risd fov agtomobiles
12 ko define a sultable risk measSure, for example, the U,S. average antua.
death rafe. Figure § shows the baslic data for the period 1950 to 1978,
The rodel selected by the analyst might be that chis measure of risk {3
roughly constant over btime, wWith random year-ta-yegar variatians,
MF1tting" this simple model ta the dara, the analyst would canclude that
the average fatality rate per year is approximately 24 per 100,000 with a
vear-bo-year variabllity {two standard ervor cenfidence band] of roughly
20%. By extrapolation, therefore, the analyst would estimate thsbt current
v1sks (i.e., risks at the cime that che comparison [§ oeing made] ate
roughly 24 per 100,000, plus or mious about 20%.

Crouch and Wilsen polet cut thak there are two sources of error in
this eatimate. The First iz statistieal error due ta the limited data
Sor parameber estimation. Standard methods of alassieal statistics are
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available for estimating ccnfidence hounds ard ather msagures of
statlstical uncertalnty due to limited data. The a=cong source of error is
the pessibility that an ingorrect model was chasen to calculate the risk
measure, To 1llusiraze thie pessibility, Figure 9 shows another risk
measure for summarizing automobile fatality data--deaths per 100 milliom
vehiole miles driven. an alternative model for estimatlng risk would oe
to multiply an estimated averags number of deaths per vehicle mile
travelea by an estimate of the number of venicle miles traveled. Thiz
woulo ebviously he a preferable mocel of some change (e.g.., gasoline
shortage} dramarically altered autorapile use since the time the fatality
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daza had peen colilected. Uncertainties due to the possible use of an
incorrect model can anly be guessed at by making assumptions, for example,
ay zssLming that a certain set of models encompagses all possibilikies and
exploring the sensitivity of egtimated rrsk levels to the model form
selected.

Thus, because af laek of sufficient data or the use of Inappropriate
madels, the reference risks computed [or comparisous may be 1n error.,
atudies of psychological factors in risk perception suggest that if two
alternatiyes present equal risks, costs, and benefits, but ane has
pors_derably more uncertailnty surrounding the estimated level of risk,
zken tast peopls would prefer the option with the more narrow vand of
uneertainty. Therefore, the uncertainty in estimated risk measures may be
A s1gnificant factor to retain 1n risk comparisons

In summary, there are geveral significant limitations to the use of
comparative risk ioformstion: risk comparisons do not provide a simple
rule for risk acesptabiliby, the measdares and format selected can easily
alber the Impressicn induced, carc must be taken in the conversion of
r_sks to commen units, and the relerence measures themselves are subject
ta tke same sorts of errors and inaceuracies as the risks that ars
compared to it. Despite these important limitatioms, aritles and analysts
alike have recognized that risk comparisons have important characteristics
thal mske them an attractive means for ziding communicatian. Slovie and
Fischhoff {1982), for example, stabe:

Comparative analysis has several attractive features. It avoids the
c1ffieult and controversial task of converting diverse risks imtoc a
commor, manetary unit (like dollars per life lost or per cage of
gkerilizatlon or per day of suffering). It presents issues 1n a mode
that is probably quite compatible with natural thought processes.
Among other things, this mode may aveld any cirect numerical reference
to very small probabilities. far whiech peocpls have little or no
intuitive feel.



If reazonable cars 15 taksn in the design and use of comparative risk
information, the method can be an laportant element of a communication
system. The followving section describes and 1llustrates some of the
prineipal elements of a methodology for using comparative risk information
as part of a comminicaticn package produced to summarize for a decision
maker the resulta of a riak amalysi=.

ELEMENTS OF A METAODOLOSY FOR USING COMPARATIVE RISK INFORMATION

The above consideratlon of the strengths and weaknesses of
comparative risk informatlon suggest that the technique has conslderable
potential, but that care should be taken to minimize the likelihood that
such comparisons will be misinterpreted by those to whom they are
presented. Furthermore, 1t is apparent that careful design of risk
comparisons can considerably enhance the value derived. Five guidelines
for effectively using comparative risk information suggest themselves.
These are: (1) strive, to the extent possible, for neutral or value-free
cotiparisons, (2) provide the decizion maker with multiple comparisons
using different rlsk measures atd reference scales, {3} tailor each
comparison to illuminate a particular aspect of the risk under
investigation, (4} elarify for the decision maker the intent of the
comparison and provide a cauticn against drawing unwarranted conclusions,
{5) develop reference events 1teratively, allowing for feedback [rom
decimion makers to ensure bhat che mpzt helpful comparisons are pravided,
and (6) explain any assumptlcns or uncertainties in the reference risk
estimates as necessary bto prevent misinterpretation.

Table 6 summarizes these guidelines and indicates the principal
objective of each. These and related considerations for the use of
comparative risk information are discussed in more detail below. The
reader should be cautioned thab the displays presanted are meant only to
illustrate various conziderations--the scope of thils research task did not
include recommending spbeecifie reference scales or risk measures for use 1n
risk comparisons. <Conseguently, the comparisons presented are 1lncomplete
and no attempt has been made to optimize them for the exampie
conaidered, Further research 12 needed to design and develop the
eomparative informakleon that would be most appropriate for any given
decision setting.

The example providing the context for the discussion is that
addressed by Brown ang Ulvila {1985a, 1985b). Brown and Ulvila {1985b}
congider an analysis of the costa, risks, and benelits of a decision to
install a vented contalnment system ip a nuclear reactor. The purpose of
backfitting the reactor with this system would be to reduce the
probability of containment failure im the event of a core melt.3 The
intended audience for this risk/cast/benefit analysis would be senior
decislon makers at the Nuclear Regulatory Commission, such as
Commissicners, who are assumes te be in the process of deciding whether to
require sueh a baekfit. These decision makers have limited time to study

3Fitt1ng the reactor With a vented contalnment system involves 1nstailing
a high-volume, unfiltered vent frem the reactor's suppressien pocl through
the turbine buildimg te the atmesphere. The vent 1= activated at
pressures exceeding design LImits, snd the system would be eguipped with a
manual shutoff capability ko proteskt against the release of fission
products when the suppression peoi 15 saturated and the core degraded.



Table &

Guidelines for Comparative Risk

Guidelina

strive for neutral or value-fres
comparisons, make any walue-laden
assumptions explicit

Use multiple comparisens basad on
myltiple risk measures
Yatlor each comparison to illuminate

a particular aspect of the risk

Clarify the intent of the comparisan
and provide appropriate cautions

Develop reference events {teratively
with decision maker input

Explain a1l assumptions and
uncertainties

Principal Objectiye

Ayord influencing or Subverting decision
maker's responsibrlity to make value
Sudgments

Counter tendency of comparisons to
#Acourage an overly simplified view
of the problem

Increase the effectiveness of risk
comparisons

Aeduce the 1ikelihood of misinterpretation

Increase the meaningfulness of risk
comparisons

Ensure that risk numbers attain a degree

of {nflyence commensurate with that
which they deserve

the extensive and highly detalled aoccumentation that 1s typleally produced

n a cost/rigk/benefit analysia,

Furthermore, they are unlikely to have

the technical and quantitative skills necessary to interpret rapidly and
comprehend ageurately the many numbers that sueh an analysis would

produce,

Thus, metheds are needed to 1mprove the communication of risk

analysis information ta these and simillar regulatory decision makers.
Providing comparative risk infarmation may assist in this respect.

4 key question Fot the use of comparative risk information within a
system for communicating results to decision makers is che appropriate

degree of swmplificaticn.

s noted 1n previous sectiens, risk has

multidimensional characteristics--1t cannot be completely described by any

single number.

proposed usipg Mtltiple risk measures,

To distinguisk varlous aspecta of rizk, analysta have

including: (1) total expected

fatalitiea, injuries, ste., per year: (2) probabllities of fatality,
injury, etc., For typleal ar repreaentative wndividuals; {3) probabilities
of harm for individuals grouped by occupation, geographic location, ete.
{to aid equity comsiderabions); (¥} probabilities of catastrophic losses;
(5) distribution of risks over bime; and (6) gualitative factors, such as

voluntariness, conbrollabilicy, Familiarity, anxiety, ete.

Some degree of

aggregatlon atrods bhese characteriatios 1z essentlal--detailed cstimates
for each risk measure wWith appropriate reference aids and caveats would

overwhelm the typical decisicn mager.

Furthermore, strict attentlon to

the distinetions among risks would severely limit the ability of the
analyst to select reference risks Zor comparisons that are familiar and

intuitively meaningful .

Om the atner hand, limiting or substantially

simplifying analytic detail oreates bhe danger that eritical information
w1ll be lest and that tke decision macer's understanding will suffer.



The use of successive risk comparisons to 1lluminate different
aspecksz of the risk under investigation provides a useful approach to the
problem of acaieving an appropriate degree of simplification. With this
approach, multiple risk comparisons would be proviaed, with each
comparison involving an aggregatlon over somé characteristies but not
others. To help zwoid misinteraretatlon and unwarranted conclusions, the
purpose of each comparison sould be explained to the decizion maker. An
advantage of providing mulviple risk comparisens is that the inevitable
weaknesses of any single seale might be overcome by relying on different
scales to accomplish different things. Furthermore, the potential blages
Ehat might be introduced by a given risk comparizon car be minimized by
providing the decision maker with the wariety of perspeczives that
mulbiple eceparisons would achileve.

The fLest applieatlon of comparative informacion as part of a
cammunicasion package might be to help the decision maker interpret the
small probabiiities produced by thes amalysig. For this purpose, 1t mighe
be best to select reference risks whose low probabilities of ocecurrence
can be most easily appreciated by the decision maker, without regard to
whether the risks are similar alang other dimensions For example, one of
the important rlsk measures praduced by the example analysis iz the
estimate that backfitting the reactor with a wented containment system
reduces the probability of prompt fatality dug bto zevere accidents faq
individuals living within one mile of the plant Proo a salue of 32107
a value of 11077, Because the significance of such =mall numbers is
extremely diffieult to appreciate 1n the apstract, comparing these nuocers
against a reference scale, such as that shown in Figure 16, might be
useful.

to

Figure 10 places the Indivicual risks of death estimated as part of
the analysls inte perspective oy comparing them with the average risks of
dying from other causes. The Clgure indicates that the best estimate 1s
that backfitting reduces bhe risk of prompt death for a typical crposed
individual from a level comparable teé that faced by an average U.5.
citizen from lightning to a level comparatis to thac faced from botulism
poisoning. Actual applieations, of course, would use reference Scales
thal have been tailored to lLhe problem under stud¥. FOr vxample, tne
referance scales would be composed of risks selectea to pe most familiar
te the decir=ian maker and the estimates would take into accounb any
specia. circum=kances relevant to the particular population under ztudy.
Even when the reference risks are carefully selected, howewer, they will
differ among themselwes and with the risk peing evaluated aiong many
dimensions other than the probabllity of individual fakality. For this
reason, 1t may be wise to include a caution, such as that indiecated In the
figure, to warn rhe declsian maker about drawing unwarranted
eenclusions. Information about the umcertalnty in the risk estimatesa
ghould alsc be provided.

One of the mogt significant characteristics of the risk associated
with nuclear power in the minds of many people 1s the catastrophie
potentiar--anlike many of the other risks displayed ir Figure "0, which
affect ong or a small number of 1ndividualz at a time, a severc accident
at a ruclear pouer plant can concelvably create a large number of
Fatalicies, injuriea, and property lesses which are concentrated in time
and space, To help clar:fy the significance of this aspect of risk, 1t
may be helpful to provide the fdegizion maker With a comparigon along the
lines of that usmed in the Reactor Safety Study, where the conseguences and
frequency of savare reactor accidents were compared to those from
sarthquakes, dam failures, etc., that might alsc produce multiple
Patalities. Figure 11 illustrates one form oy which such comparisons
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might be made. C?mparative wnformation might alsc be presented 1h the
form of risk profiles {complementary cumulative distributions)., Although
r1sk profiles (such as Figure 43 have been criticized as less
_noeratandable by a nontechinical audience (Brown and Ulvila, 198%a), they
rovide mare information about the nature of the risk and migmt be
jusbified if the deeision under considerat on albters the shape of
the risk curve, or, 1f through an 1nit1al effart o become familiar with
such curves, the decision maker 15 comfortable with their use.

In sitwations where the estimated risk is complicated hy latency
{time delay in the realization of effects), wovoluntariness, aread, and
ather complicating characteristics, develaping an intuikive understanding
of the significance of the rigk can be extremely difficult. In the
packfitting analysia, for example, it 1s difficuit to interpret the
significance of the estimate that a vented containment system wolld reduce
the riax of latent fatality due to core melt aeccidents for 1nd191duals
living within 50 miles of the plant fram approximarely 07 s 0! per
yedr. Interpretation is difficult not only because the numbers are so
amall, but hecause the oature of a latent cancer risk 15 difficult to
soncepturlize. Understanding might be aidea by decomposing this risk
reducbion and comparing iks component parta to other raisks. Part of the
decrease 1n latent fatality risk attributed to vented cantainment :s due
to a reduction 1n the likelihood of core melt. Aceording to the
packfitting analysis, venged rontainment reduces the probability of core
melt from 321077 to SxiD”Y per year. These probabilities might be
clarifled for the decision maker using an appropriate gscale for .04
probabLllities similar te that in Figure j0. The other part of the
decreaze in latent fatality risk is due ta the fact thab vented
containment reduces the severity of core melt accicents ifhy making the
more serioug accident sequences less likely).

To nelp elarify the sigmficange of this effect, a compar.son along
the l1ines suggested by Marshall (1982) might be useful. Marshall suggests
that latent fatality risks from nuclear pawer plact accidents c¢an be
clarilied by comparing them to the risks produced [ram a program of
campulaory smoking. The concept of a compulsory smoking program is
auggested for comparison with latembt Fatality risks from nuclear power
plant ascildents besause both risks involve an utcertaln possibility of
death from cancer. According te Marshall, the risk from z radfation dose
given ta an indiv.dual at any age may ae zimu,ated by suppos.ng that the
individual 1s obliged to amoke cigarettes regularly, starting 10 years
arter The ingldent and enaing L0 years after the incident. uslng
Parshali’s egElmates the reduction in latent fatality risk from a caore
=melt accident produced in the backfitting analysis may be expréssed in
terms of a complusory smoking program as follows: Withouk the vented
contaliment system the probability of a core melt 15 3x19°2 apd, if a2 cere
melt should oceur, the rizk aof latent death far individuals within 50
miles of the plant Ls estimated to be comparable to that which would
~esult 1f those Lndividuals were obliged to smoks approximately b3
clgarettes (2 packs) per week, With the yanted engtalnment system, the
probability of core melt would be reduced Ea SE1Q™, IF a core melt
should occur, the rizk of latent death ig estimated to be comparable te
that from a compulsory smeklng program that required individuals within 50
miles of the plant to smoks approximately 1/4 cigarette per week, Figure
12 summarizes bhe risk reduction using this eomparisen. Althaugh the
comparisen may be criticized for attempting to craw parallels between two
very different situations, some decision makers may find that such
comparaisons provide a lavel of insight suffieient ta justify their use.
figain, such comparisons should be accompanied by information coneerning
the uncertalptles in the risk estimates.
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Figure 15, Risk Comparison for Clarifying Cost-Effectiveness Tstimated for
Backfitting with the Yented Containment System



In addition to using risk comparisons to allow the declsion maker to
develop a personal perspective on the sigrnificange of the numerical risk
estimates, risk comparisons can alse be constructed to provide an
institutianal perspective. Brown and Ulvila (198%a, 1985b} suggest
several application= thai compare risk estimates with various benchmarks
thal are important to tne NRC. Flgure 13, lor example, compares estimated
annual probabilities of core melt With ann wWithout vented contalnment to
propesed design safety objectives. The figures uses range bars Ea
ingieate the ancertainty ip the estimates and is similar to several plots
used by brown and Vivila. Frgure 14 coppares the estimated core melt
probability and range of uncertainty with aimilar {hypcihetical) estimates
for other nuclear reacters. It I8 also similar ta a figure presented by
Brown and Clyila. As 1llustrated by these latter applications ar
compatative rigk infarmation, whenever thne uneertainty in estimates is
signifieant for the risk camparison, 1t should be conveyed to the decision
maker. Figure 15 Illustrates one final Ferm of coemmarison that may help
the decision maker achieve an institubional perzpective. The figure
compsres the estimated life-zaving cost-effectiveness of the vented
containment system with cast-effoctiveness estimates for other regulatory
decislons that have and have nat besn taken.

SUMMAEY

There 1a pbviously a great deal of flexibility for develaping and
using vomparative risk infaormation. In the sbmence of empirical tests for
the effeativensss of alternative methods, the best strategy for using
pomparitive risk appears to be to proceed with caution. Recognizing bhe
danger that poorly structured risk comparlsens can easily mislead, the
analyst should take care to explain the llmits of any comparlsons and
emphasize that no particular conclusion nesds to be drawn. Perhaps the
mo3t Importank rule governing inftial designs 13 to allow for feedback
From cecision mokers. The reference risks, means, and fermats far
comparizons should be selepctea accarcing to the desirez and preferences of
those wno will use them. If 1nitial use 13 momitored, the effectiveness
of various methods of risk comparisons will become more apparent and
1nitial sysgemg will, undoubtedly, be improved upon.
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