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Abstr act

Air quality nmonitoring in the Fraser Valley east of
Vancouver has denonstrated that the Canadian air quality
objectives for ozone are regularly exceeded during the
agricultural crop growi ng season. Agricultural resources
represent one class of potentially sensitive receptors in this
region. It appears that observed ozone |levels may be resulting
in "invisible" yield reductions of sonme or several crops,
al t hough evidence of this is largely circunstantial at this tine.
This is because our know edge of dose-response relationships for
local cultivars and growing conditions is at present very
limted; only potato and pea dose-response relationships are
presently being studied.

Thi s paper describes the nmajor sources of uncertainty
involved in predicting the effect of ozone pollution on
agricultural productivity. It also proposes a risk assessnent
nmet hodol ogy for describing the uncertainty associated with the
use of secondary dose-response information; that is, dose-
response information for cultivars and growi ng conditions not

common to the Fraser Valley.
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1. | NTRODUCTI ON AND OBJECTI VES

Al though much of the public concern about ozone is presently
focussed upon its depletion in the stratosphere, its elevated
| evel s near the earth's surface in the vicinity of urban centers
represent one of our most inportant air pollution problens today.
As a result of society's increasing use of fossil fuels, and the
wi despread use of the internal combustion engine, the concentration
of ozone's precursors, the oxides of nitrogen and reactive
hydr ocar bons, have increased so that photochem cal reactions
| eading to ozone formation are common in the |ower atnosphere
during the warmer nonths. Although ozone is a highly reactive
gas, it may be transported over considerable di stances depending
upon neteorol ogical conditions. Hence it often nobves away from
its urban origins into rural areas.

Past research has shown that ozone results in visible
synptonms of injury to sensitive vegetation when the anbient ozone
| evel exceeds a threshold of about 40 ppb, maintained for at
| east one hour. Research has also clearly shown that inportant
chronic exposure effects may occur, which may or may not involve
visible synptons, but which lead to inpairnment of plant growh
and hence productivity. It is this latter awareness that has |ed
to nuch of the present effects research that is being conducted,
for exanple, the large National Crop Loss Assessment Network
(NCLAN) programof the U S. Environnental Protection Agency (Heck
et al., 1984a).



Air quality nonitoring in the Fraser Valley east of
Vancouver has denonstrated that the Canadian air quality
obj ectives for oxidants (ozone) have been regularly exceeded
during the summer nonths, and that research is needed to
determne the potential magnitude of the problem (WIlson et al.
1984). Based on effects docunented under simlar oxidant
conditions in other regions, agricultural resources have been
identified as one of the potentially sensitive receptor groups in the
Fraser Valley. An assessnent of the inpact of oxidants on

agricultural resources in the Fraser Valley requires two types of

i nf ormati on:

(a) Continuously nonitored air quality data collected during the

growi ng season wthin inportant agricultural areas; and
(b) Dose-response information for locally inportant crops.

Figure 1 shows the location of air quality nonitors in the
Fraser Vall ey. It can be seen that the majority of the nonitors
are located in the urban Geater Vancouver Regional District.
Monitors in inportant agricultural areas east of the GVRD include
Pitt Meadows (T16), Surrey (TM), Abbotsford (T11) and Chilliwack
(T12). Qperation of these four nonitors east of Vancouver has
shown that ozone air quality in rural agricultural areas
frequently exceeds the National Air Quality Objectives for
oxi dants (ozone), but that the nunber of exceedances per grow ng

season has been decreasing over the period of record.
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This may be observed formthe data in Table 1, which is the
"growi ng season ?-hour (9 amto 4 pm daily mean ozone
concentration"” at various locations for the period of record.

The seasonal 7-hour nean was one summary statistic originally
proposed by NCLAN (Heck et al, 1984a) for use in agricultura
crop dose-response experinents.

The other primary source of data needed for inpact
assessnent i s dose-response information for locally inportant
crops. The effects of ozone at the individual plant |evel are
docunented for several agricultural species that are inportant in
the southern and eastern U S., but there is at present no direct
experinental data for ozone effects on inportant agricultura
species in British Col unbia. Thus, our understanding of |oca
dose-response relationships is at present very poor, although
experinents currently being conducted by researchers from the
Departnent of Plant Science at UBC will produce dose-response
data for locally inportant cultivars of potato and pea.
Unfortunately, there has not been a lot of support available for
such research, suggesting that additional dose-response
information will at best be slowy accunul at ed.

Under these circunstances, if inpact assessnent is desired,
it nust utilize secondary data. For exanple, considerable dose-
response information is available for California crops, and for
crops grown in other parts of the United States that have
problens with oxidants. The inportant question is whether and to
what extent such information is relevant to British Colunbia, as
pl ant response varies between cultivars, and because |oca

growing conditions greatly affect plant response to air pollution



TABLE 1

Seasonal Seven-Hour (9 am - 4 pn) zone Dose by Year and Site

(parts per billion)

T7 T13 T11 T12 T15
Year Anmore Annacis Abbotsford Chilliwack Surrey
1986 28.2 23.3 30. 4 25.1 25.1
1985 36. 3 NA 40.1 39.1 46. 2
1984 28. 4 23.9 39.0 37.6 34.5
1983 32. 4 25.8 25.9 NA NA
1982 59.9 38.2 34.3 NA NA
1981 45.7 NA 24. 4 26. 7 NA
1980 53.1 NA 37.1 32.3 NA
1979 52.6 NA 43. 3 38.9 NA
1978 52.2 NA 37.3 NA NA
Average 43.2 27.8 34.6 33.3 35.3

Note: these figures are not true grow ng season neans because
when they were calculated 1986 data were only available until the
end of July. The above neans for all years are thus for the 3-
month period May, June, July. True seasonal neans would also

i ncl ude August and part of Septenber



Under these circunstances, a risk assessnment nethodol ogy
whi ch utilizes expert judgnments about the applicability of
"foreign" dose-response data is needed. In other words, the use
of objective data requires subjective judgnments about its
applicability. Subj ective probability distributions elicited
from experts on dose-response contain information about two types
of uncertainty (i) scientific and neasurenent uncertainty related
to the original objective data, and (ii) uncertainty related to
use of objective probability distributions for different
conditions than those associated with the objective probability
di stribution.

This report is divided into two major sections as follows.
Section 2 describes sources of uncertainty in our scientific
under standi ng of ozone effects on agricultural crops, and offers
suggestions on how sone of these uncertainties may be reduced in
future research. The information in Section 2 was originally
presented in a paper delivered at the 1986 annual neeting of the
Air Pollution Control Association, in Mnneapolis (Runeckles and
Brown, 1986).

Section 3 presents a risk assessnment nethodol ogy which
i nvol ves the use of expert judgnents about probabilistic dose-

response relationships for locally inportant agricultural crops.



2. SOURCES OF UNCERTAINTY I N RI SK ASSESSMENT

Al t hough risk assessnent provides a neans for dealing with
uncertainty, the preferred nethod for inproving decisions is by
reduci ng uncertainty. In this respect there is no substitute for
scientific research, which is the only nmeans by which we can
i nprove our know edge base of the system under study. In
ozone/agricultural crop research, our know edge base has been
greatly enlarged in recent years by major research efforts, and
scientific uncertainty has been reduced.

Al t hough our know edge of the effects of ozone on agro-
ecosystens is relatively good, significant sources of uncertainty
remain. Some of these cannot easily be dealt with, as they are
inherently unpredictable due to the stochastic nature of
ecosyst ens. On the other hand, the potential exists to reduce

uncertainty associated with several aspects of ozone effects on

agr o-ecosystens, as discussed bel ow.
2.1 Ceneral Sources of Uncertainty

Uncertainty refers to absence of know edge of the system
under study, and degree of uncertainty refers to that proportion
of the informati on about a system not known. Interest is focused
on those uncertainties which affect our ability to sinmulate the
outcone of a particular action. Col l ectively, these may be
referred to as "predictive" uncertainties, of which there are

many types, as described in Table 2.



TABLZ

Ceneral Cateqgories of Types of Uncertainty

Stochastic uncertainty: is related to prediction of events which

by their very nature are uncertain because of their random
behavi our, e.g., the values of neteorol ogical paraneters at specific
future times. In general, further research will not reduce this

type of uncertainty.

Scientific uncertainty: includes both descriptive and neasurenent

uncertainty. "Descriptive" uncertainty arises from |lack of
information, know edge or scientific agreenent on cause-effect

rel ationshi ps. “Measurenent” uncertainty arises both from random
error and neasurenent error. Statistical nethods can quantify

measur enment uncertainty due to random events.

External uncertainty: refers to lack of know edge of externa

factors or decisions which may affect the system but are outside
the realm or control of the particular decision group, e.g.
changes in social tastes and preferences, and changes in

t echnol ogy.

Anal ytical uncertainty: is due to the fact that predictive

nodel s are sinplified versions of the real world, and cannot
accurately represent all the nuances of the system under study.
Exanpl es include neteorological nodels and enpirical dose-

response nodel s.

Source: Turner (1985)



2.2 Uncertainty in Ozone Effects Research

2.2.1 Scientific Uncertainty

According to the definitions given in Section 2.1,
scientific uncertainty includes mneasurenent and descriptive

uncertainty, both of which may be reduced by research
(a) Measurenment Uncertainty

The nobst inportant sources of neasurenent uncertainty in
ozone/ ecosystem research are: (i) the inherent variability of

natural systens, and (ii) neasurenent error.

Variability of Natural Systens

Measurenent uncertainty is introduced due to the
stochasticity of natural systens, as described by Krupa and Teng
(1982):

Uncertainty is an accepted phenonenon when
nodel I i ng biol ogi cal systens. This uncertainty
arises from the stochastic nature of nany

bi ol ogi cal stinulus-response relationships and is a
reflection of the inherent stochasticity of both
the biological systemitself and the environnent
that drives that system.. (this) nakes it al nost

i mpossible to predict a response that is
determnistic, i.e., wthout variation

Since seasonal fluctuations and long-term climatic cycles
contribute to natural conditions, defining an adequate contro
requires many years of baseline data. The maj or chall enge today

is to distinguish the signal created by |ow |Ievel, anthropogenic

pollutant stress from the background "noise" inherent in the system



Measur enent Error

This source of uncertainty is inherent in all scientific
i nvestigations. In ozone/ ecosystem research, major sources of
measurenment error include incorrect or inaccurate neasurenent of
response, or the use of inaccurate equipnment (e.g. air pollution
nonitors). An exanple of the neasurenent of an inappropriate
response variable would be neasurenent of foliar injury, if
information on yield reduction was desired, because foliar injury
is not a reliable indicator of yield reduction (Jacobson, 1982).

An inportant conponent of mneasurenment uncertainty relates to
the choice of experinental nethod to be used to obtain dose-
response dat a. In much of the early work, little appreciation
was shown for, and little attention paid to, the natural dynam cs
of air novenent around vegetation in field situations. As a
result, although nuch of the experinentation enploying various
types of growth chanbers and nodified greenhouses provided
i nformation about the effects of ozone on plants, it provided
little of direct use in determning the dose-response to be
expected in the field. This el enent of neasurenent uncertainty,
related to choice of experinental nethod, persists in today's
resear ch.

The | arge NCLAN study and many others have adopted the open-
top chanber approach (Heagle et al, 1973; Mandl et al, 1973). In
this approach, plants growing in the field are treated wth
various regines of ozone additions to the anmbient air within the
confines of the chanmbers. (One serious flaw in their use is the

inability to elimnate the confounding between treatnment and

10



chanber: the former cannot be provided without the latter. In
particular, it is inpossible to evaluate (treatnent) x (chanber)
interactions, although considerable effort has been expended in
an attenpt to show that this flaw may not invalidate certain
concl usi ons respecting effects on final vyield.

The other approaches to acquiring dose-response data of
direct applicability to field assessnents dispense wth
encl osures conpl etely. One approach is the open-air rel ease
system typified by the Zonal Air Pollution System (ZAPS), first
extensively used in the Colstrip, Mntana studies of the effects
of sul phur dioxide on a grassland ecosystem (Lee et al., 1975).
The basis of the approach is the release of the gaseous poll utant
from a perforated pipe nmanifold supported above or within the
vegetation, in order to supplenent that present in anbient air.
This approach has seen very limted use in ozone/ecol ogy
research. Unfortunately, ZAPS also has certain inherent sources
of uncertainty, largely related to the adequacy of the
distribution and m xing of the rel eased gas. In turn, adequate
description of the air quality achieved requires a high intensity
of nonitoring, in order to obtain an adequate description of the
short-term fluctuations in concentration, and to provide
assurance that distributions of concentrations obtained over
plots to which pollutant is added to that present in the anbient
air resenble those occurring when the anbient air itself reaches

such concentrations (Krupa, 1984).

11



A second outdoor no-chanber approach exploits the variations
in overall air quality to be found within an airshed. Were the
general climatol ogical and neteorological conditions are
reasonably conparable over an area in which proximty to an area
source of ozone dictates the anbient ozone concentration, sites
for experinmental plots are selected along the downw nd poll utant
gradi ent. By standardizing the soil, fertility, and water
regimes, and by nonitoring the anbient air at each site, dose-
response curves for test species can be devel oped. Thi s approach
has been used to study the effects of ozone onalfalfa and other
crops in the South West Coast Basin in California (Gshima et al,
1976). Again, uncertainties directly ascribable to the
net hodol ogy still exist, particularly wth respect to the effects
of uncontrolled variables on response, for exanple differences in
| ocal soil and climatic conditions.

Uncertainty related to the appropriate description of dose
is deferred to Section 2.2.2, since its inportance bears directly

on analytical (nodelling) uncertainty.
(b) Descriptive Uncertainty

The main sources of scientific (descriptive) uncertainty are
| ack of understanding and |ack of information, each of which

i ncl udes several conponents.

Lack of Understandi ng

At the heart ofthe uncertainty of the effects of ozone on
plants is the lack of a clear understanding of the physiol ogica

mechani sns responsible for plant response, including detoxifi-

12



cation and repair (Tingey and Taylor, 1982). I ncreased know edge
of such nechanisnms woul d allow devel opnent of nodels with nuch
i mproved capabilities.

Anot her uncertainty source relates to the relationship
bet ween anbi ent dose and effective dose (Runeckles, 1974). Ar
gquality nonitoring data only provide us with the indirect
evi dence of the probability of a response, a phenonenon first
reported by Macdowall et al. (1964) in their studies of the
rel ati onship of tobacco leaf injury to anbient ozone. Attenpts
to relate conventional assessnents of dose based solely upon
concentrations and duration failed to yield a satisfactory
response curve. However, when the nmethod of expressing dose was
nodified to include a nmeasure of the crop's capability for
absorbing ozone from the anbient air (based upon transpiration
and other neasurenents), a significantly inproved dose-response
rel ationship was obtained. An alternative approach to
determining the integrated effects of anbient dose and vegetation
receptivity is found in the use of selected, sensitive species of
plants as biological nonitors, as practiced in the Netherlands
(Post hurmous, 1982) and el sewhere. Such biological nonitors act
as integrators of all local conditions, including air quality.
As such they provide better evidence of whether or not anbient
pol | utant exposures are resulting in plant injury or danage.

A third area of uncertainty is related to the value of the
nat ural background |evel of ozone that should be assumed for the

pur poses of predicting anthropogenic inpacts. The assunption by

NCLAN (Heck et al, 1984a) that the natural background |evel of

13



ozone is 25 ppb is somewhat arbitrary. Background |evels of

ozone W ll differ over tine and space and in sone cases wll be
substantially different from 25 ppb. In such cases, inpacts
cal cul ated assuming this background level will be erroneous

There are several additional needs for better genera
under standi ng of the many variables which influence plant
response to ozone. These include pollutant-environnment
interactions, variation anmong and wi thin species, interactive
effects of pollutant m xtures and sequential exposures,
acclimation and predisposition, stinmulatory effects under |ow
ozone doses, and differing gromh stage susceptibilities (Bennett
et al., 1974; Runeckles, 1986). Ongoing research is gradually

reducing the uncertainty related to nany of these relationships.

Lack of Information

This category of descriptive uncertainty refers to
information deficiencies resulting from practical limtations to
the anount of data that can be collected, e.g., site-specific air
guality data and dose-response nodels. In order to predict
i mpacts at such sites, expert judgenents are required to
extrapolate from indirect data bases, as described in
Section 2.2.

2.2.2 Analytical Uncertainty

Anal ytical uncertainty refers to uncertainty introduced by
the use of sinplified nodels which sinmulate real systens. Two
issues are relevant in this regard: (a) validity of the nodel in

terms of representing the system and (b) choice of the nodel's

functional form

14



(a) Vvalidity of the Mbdel

There are four mmjor sources of uncertainty related to
nodel validity:

e deci ding which independent variables to include,

e the need to obtain response data from plants exposed under
real -world conditions,

e the difficulty in determning the appropriate neasure of
ozone dose, and

e nunber of ozone treatnent |evels.

Each of these sources of analytical uncertainty is discussed

bel ow.
Vari ables in the Mbdel

A dose-response nodel which accurately represents reality

woul d be of the form

Pl ant Response = ozone dose + (all others factors affecting plant
response to ozone dose)

Such a predictive nodel, which captures the entire system
relationship, 1is in practice inpossible to achieve. A ngj or
consideration is the extent to which the effect of the severa
i mportant non-pollutant factors that nodify plant response to
ozone should be incorporated into the nodel. | ncor poration of
nost or all of these factors into the response nodel would be an
admi rabl e undertaking, but one which in reality is probably not
worth the cost and effort, considering the heterogeneity of

conditions over tinme and space. (In theory an infinite nunber of

such nodels would be required to define all possible functiona

15



rel ati onshi ps). Thus for practical purposes, the nunber of
expl anatory variables in any nodel is restricted to those which
are nost inportant in determning plant response. For exanple,
NCLAN is explicitly incorporating only ozone and effects of plant
wat er stress (which potentially reduces plant response to ozone)
at this tine, although incorporation of other factors such as
pollutant interactions is planned (Heck et al., 1984a)

Itis not always possible to define the nobst inportant
vari abl es. Qbvi ously, independent information may tell us that a
particular environnmental variable may have a |large effect on
grow h and performance and hence we tend to feel we nust include
such a variable in our nodel. Nunmer ous other variables may
i nfl uence response |less dramatically. In particular, individua
variables may fail to reach an acceptable |evel of statistica
significance in experinments in which their influence is tested,
and thus are excl uded. Unfortunately, the excluded variables may
collectively have a large effect on response, and hence reduce
the validity of a nodel by their om ssion.

A satisfactory nodel that incorporates the influence of
devel opnental stage on ozone sensitivity (e.g. the three
di mensi onal response surface envisaged by Krupa and Teng, 1982),
has not yet been devel oped. Several years' experinental data
woul d, of course, inplicitly incorporate this relationship.
Since NCLAN is maintaining records of ozone concentrations and
associ ated crop devel opnent stage, the functional relationship
bet ween co-occurrences of critical ozone concentrations and

devel opnent stage as it affects final yield may eventually be

defined (Heck et al., 1984a).

16



However, to develop a nore generally useful wunderstanding of
this relationship requires the application of the various nethods
of plant growth analysis, in order to reveal the effects of
short-term dose on the dynamcs of growh and differentiation

(Hunt, 1982; Runeckles, 1984).

Exposure Under Natural Conditions

Past studi es have denonstrated that plant response under
natural field conditions is significantly different from response
under |aboratory conditions, given the same pollutant dose (Heck
1982) . For this reason, nost experinmental studies today involve
exposure of test plants under field conditions. Ideally only
ozone exposure is controlled while all other variables that
affect plant response are uncontrolled but can be explained. As
di scussed in Section 2.2.1, this ideal has yet to be attained
but trials over tine and space (i.e., different |ocations and
seasons) permt us to gain sone understanding of the variation

i nposed by | ocal conditions.

Pol | uti on Exposure Statistic

A third difficulty in terns of nodel validation relates to
defining a biologically neaningful ozone exposure statistic.
Anbient air quality is conventionally defined in terns of average
concentrations, calculated from frequent "instantaneous" nonitor
readi ngs. The use of averages results in a loss of information
about the fluctuations of concentration and, nore inportantly,

t he peak concentrations which nmay occur. Nevert hel ess, the

attractive sinplicity of a single summary dose statistic is

17



undeni abl e, especially fromthe point of view of regulation and
control (Heck et al 1984b). Unfortunately, its use in dose-
response nodelling increases rather than decreases uncertainty
since the process involves two independent conponents, each of
which has its own uncertainties: (i) the choice of expression
used to define the anbient dose, and (ii) biological response.

The NCLAN study has investigated the relationships between
several sinple exposure statistics and is currently focussing on
7-h and 12-h daily means, while recognizing that nore than one
statistic nay be inevitable to provide an adequate description of
dose from a biological perspective (Heck et al., 1984b). A partial
solution to this problem nay be the use of the effective nean
concentration paraneter proposed by Larsen and Heck (1984),
whi ch, by using a power function of the ozone concentration
gives additional weight to peak concentrations. Use of this
paraneter predicts higher injury (yield reduction) at sites wth
nore pollutant variation, over sites experiencing the sane
arithmetic nean exposure, but with less variation

One nodel which minimizes the uncertainties of overall dose-
response is that of Nosal (1983), although it is achieved only
through the utilization of nore conplex exposure paraneters.
This is a mxed nultivariate polynom al -Fourier regression, in
which response is related to three "dose" paraneters:

e Total cumul ative exposure dose over the growi ng season

® Peak concentration of individual episodes, and

e Total nunber of episodes above a certain threshold over the
growi ng season

18



This nodel thus interrelates directly the key features of
the episodicity and fluctuations in anmbient air quality over tine
with response, rather than attenpting to define a sinple summary

dose statistic.

Treatnent Levels in Experinental Desian

A fourth difficulty related to nodel validity is that the
nunber of treatnments in nost experimental designs is insufficient
(Krupa and Teng,1982; Nosal, 1983). Thus a high R-square val ue
does not necessarily reflect a high degree of fit of the nodel
but is theoretically guaranteed as the consequence of the limted
nunber of regression points. This is a very serious shortcom ng
which is comon to nost air pollution effects dose-response

nodel | ing at present.
(b) Choice of Mdel Functional Form

The second nmjor category of analytical uncertainty is
related to choice of nodel functional form The follow ng
di scussion is restricted to enpirical dose-response nodels, the
vast majority of which are fitted to data using a |east-squares
regressi on approach. Popul ar nodel fornms include linear,
pl ateau-linear, quadratic, Wibull and others. Each nodel has
certain strengths and weaknesses; the nobst inportant criterion
for selection of nobdel formis goodness-of-fit.

Li near nodels are desirably sinple but they cannot represent
threshold | evels below which no yield reduction occurs. Many
exposure-response relationships are non-linear. Both the log-

normal (Larsen and Heck, 1984) and Wibull (Heck et al. 1984a)

19



nodel s have been used, although they cannot easily incorporate
the effect of low level pollutant stimulations. The quadratic
nodel accomodates both |low |l evel stimulation, and injury at
hi gher doses.

It is essential to recognize the limtations of enpirica
nodels. Any particular nodel should not, in theory, be
extrapol at ed. Separate nodel s should be devel oped for individua
cultivars in time and in space; thus a large nunber of such
nodels is theoretically needed to predict future inpact over
| arge agricultural regions. Since this is obviously not
possible, scientific judgenment is necessary to select the various
experinents that will be conducted in any particular assessnent
(see Section 2.2). A related issue is the recognition that
results cannot be directly extrapol ated beyond the range of
pol I utant concentrations nodell ed. Such extrapol ati ons mnust be
based on scientific judgenent, they nust have a strong biol ogica
basis and, since uncertainty is involved, they should be

probabilistic.
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3. DEALING WTH UNCERTAINTY: RI SK ASSESSMENT METHODOLOGY

The previous section described various sources of
uncertainty in ozone/agricultural crop research and offered
suggestions on how uncertainty could be reduced in future
resear ch. However, there are limts to the ability of science to
reduce uncertainty. There will always be uncertainty, due largely
to the inherent variability and stochasticity of natural systenmns,
and the difficulty in predicting the value of future variables
whi ch may affect plant response.

This section describes a risk assessnent methodol ogy for
dealing with one major source of uncertainty - the response of
crops to ambient ozone for which specific experinmental data are
not available. This section proposes a nethodol ogy which
i nvol ves the use of expert judgments to generate probabilistic
dose-response relationships. The risk assessnent nethodol ogy
proposed here is intended to produce an information base which
not only nmakes full use of the existing scientific data base, but
al so characterizes the nmagni tude of uncertainties associated
with the data base. The nethodology is not intended as a
substitute for scientific research, rather it is intended to
maxi m ze the information available and useful ness of existing

knowl edge.
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3.1 Need and Rationale for Expert Judgnents Regarding Dose-

Reponse

One of the early proponents of environnental risk assessnent
utilizing expert judgnents was Mrgan, who in 1978 argued that
Good anal ysis nust recognize that physical truth
may be poorly or inconpletely known. Its objective
is to evaluate, order, and structure inconplete
know edge so as to allow decisions to be nmade with
as conplete an understanding as possible of the
current state of know edge, its limtations, and
its inplications. (Mrgan et al 1978).

The National Acadeny of Sciences (1977) pointed out that two
ki nds of judgnent are involved in environmental policy-nmaking,
nanely cognitive judgnment based on scientific data, and
eval uative judgnent based on policy considerations.
Identification and assessment of risks to ecosystens requires
cognitive judgnments because of unavoi dable sources of
uncertainty, while determ nation of the acceptability of risk is
an evaluative task for the political process.

The net hodol ogy proposed here deals specifically with the
use of cognitive judgnents by scientists of uncertain dose-
response rel ationships. These are uncertain for many crops and
growi ng conditions because of |ack of enpirical data. WWher e
dose-response information is available, it represents specific
experimental conditions and may not be an accurate nodel of what
may happen under different conditions. Cognitive judgnents are
required to evaluate the applicability of specific nodels to

conditions other than those under which the experinment was

conduct ed.
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Wth experinental data, statistical nethods are used

to characterize the uncertainty associated wth random
variability, mneasurenent and sanpling error. In situations
where experinental data are sparse and only indirectly relevant
(e.g., differences in crop cultivar, growing conditions, or
representation of dose tern), this experinental variability may
represent only a small portion of the scientific uncertainty
about the dose-response relationship being investigated. In
other words, the use of objective evidence requires subjective
j udgnent s. In this regard the following quote was originally

publ i shed in 1959:

A know edge about past instances or about
statistical sanples, while indeed providing
valuable information, is not the sole and sonetines
not even the main form of evidence in support of
rational assignnments of probability values. In fact
the evidential use of such prima facie evidence

. must be tenpered by reference to background
information, which frequently may be intuitive in
character and have the form of a vague recognition
of underlying regularities, such as anal ogi es,
correlations, or other conformties whose fornal
rendering would require the use of predictions of a
| ogical |evel higher than the first....(Experts
have) at their disposal a large store of nobstly
i narticul ated background know edge and a refined
sensitivity to its relevance, often enabling
production of trustworthy personal probabilities
regardi ng hypotheses in the particular area of
experti se (Helmer,1983).

Hel mer suggests that an expert's subjective estimate of the
probability of a particular event, given certain evidence, may be
taken as an estimate of the probability in question.

Dressler (1972) suggested that subjective capability can be
t hought of as a continuum consisting of three areas. At one end
is knowl edge - assertions for which there is a great deal of

evi dence. At the other end is speculation, for which there is
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little or no evidential backing. In the mddle is opinion, which
represents material for which there is sone basis for belief.
Al though the dividing line between these three areas is vague,
the 3-way split concept "guards against a tendency to dismss

what ever is not know edge as nere specul ation”.
3.2 Probabilities as Measures of Uncertainty

The National Acadeny of Science, referring to decision
making in the U S. Environnental Protection Agency, stated

it is inproper for (scientists) to fail to
& ain clearly the limts of their know edge, the
margin of uncertainty in their estimtes, and the
gaps that mght be closed by further research
(NAs, 1977).

For the responsible use of science in decision making, it is
i mportant for decision makers to know not only what is known, but
al so what is not known (O ark, 1985). Unfortunately, it would
appear that uncertainty related to predictions of environnental
effects is in general not being explicitly reported to the extent

it should be. In dark's words:

Unfortunately, it is precisely in conmunicating
assessnents of inconplete scientific know edge that
the scientific conmunity remains |east effective in
provi di ng usabl e knowl edge to decision mekers....
Most technical policy studies of the |ast decade
have paid nore or less elaborate lip service to

t hese cental issues of uncertainty... but very few
anal ysts have noved beyond arm wavi ng and

mat hematical exhibitionism to the systematic,
synoptic, and useful analysis of uncertainties and
their policy inplications (O ark, 1985).
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The words "odds", "probability", "likelihood", and
"frequency" may be used to quantitatively represent
uncertainties. There are two schools of thought regarding the

definition of probability (Mck and Vertinsky, 1985):

(a) Statistical probability, also called objective probability or
t he frequentist's approach, is the relative frequency of agiven
class of events within a larger population of such events.
(hj ective probabilities are often determ ned from properly

desi gned experinments.

(b) Subjective probability refers to personal beliefs;
probability in this case is a measure of an individual's

confidence in the truth of a particular proposition

Both objective and subjective probability distributions for
events denote a quantitative representation of uncertainties.
The use of subjective probabilities is the only alternative for
obtaining a probability distribution when enpirical or
theoretical nodels are not directly applicable or avail able.
Subj ective probability distributions are intended to capture
statistically-based uncertainty (due to random variability,
measurenent and sanpling error) as well as uncertainty about how
the specific experinental results mght generalize to a different

situation.
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3.3 A Conceptual Model of Human Judgnent

Soci al judgnent theory provides a conceptual framework for
descri bing how individuals conbine nultiple pieces of information
into a single judgnent (Adel man and Munpower, 1979). Most
judgnents are the result of conparisons with various cues as
originally conceptualized by the psychol ogi st Brunswik in his
"lens nodel", which is depicted in Figure 2. Judgnents are nade
about an uncertain event on the basis of cues AB,C. . . F. The
person nust identify these cues fromthe information that is
avai | abl e. The relationship between the judgnent and the cues
are represented by the |lines between the "person" box and the
cues. The relationship between the cues and the uncertain event
are shown on the environnental side of the nodel.

Accuracy of judgrment depends on the extent to which the
rel ati onships on both sides of the lens are the sane. The
i nportance of Brunswik's |lens nodel is to stress the follow ng

(Hogarth, 1980):

(a) Judgnent results from a series of operations on information

which is related to other itens of infornmation or events;

(b) Such interrelationships in the human m nd have an anlogue in

nat ur e;

(c) Judgnment will be accurate to the extent that the individual's

picture of reality and judgnental rules match those of reality;
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(d) Judgnent takes place in a probabilistic environnment. The
rel ati onshi ps between cues in the environnent and the target
out cone cannot be represented by strict functional rules, because

they are not exact in all cases;

(e) Judgnental accuracy is a function of both individua

characteristics and the structure of the task environnent.

D sagreenment anong people occurs when they use the sane
information in such a manner that they arrive at different
j udgenent s. In the social judgenent theory approach, four mgjor
paraneters describe the relationships between proxinmal cues and

distal variables as follows (Adel man and Minpower, 1979):

(a) The relative weight (or inportance) that a person places on

each proxi mal cue when naking judgnents;

(b) The function form (linear or nonlinear) that describes the
shape of the relationship between a person's judgnents and the

val ues of a cue;

(c) The organizational principle (additive or nonadditive) which
the individual uses for conbining all the information from

multiple cues into an overall judgnent;

(d) The consistency with which an individual uses information in

nmaki ng j udgmrents.
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Quantitative nodels incorporating the above paraneters have
been constructed using nmultiple regression analysis techniques.
I ndi vidual s made nuneric judgnments (the dependent variable) for a
nunber of cases in which the values of the relevant cues (the
i ndependent variables) varied. Through the use of such nodels the

basis for judgnents are nade explicit (Adel man and Minpower,

1979).
3.4 Eliciting Expert Judgnents Regardi ng Dose- Response

The previous subsection described a conceptual nodel of
j udgnent processes and described how such processes could be
nodel | ed. Elicitation of expert judgnents regarding
probabilistic dose-reponse relationships is not concerned wth
judgnental processes but with the judgnments thenselves. In this
case what is ultimately desired is a cumrulative distribution
function (CDF) representing the expert's opinion of the
probability of various response levels (in this case yield
reductions of a specific crop type) at a given pollutant
concentration or dose. A probabilistic dose-response
rel ati onship can be obtained by eliciting from the expert points
on the CDF (e.g., .01, .25, .50, .75, .99 fractiles) representing
probabl e responses at a given dose. Additional CDF's are
"probability encoded" for different pollutant |evels. Thus a
probabilistic dose-response relationship nmay be devel oped

Met hods for eliciting probabilities from experts have been
devel oped primarily within the area of decision analysis.

Met hods used widely today in business applications were devel oped
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sonme time ago by Spetzler and Von Holstein (1975) and are still
being refined (Mdxrgan et al., 1985). The nethod will not be
di scussed here as it is thoroughly described in the above
references as well as in various textbooks (e.g., Holloway,
1980) .

Since continuous CDF's are desired and only several discrete
points representing the various fractiles on each CDF are
elicited, a nmethod for interpolating between encoded points is
needed. One such nethod has been suggested by Witfield and
Wallsten (1984) and Keeney et al. (1984), in human health risk
assessnents of |ead and carbon nonoxide, respectively. These
anal ysts suggested fitting "normal-on-log-odds" distribution
functions, which generally seemto fit the typically signoida
probabilistic dose-response functions very well. The normal-on-
| og-odds distribution is obtained by fitting a norma
distribution to the natural log of the odds inplied by the
response (crop reduction) rate. A separate nornal-on-|og-odds
distribution function can be fitted to the elicited CDF's at each
pol [ uti on dose. For the judgnents by health experts encoded by
Wiitfield and Wallsten (1984) and by Keeney et al. (1984), the
nor mal - on-1 og-odds distribution described the encoded judgnents
very well, with R-square values of .95 to .99.

A hypothetical famly of probabilistic relationships about
the fraction of a crop yield that will be lost at each air
pol lution dose is shown in Figure 3. Each curve in Figure 3
represents the judgnental probability that the crop yield loss (a
fraction between 0 and 1) will be less than or equal to a

particular value Z at each of three pollutant concentrations (or
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doses) d, 2, C3. The mathematical functions Fz (Z,C) shown in
Figure 3a can be inverted to yield the dose-response relationship
Z (C,Fz) shown in Figure 3b. In this case, for three
probabilities (.05, .50, .95) crop reduction fractions are

determ ned for each encoded pollutant concentration |evel

Probabi | i stic dose-respose relationships based on expert
judgnents have been or are being devel oped for effects of various
air pollutants on human health (Mdrgan et al., 1985; Keeney et
al., 1984; Wiitfield and Wallsten, 1984), for the effects of acid
deposition on fisheries (Peterson and Violette, 1983), and for
effects on forests and aquatic resources (North et al, 1985). At
present the U S. Environnental Protection Agency is conducting an
ozone health risk assessment which will involve subjective expert
judgnents (U S. E. P.A 1986).

Probability encoding protocols used in the above studies
varied significantly in procedure and sophistication. In general,
the elicitors emphasized the need to ensure that the experts
carefully review relevant information and data prior to encodi ng
and that they understand the exact definitions of response and
air pollution neasures. Al probability encoding for the above
projects involved personal interviews with no feedback of the
opi nions of others, thus preserving independence of opinion

In a research project of the risks to Canadian forests from
air pollution, a Delphi approach was used to elicit expert
j udgnent s. The Del phi approach invol ves feedback of opinions of
others to each expert and allows revision of personal judgnents

based on the opinions of others, in an effort to achi eve consensus.
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This type of approach was criticized by Sackman (1975) who
st at ed:
(I't) rewards conformty and penalizes
individuality, and profers non-independent
iterative results as authentic expert consensus..
(it) deliberately manipul ates responses toward
m ni num di spersion of opinion in the nanme of
consensus.
The Del phi approach invol ving feedback and revision of
opinion is thus not conpatible wth the risk assessnent
met hodol ogy proposed here, which requires knowing to what extent
i ndependent | udgnents concur. This is because secondary

uncertainty is said to exist regarding the nodelling of primary

uncertainty related to the event in question (Feagans and Biller,
1981). Such information would be useful to decision makers, who
woul d have greater confidence in estimtes where secondary
uncertainty is mninal

It should be kept in mnd that even so-called independent
judgnments are not conpletely independent, to the extent that
experts share the sanme information and know edge base through
comon training and reading of the sane scientific publications.
Addi tional coments are nmade on this in Section 3.6.

Anot her concern related to the Del phi approach is the
anonymty assured to experts. Sackman (1975) believes this
guarantees protection against individual accountability, which
may pronote vested interests or other biases. If this is true
it may be difficult to renedy the situation, since experts may

not wish to risk reducing their credibility through subjective

pronouncenents that are made public. For this reason if experts
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are not assured anonymty, sonme nmay refuse to participate in the

ri sk assessnent.
3.5 Accuracy of Expert Judgnents

Strictly speaking, a subjective probability assessnent
cannot be evaluated in that it is sinply astatenent of the
expert's personal opinion (Hogarth, 1980). The basic criterion
of what constitutes a good probability assessnment is coherence,
i.e. the assessnent should obey the laws of probability. An
assessnent is coherent if probabilities assigned to a set of
mut ual Iy excl usive and exhaustive events sum to 1.0.

In addition to coherence, assessnents should also be
consistent over tinme (assumng the expert does not get new
information), and should be consistent between different
assessnment net hods. Beyond this there are neasures related to
both substantive expertise, which refers to know edge that an
expert has related to what is being assessed, and nornative
expertise, which refers to the skill of the assessor on
expressing his or her beliefs in probabilistic form (Mrgan et
al., 1979).

Substantive expertise can be neasured by how well a set of
assessnents predicts the actual outcones; a substantive expert
shoul d generally assign high probabilities to those events that
occur frequently, and low probabilities to those that do not
occur frequently. This is a neasure of the accuracy of the
expert's judgnents. Calibration, on the other hand, also known
as reliability, is the neasure of normative expertise. An expert

is well-calibrated if the assessed probability of events
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corresponds well with their enpirical frequency. Qoviously for
j udgnents about dose-response relationships, substantive experts
are necessary, otherwise the elicitation will nean nothing no
matter how well calibrated the expert is.

There is an alarmng lack of information in the
environnmental risk assessnent literature pertaining to the
accuracy of expert judgnents. This is presumably because true
dose-response relationships were not known. (If they were known,
there would have been no need for subjective assessnents.) These
ri sk assessnents involved effects on human health, forests, and
aquatic systens; in general, science has to date not been able to
explain the precise relationships between air pollution dose and
response neasures for these receptors.

On a relative basis nuch nore know edge has been
accunmul ated concerning the effect of elevated levels of ozone on
agricultural crops, and it should be possible to evaluate the
accuracy of an expert's predictions of dose-response. The
expert's predicted dose-response function could be conpared with
an actual dose-response function as determned from experinents.
It would be necessary to ensure the expert had not seen the data
prior to the elicitation session. Recent experinmental data that
has not yet been published could be used for evaluation of the
accuracy of the expert's judgnents.

It would be useful if there were data avail able regarding
the accuracy of dose-response judgnents, because research has
shown that people are subject to significant cognitive biases

which can significantly affect their judgnent (Tversky and
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Kahnenman, 1974). In particular there is a strong tendency toward
over-confidence in subjective assessnents, with the result that
subj ective probability distributions are "tighter" than actua
di stributions. There is a bias in our culture in favor of
confident statenents; for exanple, politicians presumably prefer
to deal with "one-armed scientists" who do not say "On one
hand..., but on the other hand . . . . " (David, 1975).

The following |ist summarizes vari ous biases and sources of
bi as which may contribute to errors in elicitation of expert

j udgnents (Hogarth, 1980):

(a) Avoidance of uncertainty: The notion of uncertainty is
unconf ort abl e. By failing to face up to uncertainty, people do not

acquire mechanisns for dealing with it explicitly.

(b) Representativeness: People tend to ignore whether they have
sufficient information to make predictions, and sel dom consider
the possibility of surprise or unusual events. Hence assessed

distributions are often too tight.

(c) Availability: W may tend to be overly biased by recent or

menor abl e events.

(d) Anchoring and adjustnent: |In any particul ar judgnent,
adjustment from an initial value (the anchor) is usually

i nsufficient.

(e) Internal coherence: People tend to dimnish the inportance of

events which are inconsistent with their beliefs.
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(f) Unstated assunptions: Judgnents are often nade against a

background of assunptions which are not nade explicit.

Some anal ysts conducting expert elicitations have attenpted

to aneliorate the effect of these sources of error by describing

themto the experts prior to elicitation (e.g. Mrgan et al., 1985).

Unfortunately it is difficult to determ ne whether sinply making
experts aware of potential biases helps them to avoid naking
errors.

An indirect indication of the accuracy of judgnents is
related to the extent to which independent assessnents concur
In a risk assessnent of health effects fromair pollution (Mrgan
et al., 1985) it was found that the independent judgnents by
atnospheric scientists of sulfur oxidation rates were in good
agr eenent . Conversely the health experts predictions differed
dramatical ly. Al though there is no guarantee the neteorol ogists
predi ctions were accurate (they may have all been wong), a
deci si on nmaker should have nore confidence in the accuracy of the
medi an neteorol ogist& prediction than in the accuracy of the

medi an val ue predicted by health experts.
3.6 Selection of Experts

There is a paucity of published information concerning
systemati c nmeans of selecting experts for risk assessnent,
even though the inportance of this step has been w dely

acknow edged. The quality of the judgnental data collected
depends clearly and crucially on the conpetence of the experts

that are sel ected.
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According to Mrganstern (1973) the conpetence in question

has two conponents:

(a) Substantive expertise in the relevant area of science or

t echnol ogy; and
(b) Intuitive judgnent.

Since good intuitive judgnent is an elusive personality
characteristic, an investigation of the necessary attributes of
expertise mnmust focus primarily on the attributes of substantive
expertise.

The lack of research into environnental expert selection may
be because past researchers believed selection could be done on
the basis of straightforward, obvious criteria and that val uable
time and resources should be expended on other aspects of the
ri sk assessnent. The net hodol ogy proposed here takes the
opposite view, that is, that expert selection is a very inportant
conponent of the risk assessnment and that significant effort
shoul d be expended at this task.

The first and nost obvious criterion of substantive
expertise is specific know edge related to what is being
assessed. The reason for this was articulated by Helnmer (1983):

W resort to an expert precisely because we expect
his information and the body of experience at his
di sposal to constitute an assurance that he will be
able to select the needed itens of background
information, determ ne the character and extent of
their relevance, and apply these insights to the

formulation of the required personal probability
j udgnent s.
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The difficulty, of course, lies in determ ning which experts
have a sufficient and appropriate know edge base. In sone of the
early research into the Del phi technique, attenpts were made to
identify the relative conpetence of panelist by asking themto
rate their expertise in the area being exam ned. The results were
di sappointing in that the expert groups with the high self
ratings did not do any better than the "non-expert" groups
(Martino, 1972). A possible explanation for this was offered by
Morganstern et al. (1973) who suggested that:

(Scientists) mght be too eager or too reluctant,

for various reasons, to admt inconpetence. They

m ght be reluctant because they are ignorant or

bi ased in judging their expertise; or they mght be
eager to escape froma difficult job (ie providing
subj ective probabilities) (coment in brackets added).

In nore recent environmental risk assessnments, a common
nmeans of identifying experts has been to obtain a list of
recommended individuals from an appropriate agency or
est abl i shment . For example, health experts recomended by the
Envi ronnental Protection Agency were selected by Mrgan et al.
(1985), Keeney et al. (1984) and, it would appear, Witfield and
Wallsten (1984). This selection nmethod is susceptible to the bias
of the particul ar agency.

A nore objective approach was used by Peterson and Violette
(1985) in a risk assessnent of acid deposition on fisheries in
the Adirondacks (1985). They conpiled a list of authors from
recent relevant scientific literature. \Wighting for selection

was assigned on the basis of (i) the nunmber of recent

publications, and (ii) the amount of work perfornmed in the

Adi rondack Muntain region.
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Experts used in the Del phi assessnent of the inpact of air
pollution on Canadian forest productivity were selected using a
nom nati on procedure. The experts selected were those that were
nom nated the nost nunber of tinmes by their peers (Fraser et al.
1985) .

Hel mer (1983) suggested that expert choice should initially
be made on the basis of past performance in the area being
investigated; that is, experts' past judgnents should have been
shown to have been reliable and accurate. Secondl y, expert
choi ce should be nade on the basis of personal qualifications and
achi evenents, such as education, experience, publications, status
anong peers, and so on.

Regardi ng Helmer's first criterion, it was pointed out in
Section 3.5 that the accuracy of expert judgnents about dose-
response have not been evaluated, although it should be possible
in the future to evaluate the accuracy of judgnents about ozone

effects on agricultural crops. Unfortunately, this a posteriori

type of evaluation obviously cannot be conducted until experts
have been selected in the first place, and have presented their
j udgnent s.

Thus, for initial expert selection, we are generally
restricted to the use of a priori type criteria related to
gualifications and achievenents. Once again, however, it is not
clear how to proceed since the relationship between neasures of
these attributes and the ability to nmake reliable, accurate
predi ctions does not appear to have been systematically
i nvestigated and reported. There are probably several strategies

for investigating such a relationship but, in general, the

40



following primary criteria are recomended:

(a) The attributes of expertise and their relative inportance

shoul d be determ ned by scientific peers;

(b) A properly designed questionnaire or survey should be used to

obtain opinions from peers on the attributes of expertise;

(c) The survey should ask respondents to quantitatively evaluate
various objective indices such as education, experience,
publications, scholarly research, awards, persona

characteristics (e.g. judgnent), and so on

(d) The survey should ask respondents to rank thenselves in terns

of relative expertise for the proposed task;

(e) The survey should ask respondents to nom nate experts for

t he proposed task.

The results of a properly conducted survey should allow
objective a priori selection of experts, and weighting of their
relative expertise, for risk assessnent. Once the judgnents have

been selected, a posteriori evaluation, as described previously

for judgnents about ozone dose-agricultural crop response, would
constitute a very useful and interesting investigation of the
feasibility and value of expert judgnments for air pollution risk
assessnent .

Anot her question related to the selection of experts
concerns how many experts should be contained in the sanple

There has been sone enpirical research into this question by
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deci sion analysts, as well as by theoretical statisticians
(Wnkl er and Makridakis 1983; Hogarth 1978; Ashton 1986).
Enpirical work by Ashton and Ashton (1985) showed that forecast
error decreased as additional individuals' forecasts about
advertising pages for Tinme magazine were included in the
aggregate, but that only 2 to 5 individuals nust be included to
achieve nmuch of the total inprovenent available from conbining
the forecasts of up to 13 individuals.

In the previously nentioned risk assessnent of health
effects fromair pollution by Mrgan et al. (1985), the results
showed that only a few atnospheric scientists' predictions were
required due to the consensus of opinion of this group. (One or
two scientists predicted nearly the sanme probabilities as the
aggregate opinion of the larger group.) On the other hand, due to
di sagreenent anong health experts, a considerably |arger sanple
of experts would be required to determ ne the true opinions of
thi s popul ati on.

One final coment should be nmade regarding the value of an
obj ective expert selection procedure. Such a nethodol ogy woul d
all ow the weighting of experts in terns of their relative<
"expertise". Thus, in the case of divergent judgnments, nore
wei ght could be given to those opinions elicited from the
individuals with greater expertise, as determned from the
survey. The resulting "consensus distribution" should be
conpared with other methods of aggregating opinions, ranging from
simple averaging of the distributions to nore conplex and fornal
Bayesian revision processes such as those described by Wnkler

(1981, 1986). It is worth noting that one of these consensus
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nodel s allows for dependence anong the experts sanple (Winkler,
1981). It was devel oped on the basis that experts have commobn
and simlar education and experience, resulting in sone sort of

stochasti c dependence anong their errors of estimation
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4. CONCLUSI ONS AND RECOMVENDATI ONS

Envi ronnental inpact/risk assessnment is a tool that may be
used to assist in making difficult decisions about the
envi ronment, because such decisions always involve uncertainty.
The inportance of identifying and understanding the sources and
magni tude of wuncertainty in environnmental policy decision mnmaking
has | ong been recognized. Unfortunately, however, there has been
relatively little effort to date to explicitly incorporate
uncertainty analysis into environnmental risk assessnents. Thus,
in an attenpt to allow the inprovenent of inpact assessnents
related to the effect of ozone pollution on agricultural crop

productivity, this report had two major objectives:

(i) To describe sources of uncertainty in the evaluation of the

effect of ozone on agricultural productivity (Section 2); and

(i1) To describe a risk assessnent nethodol ogy for the use of
secondary dose-response information, i.e. information for other
cultivars or grow ng conditions than those common to the Fraser

Valley of B.C. (Section 3).

Several approaches to reducing uncertainty were suggested in
Section 2, but it was pointed out that significant inprovenents
in our know edge base will require a major research effort and
will require several years at |east. Thus, if an inpact
assessnment is desired at this tinme in order to gain an
appreciation of the magnitude of the problem secondary dose-

response data will have to be used.
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The proposed risk assessenent nethodol ogy invol ves
elicitation of subjective, probabilistic dose-response estinates
for inportant crops of the Fraser Valley. Subjective probability
di stributions represent and include uncertainties related to both
the original relationship as determ ned from an experinent, (e.qg.
scientific uncertainties) as well as uncertainty about how
specific experinental results mght generalize to a different
si tuation.

One particularly inportant conponent of the risk assessenent
i nvol ves sel ection of experts. This is because the quality of
the subjective judgnents is directly related to the substantive
expertise of the scientists that are providing opinions, as wel
as their intuitive capability, their ability to provide true
representations of their opinions of uncertainty, and so on. It
was recomended that an objective approach be used for defining
the relevant attributes of expertise, and for selection of
experts. Such a nethodol ogy would also allow the weighting of
expert judgnents in terns of the relative "expertise" of the
experts, which is an inportant step in the specification of a
consensus probability distribution

One obvious limtation related to the past use of experts is
that the accuracy of their judgnents could not be eval uated,
because the real relationships were not known. The proposed
met hodol ogy should all ow evaluation of the accuracy of subjective
probabilistic dose-response relationships. This should be
possi bl e by asking experts to predict dose-response relationships
for species for which experinental data has been obtained, but

t he experts have not seen.
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