Risk Analysis, Vol. 24, No. 2, 2004

Ecological Risk Ranking: Development and Evaluation
of a Method for Improving Public Participation
in Environmental Decision Making
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1. INTRODUCTION

This article reports an extension of the Carnegie Mellon risk-ranking method to incorporate
ecological risks and their attributes. On the basis of earlier risk-perception studies, we identified
a set of 20 relevant attributes for describing health, safety, and environmental hazards in
standardized risk summary sheets. In a series of three ranking sessions, 23 laypeople ranked
10 such hazards in a fictional Midwestern U.S. county using both holistic and multiattribute
ranking procedures. Results were consistent with those from previous studies involving only
health and safety hazards, providing additional evidence for the validity of the method and the
replicability of the resulting rankings. Holistic and multiattribute risk rankings were reasonably
consistent both for individuals and for groups. Participants reported that they were satisfied
with the procedures and results, and indicated their support for using the method to advise real-
world risk-management decisions. Agreement among participants increased over the course
of the exercise, perhaps because the materials and deliberations helped participants to correct
their misconceptions and clarify their values. Overall, health and safety attributes were judged
more important than environmental attributes. However, the overlap between the importance
rankings of these two sets of attributes suggests that some information about environmental
impacts is important to participants’ judgments in comparative risk-assessment tasks.

KEY WORDS: Comparative risk assessment; ecological risk; environmental attributes; human health
risk; risk attributes; risk perception; risk ranking

of average citizens who have taken the time to de-

Regulators and other risk managers receive fre-
quent input from representatives of a wide variety of
special interest groups. Sometimes, they also receive
results from surveys in which members of the pub-
lic have expressed their impressions of various risks.
However, what they rarely receive, but very much
need in a democracy, are judgments from samples
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velop thoughtful, informed views about a set of risks
(Brown, 1996). Well-developed procedures to support
risk ranking are needed to provide such input.

The U.S. Environmental Protection Agency
(EPA) report entitled Unfinished Business high-
lighted the use of risk-ranking methods in environ-
mental policy (U.S. EPA, 1987). That report com-
pared the EPA’s allocation of regulatory attention to
aranking of the importance of various risks by senior
EPA managers and staff. Subsequently, EPA’s Science
Advisory Board has conducted two agencywide rank-
ing projects (U.S. EPA, 1990, 2000), and the agency
has supported several dozen local and regional
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comparative risk-ranking projects (Jones, 1997; Jones
& Klein, 1999; Minard, 1996; U.S. EPA, 1993).

Although most of these risk-ranking projects
have incorporated public participation at some level,
the mechanisms for doing so have varied widely across
projects; the range of participatory methods used has
included surveys, focus groups, and citizen panels. For
example, the Ohio Comparative Risk Project incorpo-
rated a 24-member public advisory group, facilitated
meetings with over 6,000 citizens, surveyed more than
8,000 citizens, and polled 900 citizens by telephone
(Morrone, 1995). Despite such efforts, researchers in
these projects have not formally evaluated the valid-
ity of these methods for involving the public in risk-
ranking exercises.

Over the past few years, researchers at Carnegie
Mellon University have developed a method for elic-
iting informed judgments regarding health and safety
hazards. The method is designed to elicit participants’
relative concern about hazards by providing clear,
concise, and consistently formatted information in a
setting that encourages deliberation about the im-
portant characteristics of the hazards. In previous
overviews (DeKay et al., 2001; Florig et al., 2001),
we have described the five interdependent steps in
this method (see Fig. 1). Briefly, risk experts: define
and categorize the risks to be ranked, with input from
community representatives (Step A); identify the rel-
evant attributes of those risks (Step B); and describe
the risks in a set of standardized risk summary sheets
(Step C). Jury-like groups of laypeople or others then
use these materials to rank the risks (Step D), and
the investigators who facilitate the risk-ranking exer-
cises report on the process and the resulting rankings
(Step E).
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In our initial studies, we applied this risk-ranking
method to a fest bed involving the health and safety
risks present at the fictional Centerville Middle
School (Florig et al., 2001). Results indicated that
participants were satisfied with both the risk-ranking
process and results, and that the elicitation proce-
dures produced rankings that were both internally
consistent and similar among participants and among
groups (DeKay et al., 2001; Morgan et al., 2001).

Although the method performs well in the do-
main of human health and safety risks, the school test
bed is not conducive to the study of environmental
risks. Ranking environmental risks requires informa-
tion about hazards’ impacts on ecological endpoints
and judgments about the importance of those effects.
Simultaneously ranking health, safety, and environ-
mental risks requires participants to make difficult
tradeoffs among a larger and more diverse set of rel-
evant attributes. Unfortunately, we know much less
about what information is relevant to the general pub-
lic’s assessments of environmental hazards, compared
to health and safety hazards.

This article reports an extension of our risk-
ranking method to incorporate environmental haz-
ards and their attributes. Section 2 describes a new
experimental test bed for ranking health, safety, and
environmental risks; Section 3 provides an overview
of the ranking procedures and analyses; and Section
4 describes three risk-ranking sessions involving par-
ticipants from the lay public. The results, which are
described in Section 5, allow for evaluation of the
ranking method and participants’ use of environmen-
tal attributes. When considered alongside results from
previous ranking studies, these results provide addi-
tional evidence for the validity of the ranking method

Fig. 1. Steps in the risk-ranking method.
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et al. (2001))
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and the replicability of the resulting rankings in these
experimental test beds. Finally, Sections 6 and 7 pro-
vide additional discussion and conclusions.

2. EXTENDING THE RISK-RANKING
METHOD TO ENVIRONMENTAL
HAZARDS

To evaluate our risk-ranking method in a do-
main that includes environmental risks, we expanded
the Centerville Middle School test bed to DePaul
County, a fictional county in the Midwestern United
States. The risk-ranking experiments were set in the
context of county commissioners asking citizens to
advise them on public concerns that the county can
address through risk-management efforts. We devel-
oped a description of DePaul County that includes a
county seat, residential centers, commercial and light
industrial activities, a coal-fired power plant, a land-
fill, a typical transportation infrastructure, a navigable
waterway, and a state park. The test bed also includes
descriptions of several of the hazards existing in the
county, as discussed below.

2.1. Categorizing the Hazards (Step A)

Although there are many ways to categorize
hazards, risk ranking requires consistent choices re-
garding how hazards are grouped. For example, hu-
man health and safety hazards can be categorized
in terms of predisposing conditions, proximal causes,
outcomes, or in numerous others ways (DeKay et al.,
2001; Fischhoff & Willis, 2001; Morgan et al. 2000).
Environmental hazards can be categorized in terms
of the specific agent or stressor (e.g., lead), the ac-
tivity giving rise to hazard (e.g., mining), the location
(e.g., specific streams and rivers), the physical medium
(land, water, or air), the endpoint of concern (e.g., bi-
ological diversity), and so on. Categorization is com-
plicated because some risks can be considered both
causes and effects. For example, acid rain could be
considered a cause of ecological disturbances in af-
fected forests or an effect of air pollution from coal-
fired power plants.

Historically, comparative risk projects have used
combinations of these classifications (Jones, 1997;
Konisky, 2001; Minard, 1996; Morgenstern & Sessions,
1988). Unfortunately, there are no objective criteria
for determining the best method of categorizing haz-
ards for ranking purposes. Perhaps the best guidance
is to define hazards in the manner that is most useful
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to the ultimate users of the rankings (Morgan et al.,
2000).

For the current study, we focused on activities and
environmental stresses rather than on specific facili-
ties or outcomes. Though the county test bed could
be used to describe dozens of environmental and hu-
man health hazards, we had participants consider only
the following 10 hazards: agricultural runoff, air pollu-
tion from electric power, food poisoning, genetically
modified corn, invasive species, landfilling municipal
solid waste, motor vehicle crashes, recreational motor
boating, road salt and road-salt runoff, and transport
of hazardous materials.

2.2. Identifying the Attributes (Step B)

Providing consistent attribute information about
each hazard facilitates comparisons between hazards,
but selecting an appropriate set of attributes is diffi-
cult (Jenni, 1997). The major challenge is choosing a
set of attributes that comprehensively describes haz-
ards’ impacts while keeping the list short enough to
be cognitively tractable. Each stakeholder group may
prefer a different set of attributes. Although no sin-
gle attribute set can fully satisfy every group’s pref-
erences, the chosen attribute set should not exclude
any value set or perspective. In other words, it is more
important for any group to be able to express their
concerns through the selected attributes than for any
single group to be completely satisfied with the at-
tribute set.

2.2.1. Health and Safety Attributes

The literature on risk perception and previous
studies on ranking health and safety risks provide a
solid foundation for selecting attributes to describe
hazards’ health and safety impacts (Florig et al., 2001;
Jenni, 1997; Morgan, 1999; Morgan et al., 2001; Slovic,
1992). Florig et al. identified four attributes for mor-
tality impacts, four attributes for morbidity impacts,
two attributes for uncertainty, and an attribute each
for delay of effects and controllability. Extending the
risk-ranking method to the county test bed required
adding attributes to describe hazards’ environmen-
tal impacts. To minimize the size of the extended at-
tribute set, we reduced the number of human health
attributes from 12 to 8 (see Fig. 2). We combined
two mortality attributes that had described the risk
of death in different statistical units. We dropped
two attributes by differentiating injuries and illnesses
by severity (i.e., more serious versus less serious
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Road Salt and Road Salt Runoff

Summary:

As in other parts of the country which experience ice and snow in the winter, the DePaul
County Highway Department and the Centerville Department of Public Works use salt as a deicing
agent on roads in winter months. Salt runoff and spray can adversely affect plants and some other
life forms. In some circumstances, sensitive trees near salted roads can be killed. Salt runoff can
contaminate ground water. Salt also contributes to the accelerated deterioration of structural
materials such as concrete and steel in structures such as bridges and auto bodies. This
deterioration increases the risk of automobile-related injuries and fatalities.

Human Health and SafetyImpacts o Eatmate cavme)
Risk of death
For the average person —
Chance in a million of death per year 4 8 15
Expected number of deaths per year 0.05 0.1 0.2
For the person at highest risk, chance in a million of death per year 11 20 35
Catastrophic potential, greatest number of deaths in a single event 5-20
Risk of injury and illness
Serious injuries and linesses, number of cases per year 2 4 8
Minor injuries and ilinesses, number of cases per year 4 8 15
Other factors
Time between exposure and health effects immadiate
Scientific understanding and predictability of health and safety impacts high
Ability of individual to control one’s own expasure to health and safety risks medium
Environmental Impacts ' s T
Ecological effects
Habitat affected -
Acres 3,000 5300 10,000
Square Miles 5 8 16
Animals killed or displaced, number few
Effects on variety of native species small
Ecolegical significance of affected species and habitat medium
Effects on natural processes and cycles low
Calastrophic potential, magnitude of worst-case effects low
Aesthetic effects
Changes in landscape appearance small negative (-3)
Effects on noise, smell, taste, and visibility little or no change (0)
Other factors
Time between exposure and environmental effects 0-5 years
Duration of environmental effects, assuming the current activity or stress 0-30 years
does not continue, but no other carrective actions are taken
Scientific understanding and predictability of environmental impacts somewhat high
Negative effects on the environment's capacity to provide goods small

and services to people

Fig. 2. Layout of the front page of a risk summary sheet showing the risk name, a summary paragraph, and a table of risk attributes.
Additional pages include a few-paragraph narrative describing the risk in both national and local contexts, and a description of actions that
local officials have taken to address the risk. A two- to four-page summary sheet was prepared for each of the 10 risks defined for DePaul
County.

conditions) but not by duration (i.e., short-term versus 2.2.2. Environmental Attributes
long-term conditions). Finally, we combined the qual-
ity of scientific understanding and the predictability of

health effects into a single attribute.

The existing literature provides only limited guid-
ance for choosing an appropriate set of attributes for
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describing the environmental impacts of hazards. A
handful of psychometric studies on the perception of
ecological risks (Lazo et al., 2000; McDaniels et al.,
1997; McDaniels et al., 1995, 1996) indicate that peo-
ple perceive differences among ecological hazards
on the following five factors: impacts on species, im-
pacts on humans, benefits to humans (or acceptability),
avoidability (or controllability), and knowledge of im-
pacts (or understandability). In the McDaniels et al.
(1997) and Lazo et al. (2000) studies, the first two of
these factors (impacts on species and impacts on hu-
mans) collapsed into a single factor.

In aseries of recent studies, we incorporated addi-
tional attributes from the literatures on ecology, con-
servation, and management, and from previous fed-
eral and state risk-ranking projects. In the first of these
studies (Willis ez al., 2003, study 1), lay participants
differentiated among risks on the five factors noted
above, plus a sixth factor related to impacts on aes-
thetics. Oblique rotation of the factor solution (i.e.,
a rotation that did not constrain the factors to be
orthogonal) indicated that the factors for ecological
impacts, human impacts, and aesthetic impacts were
correlated, as might be expected. The second study
(Willis et al., 2003, study 2) focused on a subset of at-
tributes related more closely to ecological risk, and
replicated the appropriate portion of the factor so-
lution (ecological impacts, aesthetic impacts, and sci-
entific understanding). In addition, these studies in-
dicated that factor solutions from aggregate data are
useful in predicting riskiness judgments at both the ag-
gregate and individual levels. In a third study (Willis
& DeKay, 2003), analysis of data from four differ-
entstakeholder groups (laypeople, environmentalists,
and environmental professionals in government and
industry) indicated that the groups perceived risks
similarly (i.e., they had very similar factor structures).
However, there were some differences among groups
in the way that these factors were related to judg-
ments of riskiness. Compared to the other groups,
laypeople placed less weight on ecological impacts
and more weight on aesthetic impacts and scientific
understanding.

On the basis of this research and other pilot stud-
ies, we selected 12 attributes to describe the environ-
mental aspects of hazards present in DePaul County
(see Fig 2). Definitions of all 20 health, safety, and
environmental attributes appear in the Appendix.

2.3. Describing the Hazards (Step C)

The design of materials for the current study was
guided by previous research on risk communication
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and risk ranking (DeKay et al., 2001; Florig et al.,
2001; Morgan, 1999; Morgan et al., 2002). We devel-
oped two- to four-page 8.5 x 11-inch risk summary
sheets that describe each of the 10 hazards selected for
DePaul County. As an example, the summary sheet
for road salt and road-salt runoff appears in Fig. 2.
Each summary sheet begins with a short narrative
paragraph describing the scope of the hazard. The first
page also includes a table of quantitative and qualita-
tive data about the hazard for each of the 20 attributes
discussed above. The remaining pages address three
topics: (1) the sources, general mechanisms, and mag-
nitudes of the hazard’s impacts; (2) the sources and
extent of the hazard in DePaul County; and (3) the
efforts already made in the county to control the haz-
ard’s impacts. Descriptions of the hazards are based
on the relevant literature and discussions with profes-
sionals familiar with the hazards. Quantitative data
are based on national averages, but are adjusted to
plausible levels of risk for the fictional county.

To help participants interpret the 20 attributes on
the first page of the risk summary sheets, we created
a separate 8.5 x 11-inch pamphlet, titled “Notes on
the Numbers,” that provides definitions for these at-
tributes. To facilitate comparisons of hazards on these
attributes, we also created an 11 x 17-inch sheet that
contains rankings of the 10 hazards in terms of each
of the 20 attributes.

3. ELICITING AND EVALUATING
RANKINGS OF HAZARDS

3.1. Ranking the Hazards (Step D)

We employed the standard method described by
Florigezal. (2001) to elicit participants’ rankings of the
risks. Participants produced their initial rankings in-
dividually, then worked with others to produce group
rankings, and finished by producing their final rank-
ings individually. In each of these three stages, haz-
ards were ranked using two procedures. First, par-
ticipants ranked the hazards directly, using the risk
summary sheets. These rankings are called holistic
rankings. Second, participants ranked the attributes
of the hazards, and a model was used to produce haz-
ard rankings from these attribute rankings. The result-
ing hazard rankings are called multiattribute rankings.
In the first two stages, the participants and groups
were given the opportunity to reconcile differences
between their holistic and multiattribute risk rankings
to create revised rankings. In all, eight separate rank-
ings of the hazards were collected in Step D of Fig. 1
(Steps D1-D8, respectively). The procedures used to



368

elicit these rankings are discussed in greater detail in
Section 4.3.

3.2. Assessing Consistency, Satisfaction,
and Agreement

In order to provide useful input to public risk-
management decision making, risk-ranking exercises
must yield valid results (Morgan et al., 2001). In our
studies, participants’ rankings of hazards (i.e., their
levels of concern) are assessed using both holistic and
multiattribute procedures. The correlation between
these rankings is a measure of internal consistency or
convergent validity. 1deally, such consistency will in-
crease over the course of the ranking exercise as dis-
cussions provide participants with additional knowl-
edge and opportunities to reconsider their judgments.

If participants are satisfied with the ranking pro-
cess and believe that the results faithfully represent
their concerns, then the method has face validity. We
assess participants’ satisfaction explicitly, with a final
questionnaire, and implicitly, with multiple regression
models of their rankings of the hazards.

Producing complete agreement among partici-
pants or among groups is not a goal of our risk-ranking
method (Morgan et al., 2001). Different values, in-
terests, and experiences provide a basis for valid dis-
agreement, and ignoring this fact does a disservice
both to participants and to decisionmakers. In some
instances, identifying important areas of agreement
and disagreement may be as important for risk man-
agers as determining a specific ranking of hazards.
Even so, effective risk communication and discussion
should help reduce confusion and misunderstanding,
and lead to greater agreement among the rankings of
different parties over the course of the exercise.

4. METHODS
4.1. Participants

Twenty-three participants took part in the risk-
ranking sessions: eight each in the first two sessions
(Groups 1 and 2) and seven in the third session
(Group 3). Sixteen of the participants were contacted
through a community organization in Allegheny
County, Pennsylvania; the remaining seven (not all
in Group 3) responded to personal solicitations
at Carnegie Mellon University. Participants’ ages
ranged from 23 to 80 years, with a mean of 53 years.
Fourteen participants were female. All had graduated
from high school; eight had attended a two-year col-
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lege or trade school; five had obtained a bachelor’s de-
gree but not a graduate degree; and one had obtained
a graduate degree. In return for their participation,
we paid each person $100 or made an equivalent do-
nation to the community organization.

4.2. Materials

Materials for this study included a description and
map of DePaul County, the risk summary sheets for
the 10 hazards listed in Section 2.1, the “Notes on
the Numbers” pamphlet, and the large sheet contain-
ing rankings of the 10 hazards by each of the 20 at-
tributes. These materials are available from the first
author upon request or electronically at http://www.
epp.cmu.edu/research/EPP _risk.html.

4.3. Procedures

One week prior to the risk-ranking session, we
mailed each participant a package containing the risk
summary sheets and supporting documents describ-
ing DePaul County. Working independently, partici-
pants reviewed these materials and ranked the haz-
ards in terms of their level of concern, with 1 being
the hazard of greatest concern. For this initial indi-
vidual holistic ranking (Step D1), participants were
free to use the information contained in the risk sum-
mary sheets and any other information or experi-
ences that they thought relevant. Participants spent
between 0.75 and 7.5 hours on this task, averaging
about three hours.

We facilitated the remaining tasks (Steps D2-
D8) during organized workshops that lasted between
six and eight hours, held on Saturdays at Carnegie
Mellon University. At the beginning of the session,
we reviewed the materials that participants had been
mailed, with particular attention to the 20 attributes
on the front of the risk summary sheets.

For many attributes, such as mortality or the
amount of habitat affected, people tend to agree
about whether high or low values are worse. For other
attributes, the direction corresponding to a worse con-
dition may not be obvious (Morgan et al., 2001). For
five of the attributes listed in Fig. 2 (those related to
the time between exposure and health or environ-
mental effects, the scientific understanding and pre-
dictability of those effects, and one’s ability to control
his or her exposure to health and safety risks), partici-
pants worked independently to indicate whether high
or low values are associated with greater concern. Par-
ticipants then ranked the 20 attributes according to
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their relative importance, with 1 being the most im-
portant attribute. Participants were told not to rank
attributes that did not affect their level of concern for
the hazards.

We used these attribute rankings to calculate a
total concern score for each hazard using a linear ad-
ditive multiattribute model

n
Concern; = Z w; X v; (Xij), (1)
i=1

where jis a hazard, i is an attribute, n is the number of
attributes, w; is the importance weight for attribute i,
v; is the value function for attribute i, and x;; is hazard
j’s level on attribute i. In order to apply such a model,
one must elicit or assume attribute value functions
and attribute weights. To determine the value func-
tion for each attribute, we first ranked the levels of
the attribute. For example, the three levels for the at-
tribute “number of animals killed or displaced” (i.e.,
none or almost none, few, and many) were ranked 1
(best), 2, and 3 (worst), respectively. These ranks were
then normalized to range from 0 to 1, leading to final
values of 0 for none or almost none, 0.5 for few, and 1
for many.

We considered several alternative methods for
converting attribute rankings to attribute importance
weights. In a pilot study of 32 risk managers, we evalu-
ated the rank-order-centroid, reciprocal-of-the-rank,
and rank-sum attribute weighting functions (Barron
& Barrett, 1996; Jia et al., 1998) by assessing the con-
sistency of the resulting multiattribute risk rankings
with participants’ holistic rankings of the 10 DePaul
County hazards. Mean Spearman correlations with
holistic rankings were 0.54,0.51, and 0.53 for the three
functions, respectively. In our previous studies of
health and safety risks, we have used the reciprocal-of-
the-rank attribute weighting function (Morgan, 1999;
Morgan et al., 1999; Morgan et al., 2001). For the cur-
rent study, we used the rank-sum function because
it was simpler to implement and explain during the
ranking workshops and because it has the property
of distributing attribute weights more evenly across a
larger number of attributes (Jia et al., 1998). The fol-
lowing rank-sum formula converts attribute ranks to
estimated attribute weights

n+1— R()
Wi = —=n o
>izi RG)
where i is an attribute, R(i) is the rank of that attribute,
and # is the number of ranked attributes. If a partic-

ipant did not use a particular attribute, that attribute
was not considered in the calculation, and received

)
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a weight of zero. We used participants’ reported at-
tribute ranks directly, without reranking them to elim-
inate skipped ranks (e.g., rankings such as 1, 2, 3, 10
were not altered). In some cases, the highest reported
ranks were greater than the number of nonzero ranks,
n, and Equation (2) produced negative importance
weights for those attributes. To avoid negative weights
while still using participants’ reported attribute ranks,
we employed the following modified formula:

Rmax + 1- R(l)
Z?:l [anax + 1 - R(l)] ’

where Ry is the highest reported rank.

Attribute importance weights from Equation (3)
were normalized so that they summed to 100 and then
used in Equation (1). Finally, the resulting concern
scores were ranked so that 1 represented the hazard
of greatest concern, to yield initial individual multiat-
tribute risk rankings (Step D2).3

These rankings were calculated and returned
to participants for their consideration, along with
spreadsheet output reflecting some of the intermedi-
ate results. The goal of this review was to help partici-
pants better understand the characteristics of the haz-
ards and how their weights for these characteristics
were related to their levels of concern for the 10 haz-
ards. After considering discrepancies between their
holistic and multiattribute risk rankings, participants
produced initial individual revised rankings (Step D3).

Next, participants worked together to rank the
risks. Each group of seven or eight people produced
a single group holistic ranking (Step D4). Groups
then ranked the attributes in terms of their impor-
tance, and we used this information to construct group
multiattribute risk rankings, again using Equation (3)
to determine the attribute weights (Step D5). Each
group compared its holistic and multiattribute risk
rankings and produced a group revised ranking (Step
D6). Although we facilitated these discussions, groups
were free to determine their own decision processes.
Typically, participants referred to their initial individ-
ual revised rankings and provided reasons why they
thought particular hazards should be ranked high or
low. Persuasion and opinion change appeared to be

©)

w; =

3 For the 49 multiattribute risk rankings reported in this article (23
in Step D2, 3 in Step D5, and 23 in Step D7), the risk rankings
implied by Equations (2) and (3) were identical in 43 instances
(when negative importance weights from Equation (2) were set
to zero). In the few cases where the rankings differed, the lowest
correlation between rankings from the two weighting procedures
was 0.96. Subsequent analyses involving multiattribute risk rank-
ings were not sensitive to these small differences.
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the norm, but there were many instances in which in-
dividual participants acquiesced in order to achieve a
group ranking.

Because it is unrealistic to expect complete con-
sensus, participants were given the opportunity to dis-
sent from their group’s rankings. Working indepen-
dently, participants compared their group’s revised
ranking (Step D6) to their initial individual revised
rankings (Step D3) and produced final individual
holistic rankings (Step D7). Participants also com-
pared their group’s attribute ranking (Step D5) to
their initial individual attribute rankings (Step D2)
and produced final individual attribute rankings,
which were used to calculate participants’ final indi-
vidual multiattribute risk rankings (Step DS8).

At the end of the session, participants evalu-
ated several aspects of the ranking process and re-
sults using seven-point scales. First, participants indi-
cated how much their current knowledge of the risks
and their final individual holistic rankings were in-
fluenced by completing their initial individual rank-
ings and by their group’s deliberation processes. Next,
participants reported their levels of satisfaction with
their group’s decision-making process and ranking.
Third, participants indicated how strongly they would
approve or disapprove of using the results of their
ranking session as an input to risk-management de-
cisions in the fictional county, and how strongly they
would approve or disapprove of actual government
agencies using the method to obtain public input for
policy decisions.

5. RESULTS

Responses from individual participants in the
same risk-ranking sessions could not be considered
independent after the group discussions. Despite the
fact that there were only three groups, the statistics
reported below were computed at the individual par-
ticipant level, averaged within groups, and analyzed
at the group level. For ease of comparison, the same
procedures were also used for individual participant
data collected before the group discussions.

5.1. Consistency Between Holistic
and Multiattribute Risk Rankings

Consistency between holistic and multiattribute
risk rankings was assessed using Spearman correla-
tions, both for individual participants and for groups.
Results are reported in Table 1.
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Table I. Consistency (Mean Spearman Correlations Between
Holistic and Multiattribute Risk Rankings)

Rankings Groupl Group2 Group3 Average

Initial individual 0.56 0.43 0.43 0.47
(Steps D1 and D2)

Group (Steps D4 and D5) 0.71 0.85 0.57 0.71

Final individual 0.64 0.79 0.63 0.69

(Steps D7 and DS)

The mean Spearman correlation between partici-
pants’ initial individual holistic and multiattribute risk
rankings (Steps D1 and D2) was significantly greater
than zero, M = 047, t(2) = 11.27, p = 0.0078, as was
the mean Spearman correlation between participants’
final individual holistic and multiattribute risk rank-
ings (Steps D7 and D8), M = 0.69, #(2) = 12.89,p =
0.0060. Despite the notable increase in consistency,
the difference between the initial and final correla-
tions was not significant, M = 0.21, #(2) = 2.65, p =
0.1175, because of the small number of groups. The
mean Spearman correlation between groups’ holistic
and multiattribute risk rankings (Steps D4 and DS)
was 0.71, #(2) = 8.71, p = 0.0129.

These correlations are similar to those from our
previous study in which risk managers considered
health and safety risks (Morgan et al., 2001), except
that the increase in consistency from initial to final in-
dividual risk rankingsis larger (though not significant)
in the current study.

5.2. Participants’ Evaluations
of Procedures and Rankings

5.2.1. Self-Reported Evaluations

Compared to the midpoints of the response scales
(3 on scales with 0 = not at all and 6 = very much),
participants indicated that they learned from their
groups’ discussions (Steps D4-D6), M = 4.82, t(2) =
20.27, p = 0.0024, but not from completing their ini-
tial individual holistic rankings (Step D1), M = 3.35,
1(2) = 2.34, p = 0.1439. The mean rating for how
much participants learned from their initial individ-
ual multiattribute risk rankings (from Step D2) was
marginally greater than the scale midpoint, M = 3.78,
1(2) = 4.25, p = 0.0511. Similarly, participants indi-
cated that their final individual holistic rankings (Step
D7) were influenced by their groups’ revised rankings
(Step D6), M = 4.21, ¢(2) = 5.80, p = 0.0285, but not
by their initial individual holistic rankings (Step D1),
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M =3.44,12) = 1.01, p = 0.4174, or their initial in-
dividual multiattribute risk rankings (from Step D2),
M =3.55,12) =1.85, p = 0.2059.

On a similar 0-6 scale, participants indicated that
their groups considered and discussed different view-
points and encouraged each member to express his
or her opinion, M = 4.96, (2) = 47.00, p = 0.0005.
However, there was no clear tendency for groups to
resolve disagreements among members in a particu-
lar manner. On a scale with —3 = voting or averaging
and 3 = persuasion and opinion change, the mean re-
sponse was not significantly different from zero, M =
0.71, t(41) = 0.80, p = 0.5099.

Compared to the scale midpoints (0 on scales
with —3 = very dissatisfied and 3 = very satisfied,
for example), participants reported that they were
satisfied with their groups’ decision processes, holis-
tic rankings, attribute importance rankings, multiat-
tribute risk rankings, and revised rankings, all Ms >
1.61, all ts > 4.45, all ps < 0.0470, and indicated that
their groups’ revised rankings represented their con-
cerns well, M = 1.57, t(2) = 7.20, p = 0.0187. Finally,
participants supported using the risk-ranking process
to advise policy both in the fictional county, M = 1.90,
t(2) = 11.09, p = 0.0080, and in real-world decision-
making situations, M = 2.10, #(2) = 22.00, p = 0.0021.
Responses to these eight satisfaction questions were
highly correlated (mean Pearson correlation between
measures = 0.58), indicating that an overall feeling of
satisfaction (i.e., a halo effect) may have influenced
responses. Nonetheless, these encouraging results are
consistent with those reported in our previous work
involving only health and safety risks (Morgan et al.,
2001).

5.2.2. Regression-Based Evaluations

Participants’ implicit satisfaction with the pro-
cedures in our method was assessed using within-
participant regressions. For example, participants’
initial individual revised rankings (Step D3) were re-
gressed onto their initial individual holistic rankings
(Step D1) and their initial individual multiattribute
risk rankings (Step D2). The mean regression coef-
ficients for holistic and multiattribute rankings were
both significantly greater than zero, M(bp;) = 0.62,
1(2) =8.27,p =0.0143, and M (bpy) = 0.38,#(2) =4.45,
p =0.0470, respectively. Three participants stuck with
their holistic rankings, one participant adopted her
multiattribute risk ranking, and 19 participants recon-
ciled the differences between their holistic and multi-
attribute risk rankings in creating their revised rank-
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ings. These results indicate that participants learned
from constructing their multiattribute risk rankings,
and that this new knowledge influenced their revised
rankings. This finding does not contradict partici-
pants’ explicit reports that their initial individual mul-
tiattribute rankings had little influence on their final
individual holistic rankings.

In contrast to the results for participants’ initial
individual rankings, groups did not appear to incor-
porate their multiattribute rankings into their revised
rankings. When groups’ revised rankings (Step D6)
were regressed onto their holistic rankings (Step D4)
and their multiattribute risk rankings (Step D5), the
mean regression coefficients for holistic and multi-
attribute risk rankings were M(bpys) = 0.96, 1(2) =
39.84, p = 0.0006, and M(bps) = 0.04, #(2) = 1.79,
p = 0.2149, respectively. Indeed, one of the three
groups did not revise its holistic ranking at all in light
of its multiattribute risk ranking. It appears that the
usefulness of the multiattribute ranking procedure is
greater in the earlier individual stage than in the group
deliberation stage. There are two potential explana-
tions for this finding. First, refinements to initial in-
dividual rankings on the basis of the multiattribute
procedure may be carried forward and incorporated
into the groups’ holistic rankings, which therefore
need little additional refinement. Second, the exten-
sive discussions and effort devoted to generating the
group holistic rankings may contribute to stronger
support for these rankings than for the initial individ-
ual holistic rankings. These two explanations are not
incompatible.

A similar analysis may be used to assess partici-
pants’ implicit satisfaction with their groups’ revised
rankings. Participants’ final individual holistic rank-
ings (Step D7) were regressed onto their own ini-
tial individual revised rankings (Step D3) and their
groups’ revised rankings (Step D6). The mean regres-
sion coefficient for the initial individual ranking was
not significantly different from zero, M(bp3) = 0.17,
t(2) =2.61, p =0.1205, but the mean regression coeffi-
cient for the group ranking was, M(bpg) = 0.84,1(2) =
18.34, p = 0.0030. In one session, four participants
adopted their group’s revised ranking as their final
individual holistic ranking. No participants reverted
to their own initial individual revised rankings. Ap-
parently, participants were more satisfied with their
groups’ rankings than with their own rankings from
earlier in the day.

Taken together, these self-report and regression-
based measures indicate that participants were sat-
isfied with the ranking processes and results. These
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Table II. Agreement (Mean Pairwise Spearman Correlations
Between Holistic Risk Rankings, Between Multiattribute Risk
Rankings, and Between Revised Risk Rankings)

Rankings Group 1 Group 2 Group 3 Average
Initial individual
Holistic (Step D1) 0.30 0.57 0.29 0.39
Multiattribute (Step D2)  0.56 0.66 0.80 0.67
Revised (Step D3) 0.40 0.59 0.44 0.48
Group
Holistic (Step D4) 0.67
Multiattribute (Step D5) 0.87
Revised (Step D6) 0.71
Final individual
Holistic (Step D7) 0.79 0.97 0.85 0.87

Multiattribute (Step DS)  0.66  0.85 093 081

findings are very similar to those from our earlier
study involving only health and safety risks (Morgan
etal.,2001).

5.3. Agreement Among Individuals
and Among Groups

Mean pairwise Spearman correlations of rank-
ings provide measures of agreement among indi-
viduals and among groups. Results are reported in
Table II.

5.3.1. Agreement Among Individuals Within Groups

For each group, Spearman correlations were com-
puted between individuals’ rankings for all possible
pairs of participants, and those correlations were aver-
aged to create measures of agreement among partic-
ipants within groups. Each of these 15 mean pairwise
correlations (five sets of individual rankings from each
of the three groups) was significantly different from
zero, all 7,,,5 > 0.29, all X%s >24.69, all ps <0.0033 (see
Table II).* The mean pairwise Spearman correlations
between final individual holistic rankings (Step D7),
M = 0.87, were significantly greater than those be-
tween initial individual holistic rankings (Step D1),
M =0.39, t(2) =9.81, p = 0.0102, and those between

4 Mean pairwise Spearman correlations may be tested for signifi-
cance by first transforming them to Kendall’s coefficient of con-
cordance, W = [ryg(m — 1) + 1]/m, where r,, is the mean pairwise
correlation and m is the number of rankings. The result of a sec-
ond transformation, x2 = Wm(n — 1) = [rag(m — 1) + 1](n 1),
where n is the number of items being ranked, is distributed as
xZwithn —1 degrees of freedom. The test based on X% is often
referred to as the Friedman test (Kendall & Gibbons, 1990).
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initial individual revised rankings (Step D3), M =
0.48,1(2) =33.81, p = 0.0009. One explanation for this
increase in agreement is that the group deliberation
process helped participants to correct their miscon-
ceptions about the hazards and come to a common un-
derstanding regarding the relative importance of the
hazards’ characteristics. An alternative explanation
is that the procedures forced participants into agree-
ment. However, strong evidence for participants’
satisfaction with the procedures and the resulting
rankings suggests that the former explanation is more
plausible. Again, these results are similar to those re-
ported by Morgan et al. (2001).

5.3.2. Agreement Among Groups

Spearman correlations were also computed be-
tween groups’ rankings for the three possible pairs of
groups, and those correlations were averaged to cre-
ate measures of agreement among groups. This was
done separately for the holistic, multiattribute, and
revised rankings. Each of these three mean pairwise
correlations was significantly different from zero, all
Tavgs > 0.67,all st >21.14,all ps <0.0121 (see Table I1
and footnote 2). Groups’ revised rankings (Step D6)
of the 10 hazards in DePaul County are shown in
Table III. The mean pairwise Spearman correlation
between these rankings was 0.71, compared to 0.83
for the mean correlation between group holistic rank-
ings in our study of health and safety risks (Morgan
etal.,2001). For reference, the hazards in Table III are
sorted by the risk of death for the average person (i.e.,
expected mortality). The mean Spearman correlation
between groups’ revised rankings and the ranking by
expected by mortality was 0.44, significantly greater
than zero, #(2) =5.71, p = 0.0293. The analogous mean
correlation in our earlier study was 0.71.

Air pollution from electric power and motor ve-
hicle accidents were the only hazards ranked as the
hazard of greatest concern. Genetically modified corn
and recreational motor boating were always the haz-
ards of least concern. Agricultural runoff and inva-
sive species, hazards described as primarily affecting
environmental endpoints, were ranked higher than
food poisoning, a hazard affecting primarily health
and safety endpoints, again suggesting that partici-
pants paid attention to environmental attributes.

Groups’ rankings of the 20 attributes used to con-
struct groups’ multiattribute risk rankings (Step D5)
are shown in Table IV. The mean pairwise Spearman
correlation between these attribute rankings was 0.62,
significantly greater than zero, x2 = 42.61, p = 0.0015



Ecological Risk Ranking 373

Ranking by

Group Revised Rankings
Expected
Hazard Mortality Group1l Group2 Group3 Average?
Air pollution from electric power® 1 1 1 2.5 1
Motor vehicle crashes® 2 2 3 1 2
Road salt and road-salt runoff® 3 6 5 7 6.5
Food poisoning® 4 4 8 8 8
Table III. Group Revised Rankings Recreational motor boating® 5 9 9 9 9
of Hazards Transport of hazardous materials® 6 7 6 4 5
Agricultural runoffd 7 5 2 5 3
Genetically modified cornd 9 10 10 10 10
Invasive speciesd 9 8 4 6 6.5
Land disposal of municipal solid 9 3 7 2.5 4
wasteP
Spearman correlation with 0.58 0.44 0.31 0.44¢
expected mortality
2Group revised rankings were averaged across sessions and reranked.
bEffects on both health and environmental endpoints.
CEffects primarily on health endpoints.
dEffects primarily on environmental endpoints.
¢The average of the Spearman correlations for the three groups, not the Spearman correlation
for the average ranking.
Table I'V. Group Rankings of the Importance of Hazard Attributes
Attribute Groupl Group2 Group3 Average?
Human health and safety impacts
Risk of death
For the average person 1 11 2 3
For the person at highest risk 2 5 3 2
Catastrophic potential 3 1 1 1
Injury and illness
Serious injuries and illnesses 4 12 4 6
Minor injuries and illnesses 9 14 10 10.5
Other factors
Time between exposure and health effects 10 18.5 19.5 16
Scientific understanding and predictability of health effects 7 18.5 9 12
Ability of individual to control one’s own exposure to health and safety risks 5 3 7 4
Environmental impacts
Ecological effects
Habitat affected 17 4 12 10.5
Animals killed or displaced 15 13 13 14
Effects on variety of native species 16 10 16 15
Ecological significance of affected species and habitat 14 9 14 13
Effects on natural processes and cycles 12 8 6 9
Catastrophic potential 8 7 8 7
Aesthetic effects
Changes in landscape appearance 20 16 18 19
Effects on noise, smell, taste, and visibility 19 15 15 18
Other factors
Time between exposure and environmental effects 18 18.5 19.5 20
Duration of environmental effects 11 2 11 8
Scientific understanding and predictability of environmental effects 13 18.5 17 17
Negative effects on the environment’s capacity to provide goods and services to people 6 6 5 5

2Group attribute rankings were averaged across sessions and reranked.
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(see footnote 2). The analogous mean correlation in
our earlier study was 0.35. It is encouraging that in-
dependent groups can achieve this level of agreement
regarding the relative importance of such a large set
of attributes.

Overall, health and safety attributes were judged
more important than environmental attributes. Mean
rankings for health and safety attributes and envi-
ronmental attributes (computed separately for each
group and then averaged across groups) were 7.48
and 12.51, respectively. However, this difference was
largely due to the three mortality attributes, which
were ranked more important than the other five
health and safety attributes, M = 3.22 and M = 10.03,
respectively. Indeed, the three most important at-
tributes in the average ranking were all related to the
risk of death (see Table IV).

There were some differences between groups,
with Group 1 placing the most emphasis on health
and safety attributes and Group 2 placing the most
emphasis on environmental attributes. Even so, each
group ranked two or more environmental attributes
as more important than some health and safety at-
tributes, and four environmental attributes made the
top 10in the average ranking (see Table IV). These at-
tributes were “negative effects on the environment’s
capacity to provide goods and services to people” (av-
erage rank = 5); “catastrophic potential, magnitude
of worst-case effects” (7); “duration of environmental
effects” (8); and “effects on natural processes and cy-
cles” (9). Participants placed less emphasis on species
and habitats, and very little emphasis on aesthetic ef-
fects. These results suggest that participants’ environ-
mental concerns were based on large-scale disrup-
tions of ecological functioning rather than on more
specific effects. Other studies that focused solely on
environmental risks have indicated that aesthetic ef-
fects may be somewhat more important than they ap-
pear in the current study (Willis et al., 2003; Willis &
DeKay, 2003).

6. DISCUSSION

The results in Section 5 provide evidence for the
validity and robustness of the Carnegie Mellon risk-
ranking method and the replicability of the result-
ing rankings. Consistency measures indicate that par-
ticipants and groups had relatively clear definitions
of risk. Self-report and regression-based measures
of satisfaction show that participants were satisfied
with the ranking procedures and results. In particu-
lar, regression results indicate that participants found
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the multiattribute procedure useful when developing
their initial individual rankings, but less so when de-
veloping group rankings. Participants were also sup-
portive of using such a method to advise real-world
risk-management decisions. Agreement among par-
ticipants increased over the course of the ranking ex-
ercise, suggesting that the materials, procedures, and
deliberations helped participants to correct their mis-
conceptions or clarify their values. Overall, these re-
sults are very similar to those observed in our previous
work on health and safety risks.

Developing the risk summary sheets involved
considerable effort in identifying a set of attributes
to describe the hazards’ ecological impacts (Willis &
DeKay, 2003; Willis et al.,2003). In this study, analyses
of groups’ risk and attribute rankings provide insight
into how participants used these environmental at-
tributes. Groups placed more importance on health
and safety impacts (particularly on the risk of death)
than on environmental impacts, but there was some
variation among groups. The most important envi-
ronmental attributes were those reflecting substan-
tial ecological disturbance. Of course, the reported
rankings depend on the sets of risks and attributes se-
lected, the way this information was communicated in
the risk summary sheets, and the people who partici-
pated in this study. Although the rankings are useful
for demonstrating the feasibility of using our method
to rank health, safety, and environmental risks simul-
taneously, these results should not be used to inform
specific risk-management decisions.

The results of this study suggest that compara-
tive risk assessments should include information on
at least some important environmental attributes of
hazards. Although participants in this study appeared
to pay little attention to attributes related to aesthet-
ics, other studies of ecological risk perception reveal
that aesthetic considerations may be significantly re-
lated to riskiness judgments (Willis & DeKay, 2003;
Willis et al., 2003). At this time, it would be prema-
ture to exclude such attributes from comparative risk
assessments simply because the groups in this study
did not find them important. It may be best to include
a broad set of attributes, similar to the set used in
our risk summary sheets, so that all participants will
be able to make risk judgments that reflect their full
range of concerns.

The ranking method presented here was designed
to determine the public’s concerns about hazards
for the purpose of informing risk-management deci-
sions. We believe that the method is most appropriate
(and most likely to succeed) when there is a genuine
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motivation to achieve this goal. The method is not
expected to be immune to the difficulties faced by
other stakeholder participation processes when risk-
management issues are highly politicized or linked
to broader agendas that have little or nothing to do
with the specific risks at hand. Complications could
also arise in real-world applications if the organiza-
tion preparing the risk summaries and conducting the
ranking procedures is not viewed as neutral, honest,
and trustworthy.

Another potential limitation is that the underly-
ing science may not be adequate for all of the hazards
considered. This concern is relevant to all compar-
ative risk projects, not just those using the method
presented here. A distinct advantage of the current
method is that it makes the level of scientific uncer-
tainty evident to the participants in two ways: by pre-
senting a range of estimates for quantitative attributes
and by summarizing this information in a pair of at-
tributes for “scientific understanding and predictabil-
ity” (one for health and safety effects and one for en-
vironmental effects). Being explicit about the quality
of the science is important because it is usually neces-
sary to make risk-management decisions on the basis
of imperfect knowledge.

Finally, it is reasonable to ask how the method
presented here might fare in an application with many
more participants, hazards, or attributes. The number
of participants does not present a serious problem.
Although there is some practical limit on the number
of participants in each group (in our experience, six to
eight participants per group seems about right), there
is no such limit on the number of groups that can
be convened. For example, our studies of health and
safety risks in the Centerville Middle School test bed
involved more than 200 participants in over 40 groups
(Morgan et al., 2001). Using multiple small groups to
perform rankings helps to ensure that the results are
representative of the public’s concerns, and not those
of a few persuasive or charismatic individuals. The
level of agreement (or disagreement) among group
rankings can be assessed using procedures similar to
those in Section 5.3.2.

Regarding the number of hazards, we note that
we have conducted numerous ranking sessions using
a larger set of 22 health and safety hazards in the
school test bed (DeKay et al., 2001). In practice, the
ranking procedures begin with a coarse evaluation of
each risk (e.g., three piles for risks of low, medium,
or high concern), followed by more focused compar-
isons involving two or three risks at a time. Because
participants are not required to keep all of the risks in
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mind simultaneously, increasing the number of risks
does not require major changes in the ranking proce-
dures, provided that adequate time is allowed for the
full consideration of all risks. Even so, there may be
some upper limit on participants’ tolerance for mak-
ing detailed risk comparisons. When time or other
resources are in short supply, it may be wise to use
broader risk categories in order to reduce the number
of risks that participants must consider (Morgan et al.,
2000).

The constraint on the number of attributes may
be more serious. Even though the ranking method is
designed to focus participants’ attention on those at-
tributes that they think are most important, we believe
that participants would have difficulty working with
more than about 20 attributes. The empirical work
cited in Section 2.2. suggests that the attributes used
in this study provide an excellent basis for describing
the health, safety, and environmental effects of haz-
ards. However, if quality-of-life considerations (e.g.,
the social effects of diseases or crimes) are to be incor-
porated into a comparative risk assessment, the cur-
rent set of attributes may need to be trimmed to make
room for new attributes that capture these aspects of
hazards (just as we trimmed our original list of health
and safety attributes to make room for environmental
attributes in this study).

Notwithstanding the limitations noted above, po-
tential applications of this risk-ranking method ex-
ist in a variety of domains and at various geographic
scales. The method could be used for a countywide
risk assessment, as in our test bed, or it could be used
to evaluate risks to workers and the public from a
single industrial facility. On a larger scale, rankings
could be elicited as input to a corporationwide risk as-
sessment or an agencywide prioritization of resources
for hazard management. Ultimately, the applicability
and limits of this ranking method can be assessed only
through actual field implementations. We encourage
others to use this risk-ranking method and the princi-
ples on which it is based when evaluating risks in such
situations.

7. CONCLUSIONS

High levels of consistency between rankings
based on different procedures, high levels of satis-
faction with the processes and the resulting rankings,
and high levels of agreement among individual par-
ticipants and among groups suggest that this deliber-
ative method can produce rankings of health, safety,
and environmental risks that are suitable for use as
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input to public risk-management decisions. Although
groups placed more weight on health and safety at-
tributes than on environmental attributes, they also
considered attributes reflecting significant environ-
mental impacts to be important. To ensure that the
public’s values can be well represented in future com-
parative risk projects, hazards should be described
with a comprehensive set of attributes in clear, con-
cise, and consistently formatted materials such as
those used in this study.

APPENDIX

The following attribute definitions are abbrevi-
ated versions of those that appear in the “Notes on
the Numbers” pamphlet. All of these attributes ac-
count for impacts that occur within the county and, if
relevant, impacts that occur outside the county as a
result of sources within the county.

Human Health and Safety Impacts

1. Risk of death for the average person. This at-
tribute is the average annual risk of death for a ran-
domly chosen person in DePaul County (or a larger
geographic area, if relevant) as a result of the given
hazard. The expected number of deaths per year is
simply the risk of death multiplied by the population
of the county (or the population of the larger area,
if relevant). Values range from 0 to 240 in a million
(0 to 21 deaths per year).

2. Risk of death for the person at highest risk. This
attribute is the average annual mortality risk for the
person at highest risk. Risk levels could be heightened
both by exposure and susceptibility, but susceptibil-
ity information is not readily available. Therefore, we
consider the most exposed person. Values range from
0 to 3,000 in a million.

3. Catastrophic potential, greatest number of
deaths in a single event. Some of the hazards in
DePaul County kill only one person at a time. Oth-
ers can kill a group of people all at once. This at-
tribute represents the greatest number of lives that
could plausibly be lost in a single event involving the
given hazard. Values range from 0 to 100-300 deaths.

4. Number of serious injuries and illnesses per
year. Serious injuries and illnesses are those that re-
quire hospitalization, regardless of the duration of
the condition. Examples include the loss of a limb,
blindness, nonfatal cancer, disfiguring burns, perma-
nent damage to organs, meningitis, pneumonia, severe
allergy attacks, compound bone fractures, and severe
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food poisoning. Values range from 0 to 35 cases per
year.

5. Number of minor injuries and illnesses per
year. Minor injuries and illnesses are those that might
require medical treatment, but not hospitalization.
Examples include the flu, ankle sprains, and simple
bone fractures. Values range from 0 to 18,000 cases
per year.

6. Time between exposure and health effects. For
hazardsin DePaul County, the time between exposure
and the onset of health effects ranges from immediate
to 30 years.

7. Scientific understanding and predictability of
health and safety effects. This attribute indicates how
well scientists know the relationships between expo-
sure and health effects for the given hazard, and how
predictable those effects are. Ratings on these two
components are combined to yield attribute levels
of low, somewhat low, medium, somewhat high, and
high.

8. Ability of individual to control one’s own ex-
posure to health and safety risks. Some hazards that
people encounter can be avoided partly or entirely
by actions that individuals can take on their own. For
instance, people not wishing to incur risks from recre-
ational boating can choose not to ride in a boat. Con-
trollability is characterized as low, medium, or high.

Environmental Impacts

9. Habitat affected. This attribute indicates the
extent of the ecological and aesthetic impacts of an ac-
tivity or environmental stress in terms of the amount
of plant and animal habitat affected. Because the ef-
fects of hazards are not confined by political bound-
aries, the amount of habitat affected by some hazards
far exceeds the land area in DePaul County. For ex-
ample, air pollution from a power plant can travel
across and affect many counties and states. Values
range from 0 to 310,000 acres (487 square miles).

10. Number of animals killed or displaced. Ac-
tivities and environmental stressors can affect birds,
fish, and mammals that live in DePaul County. This
attribute reflects how many animals are killed or
forced to find new habitat because of the given hazard.
Hazards that do not kill or displace animals are scored
as affecting none or almost none; those that do are
scored as affecting few or many.

11. Effects on variety of native species. Native
species variety is defined in terms of the number and
relative abundance of native plant and animal species
found in DePaul County. This attribute reflects the
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magnitude of changes in the variety of species that
have historically been found in the county. Values of
none or almost none, small, medium, or large repre-
sent hypothetical consensus judgments by ecology ex-
perts, based upon species and population counts in the
county.

12. Ecological significance of affected species and
habitat. Ecological significance can be based on the
rarity or uniqueness of the species or habitat, the po-
sition of the species in the food web, or the charac-
teristics of the habitat that is affected. Values of none
or almost none, low, medium, or high represent hy-
pothetical consensus judgments by ecology experts
regarding the significance of the affected species and
habitat.

13. Impacts on natural processes and cycles.
Many interconnected processes and cycles character-
ize an ecosystem. Cycles involve the processing of
materials and energy in the environment. Population
processes (e.g., the food web and natural selection)
involve the regulation and evolution of plant and ani-
mal species over time. Values of none or almost none,
low (should have been small), medium, or large rep-
resent hypothetical consensus judgments by ecology
experts regarding the magnitude of effects on these
processes and cycles.

14. Catastrophic potential, magnitude of worst-
case environmental effects. All other attributes re-
flecting environmental impacts refer to the most likely
outcome. This attribute indicates the magnitude of im-
pacts for the worst-case scenario for the given hazard.
Catastrophic potential is characterized as none or al-
most none, small, medium, or large, relative to the set
of hazards considered.

15. Changes in landscape appearance. Scores are
based on a hypothetical poll of county residents in
which each person was asked to evaluate the effect of
the given hazard on landscape appearance. Hypothet-
ical responses on a S-point scale with —2 = large nega-
tive and 2 = large positive were averaged, and the pos-
sible minimum and maximum values were rescaled
to —10 and 10, respectively. The words large negative,
negative, small negative, and little or no change are as-
sociated with the resulting values, as appropriate (no
hazards scored higher than +1).

16. Effects on noise, smell, taste, and visibil-
ity. Scores are based on a hypothetical poll of county
residents in which each person was asked to evaluate
the effects of the given hazard on these dimensions.
Hypothetical responses were averaged across ques-
tions, and rescaled using the same procedure as that
used for changes in landscape appearance.
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17. Time between exposure and environmental
effects. For hazards in DePaul County, the time be-
tween exposure and the onset of environmental ef-
fects ranges from immediate to 50 years.

18. Duration of environmental effects. This at-
tribute indicates the hypothetical consensus judgment
of ecology experts regarding the length of time nec-
essary for the environment to fully recover from eco-
logical and aesthetic damage resulting from the given
hazard. This judgment assumes that the activity or
stress is stopped, but that no clean-up or restoration
activities take place. For example, in the case of in-
vasive species, the judgment assumes that no further
invasive species are introduced, but that previously
introduced species are not removed. Values for this
attribute range from 0 to unlimited.

19. Scientific understanding and predictability of
environmental effects. This attribute indicates how
well scientists know the relationships between ex-
posure and environmental effects for the given haz-
ard, and how predictable those effects are. Ratings on
these two components are combined to yield attribute
levels of low, somewhat low, medium, somewhat high,
and high.

20. Negative effects on the environment’s capacity
to provide goods and services to people. This attribute
reflects the extent to which the given hazard decreases
the availability of goods and services provided by
the environment (e.g., agricultural products, recre-
ational opportunities, or scientific knowledge). Gains
in goods and services associated with the hazard are
not considered. For example, this assessment would
include the decline in fishing opportunities resulting
from the ecological effects of recreational boating, but
would not include the positive contribution to recre-
ation provided by boating. Negative effects are char-
acterized as none or almost none, small, medium, or
large.
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