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Abstract
The radiation protection authorities have seen a need to apply multi-attribute risk
analysis in the nuclear emergency management and planning processes to deal with
the conflicting objectives, different parties involved and uncertainties. This type of
an approach is expected to help in at least the following three areas; to ensure that
all the relevant attributes are considered in the decision making, to enhance
communication between concerned parties including the population, and to provide
a method for including risk analysis explicitly in the process. A MAUT analysis
was used to select a strategy for protecting the population after a simulated nuclear
accident. A value-focused approach and the use of a neutral facilitator were seen as
very useful.

1 Introduction
The Chernobyl nuclear accident above all has focused attention on the need for
better structured and coherent procedures for decision-making on protective
actions in nuclear emergency management. A nuclear accident develops fast, has
major impacts on the environment and society, and is the subject of highly
emotional feelings and beliefs among the public.

Decisions on countermeasures are not only driven by the need to avert dose caused
by radiation to the population but are complex and multi-attribute problems
involving, for example, monetary costs and socio-psychological factors, such as
stress and anxiety. These decisions have far reaching consequences, but often have
to be taken under severe time pressure and conditions of uncertainty.

The radiation protection authorities have therefore seen a need to apply multi-
attribute risk analysis in the nuclear emergency management and planning
processes to deal with the conflicting objectives, different parties involved and
uncertainties that are inherent in such complex decisions. This type of an approach
is expected to help in at least the following three areas; to ensure that all the
relevant attributes are considered in the decision making, to enhance
communication between concerned parties including the population and to provide
a method for including risk analysis explicitly in the process. This paper discusses
some work that has been done on this subject
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Using decision analysis techniques in nuclear emergency management and related
areas such as energy policies is not a new concept. For previous work in this field
see for example [4], [9], [10], [11] or [12]. [13], [14]. [15], [16], [17], [18], [19]
and [20] are examples of work in the energy policy field.

This paper is structured as follows. First there is a discussion about using decision
analysis in nuclear emergency management. Seven propositions are made. In the
following section a set of case studies is examined and each proposition is tested.
The paper ends with a discussion about the main results and needs for further
research.

2 What Multi-Attribute Risk Analysis Can Do For
Nuclear Emergency Management
Multi-attribute risk analysis is a structured approach to decision making that
employs systematic analyses that give the decision makers a better understanding
of the problem and thus facilitates a better informed choice. The methodology of
decision analysis can be summarised with four decomposed steps [21]. 1) Structure
the decision problem, 2) Assess possible impacts of each alternative, 3) Determine
the decision makers' preferences (values) and 4) Evaluate and compare
alternatives. For a more thorough description of fundamental decision analysis
theory, see for example [5], [7], [8], [22] or [27].

The structured and systematic approach of multi-attribute risk analysis helps the
decision makers through all phases of the decision making process in a logical and
efficient manner. The methods include techniques for finding suitable alternatives
to consider, i.e. countermeasure strategies. By using value trees the decision
makers are assisted in considering all factors that have an impact on the decision.
Not only the averted dose and cost, but also the socio-psychological, and other
factors. This leads us to proposition one.

Proposition I: The structured approach of multi-attribute risk analysis will ensure
that the decision makers consider all relevant factors.

Perhaps the greatest advantage of using multi-attribute risk analysis is that it
includes the underlying values explicitly in the decision making process. The value
tree states which factors the decision makers considers important and the given
preference statements show how important each factor is relative to the other.
When constructing the value tree the decision makers have to think about which
factors are important when deciding on countermeasures. At a later stage the
decision makers are asked to explicitly consider the necessary trade-offs and
choose between them. Thus the whole decision making process is done from a
value based approach.

Proposition 2: Multi-attribute risk analysis ensures that the decision makers'
values are explicitly included in the analysis.

Decisions on countermeasures after a nuclear accident are plagued with
uncertainties, for example on how severe the accident was, what the weather will
be, how the population will react, etc. It is necessary to consider these risks
explicitly and multi-attribute risk analysis can assist in that. Otherwise there is a
risk that the decision makers will implicitly add "safety margins" at several stages
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of the process, thus adding up to an "overkill". This is especially likely if there are
several levels in the decision making hierarchy, with each group giving advice to
the following level. Such as is common in nuclear emergency management, i.e.
experts groups, management level, and political decision makers.

Risk attitudes determine the acceptable risk levels and sensitivity analyses reveal to
the decision makers how small changes in the assumptions or data will affect the
end result. Both leave explicit statements that can be assessed or modified at later
levels.

Proposition 3: Multi-attribute risk analysis ensures that the risks and uncertainties
inherit in nuclear emergency management are explicitly dealt with and also

provides a framework for including uncertainties analytically in the analysis.

A type of generic value tree can be shown to the decision makers in the beginning
of the process to help them pick out the relevant factors in that particular situation
and to construct a suitable value tree. After a nuclear accident there is often very
little time to make far reaching decisions on what countermeasures to employ.
Using pre-structured value trees is a way to save valuable time. By having a list of
pre-defined attributes the decision maker can quickly choose the relevant ones for
that particular accident scenario and continue from there, confident that all
important factors are included. Other parts of the analysis can also be pre-defined
such as suitable risk attitudes, so that the decision maker can be provided with a
starting point from which to proceed by making the necessary modifications in the
suggested lists

Proposition 4: In emergency management multi-attribute risk analysis provides the
possibility to use pre-defined value trees or preference sets in the analysis. This
helps the decision maker to quickly zero in on the crucial aspects and thus saves

valuable time.

The use of a neutral facilitator, familiar from decision conferencing, can be
beneficial to the decision making process in nuclear emergency management. An
outside facilitator familiar with decision analysis techniques can help the decision
makers in many ways. His experience with complex decision making situations can
steer the group to the relevant aspects and help them avoid typical pitfalls in the
process. For example to avoid "group think" and biases caused by the group
consisting mostly of radiation and nuclear experts. A facilitator can ensure that all
phases of the decision making process are thoroughly examined, all relevant
factors includes and that a well-founded decision is reached in the limited time
available.

Proposition 5: The use of a neutral facilitator will speed up the decision making
process and help ensure that a well-founded decision is reached in the limited time

available, while still going through all the necessary stages of the process.

Decisions on nuclear emergency management affect large portions of the
population and thus have important social and political impacts. The decisions
taken need to be explained and justified and will be subject to scrutiny for long
afterwards. Using decision analysis techniques will aid in this process by providing
transparent decision making. From the alternative countermeasures considered, the
value trees used, and the preference statements given the basis for the decisions can
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be found. The weighted weighing of positive and negative consequences of each
alternative will provide a way to explain the actions taken and the actions omitted.

Proposition 6: Multi-attribute risk analysis provides transparent decision making,
which will help in explaining and justifying the decision afterwards.

Decisions on countermeasures after a nuclear accident are usually taken by a group
of decision makers. The issues are complex and participants from different areas of
expertise come together and are required to find the right countermeasure strategy.
Effective and clear models for communication are thus needed. The structured
approach of multi-attribute risk analysis will provide the group of decision makers
with a common framework from which to attack the issues. By asking to define
each factor in the analysis and by following a logical sequence of analyses multi-
attribute risk analysis enhances the communication between the concerned parties
and minimises the risks for misunderstandings and confusion.

Proposition 7: The structured approach of multi-attribute risk analysis will provide
the group of decision makers with a common framework from which to discuss the

problem.

In conclusion, using multi-attribute risk analysis makes for a controlled process of
decision making. The methods ensure that the decision makers consider all aspects
of the problem and explicitly bring forward their values and preferences. It is often
these deliberation processes that bring the greatest gain from using a structured
decision analysis approach.

3 Case Study: Early Phase Protective Action After a
Nuclear Accident
A series of decision conferences on nuclear emergency management were
organised in Finland in the autumn of 1997 as part of the RODOS project. See [14]
for a full report on the conferences and for example [6] for more information on
the RODOS project.

The decision conferences were held on the development of an early phase
countermeasure strategy for protecting the population after a simulated nuclear
accident. Two simulated nuclear accident cases were used and altogether four
meetings were organised. The meetings were attended by national competent
safety authorities and technical experts as decision makers. In the first accident
scenario no uncertainties were used, but in the second case uncertainty about the
release was included and the 5%, 50%, and 95% release fractiles were calculated
and used to define three possible accident scenarios.

These conferences focused on urgent protective actions, i.e. iodine prophylaxis,
sheltering and evacuation. The primary approach was to utilise the RODOS system
and to study and develop the applicability of decision support systems for different
situations. In the early hours of an accident there is hardly time to model the
decision to be taken; rather the decision has to be based on intervention levels
studied and considered beforehand and on guidance given by a decision support
system. How this modelling should be done and what factors are important was
analysed in the conferences. Whether to use prestructured value trees or other types
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of shortcuts was another issue that was studied. In the later phase of an accident,
however, there is time and need to perform more extensive analyses.
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Figure 1 Preliminary value tree constructed in a brainstorming session. It includes
all possible factors that might need to be considered.

In the first session a generic value tree was constructed using a brainstorming
approach (see Figure 1). This value tree should contain all factors that at one point
or another should be considered in the decision making process on
countermeasures after a nuclear accident. At this point no thought was given to the
relative importance of the factors, which is the reason why the tree is rather large.
However, although a pruned value tree was later used in the actual analysis, this
type of tree helps in ensuring that no significant factor is omitted. It can also be
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used afterwards to show which all factors were considered in the process, that is,
also those factors that later were dropped as having no significant impact on the
decision. In the second accident case the value tree in Figure 2 was used in the
final analysis. As can be seen only six attributes were used in the final value tree to
cover the significant impacts of the countermeasures.

A majority of the participants felt that this type of approach helped them consider
more aspects of the problem than usually (see [14] for a more detailed analysis of
the participants' opinions and thoughts), which thus gives support to Proposition 1.
Especially the use of a generic value tree from which the significant factors were
picked helped raise confidence in the analysis. The participants also felt that
prestructured accidents scenarios could be used to save time and to help
concentrate on the important issues. Prestructured preference sets were, however,
seen as more problematic. (Proposition 4)

r Thyroid '
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I Psychological
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Overall ~ \ effects

Costs
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Figure 2 Final value tree used in the second conference.

In the conference five different countermeasure strategies were constructed and
analysed. The impacts of each strategy on each attribute is in Table 1.

• Strategy 0: No additional countermeasures taken.
• Strategy 1: Intake of iodine tablets and sheltering in Rauma - a city of 30,000

inhabitants within the 20 km zone.
• Strategy 2: Implement sheltering in Rauma and the closest areas around the

city. Intake of iodine tablets almost all the way down to Turku, i.e., 100 km
away from the site.

• Strategy 3: Implement sheltering in the same areas as in Strategy 2, but intake
of iodine tablets in all areas affected by the accident, i.e., including both the
cities of Turku and Tampere, for example.

• Strategy 4: Evacuate Rauma after the cloud has passed the area. Sheltering
was implemented and iodine tablets taken during the plume passage.

The weights for the attributes were elicited both with the SMART technique and
with the Trade-off method (see [27] and [22] for details on the methods). The
resulting weights from both methods are set out in Table 2. In the table is also
included a case, where only the 95% fractile (i.e. worst case scenario) was used.
The resulting rankings when using the SMART method are in Figure 3. The

202



ranking for the worst case scenario is in Figure 4. As can be seen from the Figures
considering only the worst case scenario will lead to much higher scale of
intervention.

Table 1. The impacts of each strategy on the different attributes in the second
phase of the decision conferences. All three fractiles are considered.

Attribute

Health
Thyroid cancer

Other cancers

Unit

number of

cancer

incidents

number of

cancer

incidents

Socio-Psychological

Positive effects

Negative effects

Costs

Political cost

no change -

very positive

(0-100)

no change -

very negative

(0-100)

MECU

MECU

MECU

no change -

very negative

(0- 100)

5%

50%

95%

5%

50%

95%

5%

50%

95%

5%

50%

95%

5%

50%

95%

5%

50%

95%

Strategy 0

0

20

240

0

22

320

0

0

0

40

70

100

0

2.0

27.7

30

65

100

Strategy 1

0

5

50

0

20

286

100

75

50

0

40

80

1.6

3.1

23.9
0

40

80

Strategy 2

0

2

20

0

20

288

10

50

90

90

50

10

2.2

3.8

24.3

0

40

80

Strategy 3

0

2

20

0

20

286

10

45

80

80

45

10

2.2

3.8
24.1

20

30

40

Strategy 4

0

4

40

0
12

204

0

40

80

50

35

20

160.3

160.8

176.3

80

50

20

Alternative
Strategy 0
Strategy 1
Strategy 2
Strategy 3
Strategy 4

Utility
0.566
0.743
0.753
0.783
0.722

• Costs H Other cancers 81 Political cost
H Soc.-Psych Negative^ Soc.-Psych Positive • Thyroid cancer

Figure 3. Ranking of strategies with SMART.

Alternative
Strategy 0
Strategy 1
Strategy 2
Strategy 3
Strategy 4

Utility
0.043
0.431
0.636
0.762
0.781

I Costs
I Soc.-Psych Negative

Other cancers i
Soc.-Psych Positive I

Political cost
Thyroid cancer

Figure 4. Ranking of strategies for the 95% fractile case.
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Table 2. The weights given in the second phase of the decision conferences. The
values given in parenthesis and in the last column refer to an elicitation where only
the worst scenario was considered.

Attribute

Thyroid cancer

Other cancers

Positive effects

Negative effects

Costs

Political cost

Worst Level

240

320

0

100

180

100

Best Level

0(20)

0(204)

100

0

0(30)

0

SMART

0.328

0.262

0.016

0.098

0.033

0.262

Trade-ofT

0.210

0.105

0.030

0.101

0.050

0.504

SMART 9 5 %

0.400

0.120

0.040

0.080

0.040

0.320

The general impression from the conferences is that the decision-makers were not
totally comfortable with this type of formal approach. Many had problems in
understanding both the procedures and the modelling tools. The participants were
not completely confident with the weighting of the attributes, although they did
feel that value trade-offs were needed when making the decision (Proposition 2).
But we should remember that only a few hours were spent on the issues. The fact
that much progress was made even during this short period of time is quite
encouraging.

In the second phase of the decision conferences uncertainties were included and
studied. The general finding was that this is a very difficult subject and that the
incorporation of probabilities is problematic. In the conference there was a
tendency to ignore the other scenarios and only concentrate on the 95% fractile,
which was probably due to the fact that the participants were not able to assess all
fractiles simultaneously. The participants were not familiar with utility theory and
were thus not able to fully use it. These findings are similar to those found at
earlier conferences [1]. However, the participants did feel that it is very important
to consider the risks explicitly and that the multi-attribute risk analysis approach
provides a useful framework to be used in this type of context (Proposition 3).

Looking at the results, an observation can be made. The impact on cancer and costs
in Table 1 is in many cases the same regardless of what strategy is chosen: strategy
0 is worst in terms of thyroid cancer and strategy 4 in terms of costs, but the
remaining strategies score about the same on the cost and cancer attributes.
Consequently, their ranking will be solely based on how well they score on the
other attributes, e.g., political costs. Nevertheless, most of the discussion
emphasised the cancer attribute and it also received a lot of weight in the analyses.
But how is it that the cost and cancer attributes cannot discriminate between
strategies 1, 2 and 3? The reason for this finding is, on one hand, the sparse
population density and hence very few cancer cases in the area where the plume
hits after Rauma and, on the other hand, the cheapness of iodine prophylaxis:
neither by increasing the shelter area nor the stable iodine target group is it possible
to reduce the few cancer incidents expected within this scattered settlement area.
And no additional costs incur in our model even though iodine is administered,
instead of to 40,000 people (Strategy 1), to over 1 million (Strategy 3).

This type of problem might easily occur when the range of possible
countermeasure strategies is wide. Then the worst options will be screened out, but
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the analysis will have difficulties in discriminating between the potential choices.
A solution to this problem could be to use an iterative process. That is, first a rough
analysis would be use to screen out the worst alternatives and then a refined
analysis would look closer at the remaining suitable strategy candidates.

The participants were not that familiar with multi-attribute risk analysis, so having
an expert facilitator lead the conferences was necessary. But the participant also
felt that a neutral facilitator would be beneficial in any case. To keep the
discussions on track and to ensure that the appropriate steps were taken in the right
order to reach a well-founded decision. (Proposition 5)

When asked how important it is to be able to explain and justify the decision
afterwards, the participants unanimously felt it very important. A majority also felt
that multi-attribute risk analysis provides transparent decision making that can be
used for this purpose. (Proposition 6)

Throughout the conferences a lot of time was spent on defining factors and
wordings. There is a clear need to define the attributes in advance so that the
persons involved understand their meaning. Some of the attributes used in this
analysis were too vague. For example, the distinction between the socio-
psychological attribute and the political cost attribute was not all that clear. This
became even more evident when the impacts were to be evaluated.

There should also be a clear understanding of the countermeasures. Issuing iodine
tablets was considered, but to whom? Can the tablets be taken only by children and
will the adults comply with this? Furthermore, in Finland residential units are
obliged to keep iodine tablets and small households are encouraged to purchase
tablets. In a real situation, however, not all people may find them and the
effectiveness of iodine prophylaxis could therefore be quite low. Also, other
countermeasures need further examination in terms of their feasibility.

All in all the conferences show how vital it is to have a clear and common
framework for discussing the problem. Explicitly defining the attributes,
alternatives and other factors will reveal, as in this case, were there might be
problems in understanding and what is till missing. The participants felt that the
multi-attibute risk analysis approach helped them communicate with the others and
include all opinions in the process. (Proposition 7)

Decision conferencing is certainly useful in the later phases of an accident, when
there is time to model the situation. Then also different stakeholders will take part
in the decision process. In contrast, the decision conferencing approach taken in the
conferences in this study is meant to be adopted in the early phases of an accident.
Since time is curtailed then, a common understanding and acceptance of the
decision analysis procedures is a prerequisite. All in all the results from this study
are promising. Further meetings, however, have to be organised in order to deepen
insight into the features of the decision-making process in the early phases of an
accident and to familiarise decision-makers with decision analysis techniques. And
more research is needed on how to implement decision conferencing in nuclear
emergency management.
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4 Discussion
As previously mentioned this case study showed that the participants felt multi-
attribute risk analysis can enhance decision making on nuclear emergency
management. This type of approach was however novel to many of the participants
and more training is needed to familiarise the decision makers with these tools.
One of the conclusions to be made is that when using multi-attribute risk analysis
in nuclear emergency management there needs to be sufficient understanding of
the decision modelling literature in order to be able to avoid behavioural and
procedural biases.

When comparing the Propositions made in section 2 with the findings in section 3
the following conclusions can be drawn.

• Proposition 1, 5, 6, and 7 were fully supported by the findings.

• Proposition 2 and 3 were supported by the findings, but the unfamiliarity of
the techniques makes it difficult to judge the results. The issues addressed by
these two propositions were seen as very important, but there was a reluctance
to use the techniques offered. How much of this reluctance is due to the
unfamiliarity of the techniques and how much is actual objection to the
appropriateness of them is something that needs to be examined in further
studies.

• Proposition 4 was only partly supported. The participants felt that hard,
objective factors can be predefined. Such as value trees or accident scenarios.
But there was a clear objection to predefining preference sets or risk attitudes.
The participants felt that each situation is unique and that predefined
preferences might cause inferior countermeasure strategies to be employed.

Finally a few points about using multi-attribute risk analysis in nuclear emergency
management.

In the early phases of an accident a decision has to be taken very quickly. This
means that the procedures for making the decision have to be fast and up to the
point. Especially when there is so little time available the procedures have to be
closely adapted to the intended user. Unnatural decision-making procedures are not
likely to be followed under time stress. No matter what features are designed into a
system, the users will adapt the systems to their needs and resist or even refuse to
use the system if it does not meet their expectations and demands [3], [23], [26].

In addition there are also official regulations and procedures that need to be
followed. Thus certain adjustments will be needed to the standard multi-attribute
risk analysis to customise it to the requirements of nuclear emergency
management. A more thorough understanding of the decision making process and
parties involved is needed.

It should be mentioned that this type of setting assumes a single decision point. In
reality, as was pointed out during the conferences, the decisions could be made
very well in a sequential manner. For example, first warn the public, then wait to
discover how serious the accident is, and then, if necessary, employ stricter
countermeasures. This type of approach was not allowed here, but should be
considered in the future.
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The value tree was fairly easily constructed. An agreement was quickly reached on
the factors to be included and on those to be eliminated. The preliminary value tree
acted as a guide for finding a suitable final version. However, when comparing the
value trees used in the different exercises, it can be seen that they changed from
exercise to exercise. This is only partly due to the fact that different value trees are
needed for different scenarios. It is also an indication that the choice of attributes
was not always obvious. More research is needed to find out what attributes to
include and how a generic tree could be constructed. At this point it should be
remembered that the format of the value tree can effect the weights. On how
varying the value tree affected the weights in an evaluation of nuclear waste
disposal sites see for example [2], [24] and [25].

All in all it can be concluded that multi-attribute risk analysis can assist nuclear
emergency management in several ways.
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