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Abstract

Environmental emergency situations can differ in many ways, for instance according to their causes and the dimension of their
impacts. Yet, they share the characteristic of sudden onset and the necessity for a coherent and effective emergency management.
In this paper we consider decision support in the event of a nuclear or radiological accident in Europe. RODOS, an acronym
for real-time on-line decision support system, is a decision support system designed to provide support from the early phases
through to the medium and long-term phases. This work highlights the role of multi-criteria decision analysis (MCDA) within
RODOS in ensuring the transparency of decision processes within emergency and remediation management. Special emphasis
is placed on the evaluation of alternative remediation or countermeasure strategies using the multi-criteria decision support tool
Web-HIPRE in scenario focused decision making workshops involving different stakeholder and expert groups. Decision support
is enhanced by a module that generates natural language explanations to facilitate the understanding of the evaluation process,
therefore contributing to the direct involvement of the decision makers, with the aim of increasing their confidence in the results
of the analyses carried out, forming an audit trail for the decision making process and improving the acceptability of the system
as a whole.
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1. Introduction

Emergency situations, both man-made and natural,
necessitate a coherent and effective emergency man-
agement involving complex decisions. Many conflict-
ing objectives must be resolved and priorities must be
set while the various perspectives of many stakeholder
groups must be brought into some form of consensus.
Multi-criteria decision analysis (MCDA) can help to
ensure transparency during the decision making process
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[1–5]. In particular, the evaluation of long-term remedi-
ation strategies after a nuclear or radiological accident
can benefit from operationally applicable multi-criteria
methods and evaluation techniques to guide and sup-
port the decision makers (DMs) in the decision making
process.

Nuclear emergency management is different to
emergency preparedness and management which often
involve contingency plans or checklists that have been
prepared in advance and are more or less regularly uti-
lized in emergency exercises. On the one hand, nuclear
emergencies and their resulting far-reaching conse-
quences are more complex. On the other hand, they
are less known due to their fortunately low frequency
of occurrence. Devising a contingency plan for nuclear
emergencies that covers all imaginable eventualities
is an impossible task, which highlights the need for a
flexible system providing guidance and support for the
team faced with the difficult job of managing a nuclear
emergency.

In this paper the focus is on decision problems in
the context of remediation management in the later
phases after a nuclear or radiological emergency in
Europe. One system that offers comprehensive support
in managing nuclear or radiological incidents is the
real-time on-line decision support system RODOS (see
Section 2). In order to focus on the needs of the deci-
sion making process, the evaluation tool Web-HIPRE,
a Java-based software for decision analytic problem
structuring, multi-criteria evaluation and prioritization
[6–8], was recently integrated into RODOS providing
support in transparently and coherently evaluating the
overall efficacy of possible countermeasure and reme-
diation strategies [2,9] (see Section 3). Furthermore,
an “Explanation Module” [10,11], which offers the
possibility to generate natural language reports that
explain the results of the decision analysis and more-
over form an audit trail, has been implemented into
Web-HIPRE (see Section 4). The new evaluation tool
in RODOS has been tested in a series of workshops
across Europe to demonstrate its capabilities and to
gather feedback whether or not such a tool could be
applied in the decision making process in nuclear
emergencies. Another aim of the workshops was the
identification of (technically and socially) feasible
countermeasure and remediation strategies and relevant
decision criteria. Section 5 deals with the combination
of MCDA and moderation techniques in such a deci-
sion making workshop. Furthermore, the hypothetical
case study which was used in a German workshop, the
course of action and selected results are described in
this section. Finally, Section 6 summarizes the main

results and indicates future research needs in this
area.

2. The real-time online decision support system
(RODOS)

The RODOS system is designed to provide con-
sistent and comprehensive information in the event
of a nuclear or radiological accident in Europe (see:
www.rodos.fzk.de). After the nuclear accident from
Chernobyl in 1986, the development of RODOS
became one of the major items in the area of radiation
protection of the European Commission’s Framework
Programs [12–15]. The support provided by RODOS
ranges from largely descriptive reports, such as maps
of the predicted, possible and, later, actual contam-
ination patterns and dose distributions, to a detailed
evaluation of the benefits and drawbacks of various
countermeasure strategies and their ranking according
to the societal preferences as perceived by the DMs
[12,13,15]. The system is characterized by its concep-
tual architecture which consists of the following three
subsystems [14]:

• Analyzing subsystem (ASY) modules process incom-
ing data and forecast the location and quantity of
contamination including temporal variation.

• Countermeasure subsystem (CSY) modules simulate
potential countermeasures, check them for feasibil-
ity, and calculate their expected benefit in terms of a
number of attributes.

• Web-HIPRE constitutes the evaluation subsystem
(ESY) allowing to rank countermeasure strategies
according to their potential benefits or drawbacks
and preference weights provided by the DMs.

In the early phase, emergency management involves de-
cisions on emergency actions, such as evacuation, shel-
tering or distribution of stable iodine, which are usu-
ally limited to areas within a few tens of kilometers of
the nuclear accident. Since decisions on whether or not
to implement such countermeasures depend to a great
extent on the spread of the (radioactive) plume and
the estimated contamination levels, emergency manage-
ment in the early phase is closely related to the pre-
dictions of the ASY. In the longer term, more complex
decisions on decontamination and remediation strate-
gies, restricted access measures (e.g. relocation) and
agricultural countermeasures are required. Thus, emer-
gency management in the later phases is rather con-
nected to the calculations of the CSY and ESY where
the ESY seeks to provide transparency and coherence
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in the evaluation of alternative countermeasure and re-
mediation strategies, whose potential benefits and draw-
backs are quantified by the CSY [16].

The prediction of the radioactive dispersion through
the various pathways and thus the prediction of the
radiation exposure of the population during and after a
nuclear event is a very important part of a system such
as RODOS [17–19]. However, in this paper, we focus
on the ESY and thus on the use of MCDA in nuclear
emergency management.

3. Multi-attribute value theory (MAVT) and
Web-HIPRE

MCDA supports the structured evaluation and sup-
port of decision problems with multiple criteria and
uncertainty (see e.g. [5,20]). Problems with successive
decision and uncertainty nodes are modeled with de-
cision trees and influence diagrams. The terminology
can easily be confusing as a decision tree refers to
a different model than the attribute tree model used
here. The multi-criteria evaluation of alternatives under
uncertainty is dealt with in multi-attribute utility theory
(MAUT) where uncertainties are modeled probabilisti-
cally. In our case we use multi-attribute value theory
(MAVT), where uncertainties are not considered explic-
itly. The theory develops methods to structure and ana-
lyze decision problems by means of attribute trees and
to elicit the relative importance of criteria in this set-
ting. In an attribute tree the overall goal or objective is
divided hierarchically into lower level objectives (also
called criteria) and measurable attributes (also called
lowest level criteria). A decision alternative x is eval-
uated on each attribute, i, by means of a value func-
tion vi(x). Under the assumption of mutual preferential
independence of attributes we can use the standard ad-
ditive aggregation rule [21]. Then the overall value of
an alternative x is evaluated as

v(x) =
n∑

i=1

wivi(x),

where n is the number of attributes, wi is the weight
of attribute i , and vi(x) is the rating of an alternative
x with respect to attribute i. The sum of the weights is
normalized to one, and the component value functions
vi(·) have values between 0 and 1. The weights wi

indicate the relative importance of attribute i changing
from its worst level to its best level, compared with the
changes in the other attributes.

Weights can be elicited by different weighting proce-
dures. The simplest way is direct point allocation. The

multi-attribute evaluation tool Web-HIPRE supports
all the common weighting methods based on relative
comparisons such as the SWING procedure [22], the
SMART method [22,23], or SMARTER [24,25]. The
analytic hierarchy process (AHP) (see [26]) is a deci-
sion modeling approach developed in parallel with the
MAVT method. Its fixed comparison procedure based
on a nine-point-scale includes redundancy and thus
allows the estimation of the consistency of the state-
ments, too. When the questions in the weight elicitation
refer to value differences then the results from an AHP
procedure can be shown to correspond with those of
MAVT analysis [27]. Thus, one can consider AHP
as one MAVT method in the MCDA approach. For
comparison and details of the use of different methods
see [28,29]. Web-HIPRE allows any combination of
these weighting methods in one model. There is also a
number of techniques for the specification of the value
functions. However, in many cases the assumption of
linear value functions is justified if the set of outcomes
of the alternatives are not very far apart.

The essential interactive steps in a MAVT analysis
include first the structuring of the problem into a hier-
archy of criteria and second the elicitation of the rela-
tive importance of the criteria. They are easy to perform
with the support of Web-HIPRE [8,30]. The structuring
can be done interactively and the criteria and alterna-
tives can be directly linked to explanation web pages to
help the decision maker learn more details about them.
The user interface of Web-HIPRE is seen in Figs. 3–5
(Section 5). Web-HIPRE can be run over the internet or
local intranet so that the participants can also work in-
dependently with their own models. These can be easily
evaluated together or even combined into a joint group
model.

4. Explanation module

After ranking alternative strategies, Web-HIPRE il-
lustrates the results of the ranking process as well as a
sensitivity analysis graph. Users can view the evalua-
tion results and choose a strategy. They can also read
explanation reports that justify the ranking of alterna-
tives. Explanation facilities contribute to positive user
attitudes and improve user performance [31]. They have
proven to be useful to experienced professionals as well
as to novices [32]. They influence user perceptions such
as trust, confidence and satisfaction and increase levels
of acceptance and learning [33].

An Explanation Module has thus been developed
to justify the advice of the evaluation subsystem of
RODOS and to increase the trust and confidence of
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Fig. 1. Structure of the Explanation Module (top), Comparative report text plan for root node (middle), text plan for sensitivity analysis report
(bottom).

the DMs in the results of the system [10]. In practice,
the executive DMs do usually not operate the system
themselves but by generating an audit trail the Explana-
tion Module seeks to help the emergency management
team, advising the DMs, in communicating the results
in an understandable way. The Explanation Module
adds transparency to the ranking process, by generating
two reports:

• A “comparative report” that interprets the evaluation
results and compares two strategies by discussing
how well a strategy rates with respect to the eval-
uation criteria, outlines arguments for and against
each strategy, examines how much better a strategy is
over another and highlights factors that differentiate
between two strategies.

• A “sensitivity analysis report” that interprets sensi-
tivity analysis graphs, illustrates the effect of chang-
ing the weight of an attribute in the ranking of alter-
native strategies and discusses the robustness of the
results.

Fig. 1 (top) illustrates the general structure of the
Explanation Module. Its input comprises qualitative
data in the form of an attribute tree as well as quanti-
tative data in the form of a decision table (containing
the scores of the alternative strategies) or in the form

of values of decision parameters (such as the weights).
The Explanation Module then applies natural lan-
guage techniques [34] and statistical methods [35] to
generate understandable reports in English. The user
interacts with the interface of Web-HIPRE and submits
a command which is then translated into a commu-
nicative goal such as “compare strategy ‘disposal’ with
strategy ‘storage’ relative to the criterion radiological
effectiveness” and “interpret the results of a sensitivity
analysis on the weight of resources”. The Explanation
Module processes the goal and initiates the natural lan-
guage generation process which involves three stages
(cf. Fig. 1):

• Content determination which involves what type of
report to generate (i.e. comparative report or sensi-
tivity analysis report) and what type of explanations
to convey to the users.

• Discourse planning which involves establishing the
structure of the report i.e. structuring messages in a
coherent way by choosing an appropriate text plan
(Fig. 1 exemplarily illustrates the text plans for a root
node and the sensitivity analysis report).

• Sentence generation which involves selecting text-
based templates and filling in qualitative and
quantitative values to produce explanations in natural
language form in order to convey messages.



242 J. Geldermann et al. / Omega 37 (2009) 238–251

The Explanation Module produces five types of expla-
nations: (1) model parameters, (2) statistical compar-
isons, (3) reasoning, (4) knowledge representation and
(5) sensitivity analysis.

The statistical explanations for example, focus on
determining those decision parameters that are sig-
nificant or important in the ranking of strategies.
They are based on statistical interpretations [35] of
the decision model. Decision parameters that influ-
ence the final ranking are attribute weights, strat-
egy scores and absolute differences between strategy
scores. For instance, in order to describe how good
a remediation strategy is relative to the objective of
increasing avoided individual radioactive dose, the fol-
lowing text template is generated by the Explanation
Module:

〈Strategy id〉 provides 〈semantic quantifier〉
〈Objective〉 in the context of all available strategies.

A semantic quantifier is a verbal expression
(such as “substantially better”, “slightly worse” and
“significant”) that describes the quality of a parameter
and can be determined in the following way. Given an
objective, the mean � and the standard deviation � of
the scores of all available strategies relative to this ob-
jective can be calculated. Assuming that the score of a
remediation strategy (e.g. “Rmov, T =0”, i.e. “Removal
of cows from contaminated feed at time T = 0, feeding
with uncontaminated feed”) is s = 5 on a scale from 0
to 100, the quality of the strategy can be described by
mapping s (i.e. the score of the strategy) to a discrete
set of semantic quantifiers: {“very good”, “neither very
good nor very poor”, “very poor”} as follows (where �
is a user-defined constant):

if s > � + �� → “very good”,

if � − �� = s = � + �� → “neither very good nor
very poor”,

if s < � − �� → “very poor”.

An explanation generated by the system can be

Rmov, T = 0 provides very poor avoided individual
dose (adults, 1 year) in the context of all available al-
ternatives.

Statistical explanations help DMs to concentrate on
those aspects that are significant in the decision process
and therefore considerably reduce the time needed for
parameter assessment. More details about the genera-
tion of explanations are given in [10].

5. The moderated decision making workshop

Decisions in the context of emergency and remedi-
ation management involve many parties who have dif-
ferent views and responsibilities [1–3,36,37]. DMs are
those responsible for the decision. Stakeholders share,
or perceive that they share, the impacts arising from
a decision and therefore they claim that their percep-
tions should be taken into account. Experts provide eco-
nomic, engineering, scientific, environmental and other
professional advice. Thus, there is a need to facilitate
or moderate the group decision making process. The
responsibility of a moderator is to lead the discussion
within a group, to introduce the individual work steps
with precisely formulated and visualized questions (e.g.
using a flowchart) and to strive to actively include all
members of the group in the work at hand (cf. [38]).
Moderators are often assisted by analysts who are con-
cerned with the synthesis of the DMs’ and stakehold-
ers’ value judgments as well as the experts’ advice and
know how to operate the decision support tools and
algorithms. As a tool to help moderators and analysts to
structure a group discussion, to defuse emotion and to
focus on the essential dissensions, MCDA techniques
have proven useful [5,39,40]. Furthermore, a close re-
lation between the phases of moderation and those of
MCDA can be observed [41].

Since the identification of responsibilities and au-
thorities is vital to implementing a rapid response
in emergency and remediation management (see e.g.
[42]), a series of moderated workshops on “decision
analysis of countermeasure and remediation strate-
gies after an accidental release of radionuclides” was
organized in Finland, UK, Germany, Belgium, Slo-
vak Republic, Poland and Denmark. The workshops
were conducted as emergency exercises on the basis
of a hypothetical accident scenario using “moderation”
methods [1,38,43]. RODOS was used to calculate the
necessary data before and during the workshops. The
main general objectives of the workshops were the ex-
ploration of information and data requirements for the
DMs as well as the identification of the factors driving
decision making in the context of agricultural nuclear
emergency management. Furthermore, the workshops
were aimed at gaining experiences in applying the eval-
uation software Web-HIPRE including the Explanation
Module and at developing methods for stakeholder
involvement in exercises and emergency planning.

One workshop focusing on agricultural countermea-
sure and remediation strategies was organized in collab-
oration with the Federal Office for Radiation Protection
(BfS) in Freiburg, Germany. There were 18 participants,
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Fig. 2. Ground contamination in the surrounding area of the power plant.

including officials and politicians of regional, state and
federal authorities, who represented the different stake-
holder and expert groups in emergency management in
Germany.

5.1. The hypothetical accident scenario

A hypothetical radiological accident scenario formed
the basis of one of the German workshops. The fictitious

contamination situation in the scenario was assumed to
be caused by a serious accident at a nuclear power plant
which triggered the immediate shutdown of the reac-
tor. A few hours after the accident, radioactive mate-
rial was released into the atmosphere. The radioactive
cloud from the nuclear power plant was blown over a
larger area with important food production. As a re-
sult, radioactive material from the cloud deposited onto
the ground. Fig. 2 illustrates the contamination situation



244 J. Geldermann et al. / Omega 37 (2009) 238–251

Table 1
Selected decision criteria and their meanings

Abbreviation Meaning

Total utility Total utility of a measure (with respect to milk)
Rad. effective. Radiological effectiveness
Population Radiological effectiveness with respect to the population
Avoided ind. ad. Avoided individual dose (adults—1 year)
Avoided ind. chi. Avoided individual dose (children—1 year)
Avoided collect. Avoided collective dose
Collective dose Received collective dose
Worker Radiological effectiveness with respect to the worker(s)
Max. ind. work. Maximum individual dose received by worker
Collect. worker Collective dose received by worker
Resources Necessary resources to conduct a measure
No. of workers Necessary number of workers needed to conduct a measure
Supplies Supplies (e.g. (agricultural) machinery) required to conduct a measure
Impact Impact of a measure
Total food above Total amount of food above the limit
Food above yr-1 Amount of food above the limit after 1 year
Size of aff. area Size of affected area
Costs Costs to conduct a measure
Acceptance Acceptance of a decision
Public Acceptance of a decision by the public
Affected prod. Acceptance of a decision by the affected producers (e.g. agriculturists)
Trade and ind. Acceptance of a decision by trade and industry

(as calculated by the ASY of RODOS) in the surround-
ing area of the nuclear power plant.

For the discussion within the workshop, it was as-
sumed that all necessary immediate and early counter-
measures (emergency actions) were initiated in selected
affected areas. These included distribution of stable
iodine to children and adults, sheltering or evacuation.
Moreover, the closure of green houses and animal
stables and the coverage of agricultural areas with veg-
etables, fruit and herbs, and of open storage for animal
feed and foodstuffs were recommended.

5.2. Problem structuring

The case study was analyzed and structured in a mod-
erated discussion. The relevant decision criteria were
determined by the workshop participants from the list
of criteria available in RODOS. Additional important
criteria which are not provided by RODOS were iden-
tified by the experts and stakeholders on the regional,
state and federal level via card inquiry. The selected
criteria and their denotations are compiled in Table 1.

Collecting, structuring and assorting of information
during the discussion provided deeper insight into the
core of the problems under scrutiny and lead to some
form of shared understanding amongst all participants
of the workshop. The structuring and modeling process

resulted in an attribute tree (cf. Fig. 3) which shows
the overall goal “total utility” (of a measure) as the top
criterion being split up into the criteria “radiological
effectiveness”, “resources”, “impact” and “acceptance”,
each of which is split up again.

Fig. 3 also shows that eight potential countermea-
sure and remediation strategies were examined. The
consequences (quantification of the respective benefits)
which result from these different strategies are shown in
Table 2. While the data compiled in Table 2 directly
result from the RODOS system the values compiled
in Table 3 were estimated by the attending stakehold-
ers and experts. For the latter, a fictitious scale ranging
from 0 to 100 is assumed where 100 corresponds to the
highest value (resp. utility) and 0 to the lowest.

5.3. Preference elicitation

As a first step of the preference elicitation, the
weighting of the criteria of the attribute tree (cf. Fig. 3)
were carried out. The following preference weights
were elicited in a group discussion using direct and
SWING weighting [29,44]:

• “radiological effectiveness” vs. “resources” vs.
“impact” vs. “acceptance”:
While formulating priorities in the workshop using
the SWING method in Web-HIPRE the acceptance of
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Fig. 3. Attribute tree for the exemplar case study. The abbreviations of the criteria are declared in Table 1.

a measure was given the highest rating (100 points).
This choice was based on the premise that acceptance
by the public, affected individuals and business have
the highest relevance with respect to the specific deci-
sion, since together they form the critical foundation
upon which future developments are built. The actual
effects of a measure were given the second highest
rating, based on the magnitude of the decision (size
of affected area) and the consequences of the measure

(amount of waste above the threshold, cost etc.). The
radiological effectiveness was weighted only lightly
in fourth place since it only plays a superficial role
for agricultural measures.

• “population” vs. “worker”:
The maximum dose for the population is deter-
mined by estimating the intake of radioactivity
through contaminated food. In this case the ra-
diation dose for the workers is insignificant and
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Table 2
Decision table—Part 1–values directly imported from RODOSa

No action Disp Proc Stor Rmov, T = 0 Rmov, T > 0 Rduc, T = 0 AddS+Proc

Avoided ind. ad. (mSv) 0 6.77E − 1 1.44E − 2 3.16E − 5 1.20E − 2 4.50E − 3 1.69E − 3 4.10E − 2
Avoided ind. chi. (mSv) 0 1.35 2.88E − 2 6.32E − 5 2.39E − 1 9.00E − 3 3.30E − 3 8.10E − 2
Avoided collect. (manSv) 0 1.20E + 4 1756.62 71.0215 6194.81 1.58E + 3 1.14E + 3 2.56E + 3
Collective dose (manSv) 1.26E + 4 7.89E + 2 1.09E + 4 1.26E + 4 6.48E + 3 1.11E + 4 1.15E + 4 1.01E + 4
Max. ind. work. (mSv) 0 0 0 0 1.25E − 3 9.01E − 4 1.07E − 3 0
Collect. worker (manSv) 0 0 0 0 2.42 6.14E − 1 7.88E − 1 0
No. of workers (#) 0 0 0 0 658 532 547 0
Total food above (kg) 1.12E + 8 1.12E + 8 1.61E + 7 1.12E + 8 4.86E + 7 8.3E + 7 1.08E + 8 1.46E + 7
Food above yr-1 (kg) 1.22E + 5 1.22E + 5 0 1.60E + 3 3.12E + 3 3.12E + 3 3.12E + 3 0
Size of aff. area (km2) 2640 2640 1787 2640 179 2640 2615 1787

aExplanation of the units: Sievert (symbol Sv) is a unit of equivalent dose or effective dose (of radiation), and thus depends on the biological
effects of radiation as opposed to the physical aspects, characterized by the absorbed dose (which is measured in Grays) whereas Becquerel
(symbol Bq) is a unit of radioactivity, defined as the activity of a quantity of radioactive material in which one nucleus decays per second
and is thus equivalent to s−1.

Table 3
Decision table—Part 2—values estimated by experts and stakeholders (on a fictitious 0–100 scale)

No action Disp Proc Stor Rmov, T = 0 Rmov, T > 0 Rduc, T = 0 AddS+Proc

Supplies 0 10 10 20 40 40 30 80
Costs 90 100 20 50 20 20 20 35
Public 0 100 5 15 80 80 30 5
Affected prod. 0 20 70 60 100 100 80 50
Trade and ind. 0 40 5 50 80 80 60 5

additional exposure resulting from future measures
is not expected.

• “avoided individual dose (adults—1 year)” vs.
“avoided individual dose (children—1 year)” vs.
“avoided collective dose” vs. “received collective
dose”:
The different dose values are calculated based on
the foodstuff milk under the assumption of 100%
local production and consumption. Since milk with
contamination above a certain intervention limit is
banned from the market the maximum dose values
calculated here are highly unlikely. Consequently
the comparison of these values between measures
with respect to radiological effectiveness can only be
regarded as an indicator. As a result the avoided
collective dose for one year receives the most im-
portance in the evaluation of the SWING method
followed by the children avoided individual dose for
one year. The remaining doses receive only a minor
weighting.

• “max. individual dose received by worker” vs. “col-
lective dose received by worker”:
In contrast with the calculated dose values for
the population, the calculated dose values for the

workers are directly related to the actual execution
of the measure and thus contribute to the radiation
exposure. This would indicate a strong weighting for
the individual dose. However, since no significant
radiation exposure during the implementation of the
measure is expected, the maximum individual dose
received by the worker and the collective dose are
presumed equal.

• “no. of workers” vs. “supplies”:
The two attributes “no. of workers” and “supplies”
are required to estimate the required resources of
a measure. They receive approximately the same
weighting with slightly more importance assigned to
the number of workers. In essence both are equally
significant for judging the measure, but they have
different dimensions of a required resource.

• “total food above” vs. “food above yr-1” vs. “size of
area” vs. “costs”:
The weighting within “impact” in order of impor-
tance was: size of area, total food above, cost and
food above yr-1. Measures affecting agriculture are
influenced to a very large degree by the size of the
area involved. The less land involved, the easier
decision making usually is. The total amount of
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Fig. 4. Results of decision analysis illustrated by Web-HIPRE.

waste produced also carries substantial importance
due to its effects on judging the feasibility of a mea-
sure and on the criteria costs. Due to the large time
period and the need for quick acceptance the “food
above the limit” values after one year plays only a
minor role.

• “public” vs. “affected producers” vs. “trade and
industry”:
The highest weight within the category “acceptance”
was given to the public, followed by industry and
those affected by the measures. This ranking reflects
the fact that the measures affect only a small area,
with industry playing a larger role due to cooperation
requirements. The public’s large role is explained by
the need for overall trust and consequently acceptance
of future measures.

Subsequently, the value functions and their shapes were
defined for each individual attribute using both lin-
ear and exponential functions, as considered appropri-
ate by the participants. After the completion of the
preference elicitation the question was raised for dis-
cussion whether a fixed attribute tree, containing infor-
mation about a fixed set of relevant decision criteria
and feasible countermeasures identified by stakeholders
and experts, was desirable or whether an attribute tree
should always by developed spontaneously in case of an
emergency.

5.4. Selected results

Following the preference elicitation the composite
priorities (cf. Fig. 4) were calculated and illustrated
by Web-HIPRE. Fig. 4 shows that “Rmov, T = 0”
is the most preferred alternative followed by “Disp”.
While “acceptance” provides a large contribution to the
good overall performance of both of these alternatives,
“impact” is the most important factor in differentiating
between them. Since the weights assigned to “radiolog-
ical effectiveness” and “resources” are comparatively
small, the differences in the overall scores which would
provide reasons to favour “Disp” over “Rmov, T = 0”,
do not have a big effect on the results of the analysis.

In addition, a sensitivity analysis on “acceptance”
(cf. Fig. 5) allows the examination of the robustness of
the choice of an alternative relative to changes of the
weight assigned to “acceptance”. Moreover, the sensi-
tivity analysis graph shows the range of weights for
“acceptance” for which an alternative is the most pre-
ferred. Under the assumptions made above, the weight
for “acceptance” can be changed by approximately 26%
without changing the optimality of “Rmov, T = 0”. For
a further reduction of the weight, “Proc” turns out to be
the best choice.

Finally, the explanation module was used to gener-
ate comparative reports as well as sensitivity analysis
reports to provide the results of the decision analysis



248 J. Geldermann et al. / Omega 37 (2009) 238–251

Fig. 5. Sensitivity analysis in Web-HIPRE.

Fig. 6. Extract of a comparative report.
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in natural language format. In particular, a comparative
report for “Rmov, T = 0” and “Disp” allowed to gain
deeper insight into the factors differentiating between
the two alternatives. Fig. 6 shows the comparison with
respect to “impact” (an internal node of the attribute
tree).

At the end of the workshop the participants were
asked to fill in a questionnaire with statements about
the suitability of decision making workshops for train-
ing and exercises for emergency situations. The general
tendency of the responses was that the workshop was
considered to be very useful for training purposes and
that decision analysis helps to ensure the transparency
of decisions and to understand the opinions and views
of other participants. In particular, many participating
stakeholders emphasized that they perceived the sensi-
tivity analysis as well as the comparative and sensitivity
analysis reports as a valuable benefit for decision mak-
ing because of the consequential deeper insight into the
situation.

6. Conclusions

Complex decisions require input from various disci-
plines and fields of expertise. Models can be used to
simulate different parameter variations and thus to gen-
erate results in different scenarios. Many efficient plan-
ning tools for emergency management have been elab-
orated in the last years, but methods for the selection
of the most suitable strategy are not much discussed in
literature.

Emergency planning is of particular interest in nu-
clear power generation since, although the occurrence
probability of an accident is considered to be low, the
consequences can be severe and far-reaching. Thus,
much effort has been spent on the development of a tool
such as RODOS. Now the challenge is to test the devel-
oped tools with the (potential) users in practice in order
to ensure that the responsible persons become familiar
with the tools and methods and to guarantee that the
developments meet the requirements of the users. Thus,
a series of decision making workshop focusing on the
evaluation of countermeasure and remediation strategies
in the event of a nuclear emergency was arranged across
Europe. Applying RODOS including Web-HIPRE in the
workshops has highlighted the potential of the system.
Furthermore, the workshops were successful in deter-
mining issues for the further developments of method-
ology and decision support tools. The feedback from the
participating stakeholders and experts was very positive
in general and the workshops were considered to be very
useful for training purposes. MCDA was considered to

be a suitable framework for supporting, structuring and
documenting decision processes, for understanding and
bringing together the opinions and perspectives of all
participants with diverse background and expert knowl-
edge and for providing transparency within emergency
and remediation management. The explanation module,
which generates reports to explain the results of the de-
cision analysis, contributes to the direct involvement of
the DMs by enhancing the understanding of the eval-
uation process and subsequently increases the overall
acceptance of the entire system. Furthermore, the gen-
erated reports form an audit trail and thus improve the
traceability of decisions.

In order to improve the operational applicability of
the RODOS system further developments of the multi-
criteria decision support tool Web-HIPRE, integrated
into RODOS as an evaluation subsystem (ESY), are
necessary [9]. Although the transparency and consen-
sus achieved within the workshop were perceived as a
large advantage for emergency management in general,
the methods and tools used were not able to reflect
the sequential and iterative process of decision making
in real life. For instance, decisions on whether or not
removing cows out at feed are taken immediately
whereas decisions on the processing of milk are dis-
cussed at a later date. Thus, methods for sequential
decision making are required, including up-to-date
measurements for each new decision. Moreover, the
input data and parameters of a decision making model
are subject to various sources of uncertainty. Thus,
advanced multi-criteria methods taking approaches
for uncertainty handling into account are needed (see
e.g. [45,46]). When information about the preference
parameters is afflicted with uncertainties, missing or
only partially available, (parametric) sensitivity anal-
yses are very important [47,48]. While the classical
one-dimensional sensitivity analysis, which is offered
by Web-HIPRE, allows to assess the robustness of a
decision with respect to weight changes, the major
drawback of the procedure is that it is limited to vary-
ing one weight at a time. Considering the impact of the
simultaneous variation of several weights of a decision
model by allowing the assignment of weight intervals
instead of precise values would not only facilitate the
difficult process of weight elicitation but would also
contribute to an easier way of achieving consensus in
group decision processes (see [49]). Another approach
to tackle this problem is the combination of techniques
from data envelopment analysis (DEA) with MCDA.
Even though these two fields of research have devel-
oped almost completely independently for a long time
(see e.g. [50,51]), promising approaches that seek to
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combine elements of both fields have been proposed re-
cently [52,53]. However, in the course of continuously
improving the system, the methods and tools need to
be tested and evaluated by potential users of RODOS
and Web-HIPRE in further decision making workshops
in order to ensure that new developments always focus
on the needs of the decision making process.

The methods described in this paper are also relevant
for researchers and practitioners in other domains. For
instance, they are easily extendable to (other) industrial
emergencies where both, an increased awareness of the
possibility of technical failure of industrial systems and
an improved preparedness to cope with emergencies,
are desirable. Furthermore, since (nuclear) emergency
and remediation management are typical multi-criteria
problems involving economic, ecological and engineer-
ing questions as well as global political and socio-
psychological issues, the described interdisciplinary ap-
proaches can easily be transferred to other areas being
tangent to any of these topics.
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