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Complex decision situations require the consideration of technical, economic, ecological, socio-psychological as well as political aspects. Approaches from Multi-Criteria Decision Analysis (MCDA) can help to take into account various incommensurable aspects and subjective preferences of the decision makers and thus contribute to transparency and traceability of decision making processes (see e.g. Geldermann et al. [10]; Belton and Stewart [1]). 

An important and challenging area of applying multi-criteria methods is nuclear emergency and remediation management involving various stakeholder and expert groups in the decision making process with diverse background knowledge and different views, responsibilities and interests. Hence, the focus of this research is to highlight the role of MCDA in nuclear emergency and remediation management on the basis of a hypothetical case study. 

Providing methods to structure and analyse decision problems by means of attribute trees and to elicit the relative importance of criteria in such a tree, multi-attribute value theory (MAVT, see Keeney and Raiffa [12] for an overview) has proven to suit for application in the later phase of nuclear emergency management (see Geldermann et al. [10]; Hämäläinen et al. [11]; French [8]). In MAVT, preferential information is modelled by weighting factors (i.e. inter-criteria comparisons) and value functions (i.e. intra-criteria preferences).

However, the uncertainties that can arise in a decision making process are often underestimated. The occurring uncertainties can be classified in many different ways, see for example Mustajoki et al. [13]; Bertsch et al. [4]; French [6]. According to their respective source, a distinction can be made between “data uncertainties” (uncertainties of the input data to a model), “parameter uncertainties” (uncertainties related to the model parameters, such as the weighting factors of a MCDA model) and “model uncertainties” (uncertainties resulting from the fact that models are ultimately only simplifications/approximations of reality, see French and Niculae [9]). 

The modelling of the decision makers’ preferences is a crucial part in any multi-criteria analysis. In this paper, special emphasis is placed on handling the uncertainties associated with these preferential parameters. While methods such as SWING and SMART (see Von Winterfeldt and Edwards [14]; Edwards [5]) seek to support decision makers (or their advisers) in eliciting appropriate weights for the different criteria in MAVT by allowing the assignment of weight ratios instead of direct weights, the most difficult problem is often the determination of precise weights or weight ratios. Experiences gained from conducting scenario-focused decision making workshops and also training courses on the use of decision analysis, have shown that the participants do in general appreciate the benefits from applying MCDA but that they need more guidance. They were often unsure about an exact quantification of the modelled preferences. Hence, an appropriate handling of the so-called “preferential uncertainties” is of particular importance.

Classical one-dimensional sensitivity analysis can help to assess the robustness of a decision with respect to variations of preferential parameters (e.g. a weight). However, the major drawback of the procedure is that it is limited to varying 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 could contribute to facilitate the weight elicitation process. Similarly, investigating the impact of the simultaneous variation of the value functions’ shapes can facilitate the process of determining appropriate value functions for each attribute, see Bertsch et al. [2]. Besides varying the value functions’ shapes it is also interesting to investigate the effect of varying their domains’ boundaries. In practice, the boundaries are often defined by the minimum and maximum scores actually achieved by the different alternatives (with respect to the considered attributes). By following this approach, theoretically possible better or worse outcomes are neglected. However, the estimation of reasonable values for these theoretically possible boundaries is a difficult task. An analysis whether or not the variation of the boundaries has an impact on the results can help a decision making group to cope with this task. 

In general, the problem of preferential uncertainties is closely interconnected with the field of group decision processes (see e.g. Zhang [15]). We think that it could be easier for groups to agree on parameter ranges (intervals) instead of precise values. Furthermore, it should be noted that preferences may certainly vary according to value systems that are influenced by culture which, in particular, has to be accounted for when decision groups involve persons with different cultural backgrounds. Using approaches for sensitivity analysis that allow to find out whether or not the variation of certain preference parameters has an impact on the ranking of the alternatives, disagreements which do not affect the results can be eliminated from debate and the group can focus on discussing the differences that do matter in terms of the results (Bertsch et al. [3]; French [7]).

In this paper, a Monte Carlo approach is presented that allows to perform multidimensional sensitivity analyses for the different preferential parameters. The main objective is to explore the sensitivity of the results of decision processes to simultaneous variations of these subjective parameters and consequently to contribute to a facilitation of the preference modelling process by comprehensibly visualising and communicating the impact of the preferential uncertainties on the results of the decision analysis.
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