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Many regions worldwide are threatened by multiple natural and technological hazards, the number of this 

disasters significantly increase during the last decades. These disasters acted as indicators of a greater exposure 

to multi-risk situations and showed an increased vulnerability of our societies to more complex risks.  

The awareness of this worrying trend has increased the need for appropriate supports, tools and methodologies 

in order to be able to address these problems and lead to sustainable risk management activities (prevention, 

mitigation, crisis management and recovery) [1]. Considering a joint analysis of multiple hazards numerous 

challenges and difficulties arise that’s why the development of the modelling of multi risks analysis scheme is 

still in the early stages [2]. 

The first difficulty is linked to the comparability of hazardous events: the risk associated with different types 

of natural hazards are often estimated using different procedures leading to the results not to be comparable, 

when the events themselves could be highly correlated [3]. The second difficulty concerns the comparison of 

the vulnerabilities of the exposed elements.  

Moreover, another issue is related to the weighting of the relevance of certain hazards of exposed elements for 

the territory: stakeholders may have different perceptions on the importance of each single risk. Lastly it is 

also necessary to take into account the difficulty to collect data and information.  

The purpose of this work is to describe the methodology used for the evaluation of the combined seismic and 

hydraulic risk of the territory of Ferrara. 

The Visual PROMETHEE software, based on outranking methods (PROMETHEE methods), was used as a 

tool for data implementation. 

Visual PROMETHEE, known for its simplicity and an important number of applications in different fields, it 

is based on pair-wise comparisons and allows a decision-maker to full rank a finite set of actions that are 

evaluated over a set of criteria. The information related to each criterion is aggregated through the definition 

of preference functions, each criterion also have a weight expressed by a non-negative number that represents 

the importance of the different criteria: the higher the weight the more important the criterion. The weights 

reflect a major part of the “brain” of the decision maker. [4] 

In this application the hydraulic and seismic risk have been broken down into their components: probability of 

occurrence of the flood, seismic hazard (PGA), exposure (land use, strategic buildings, population density) 

and vulnerability (age of buildings); they have been included in Visual PROMETHEE as "criteria", while the 

municipalities of the Ferrara territory as "alternatives". These data were collected from both the Consorzio di 

Bonifica Pianura di Ferrara and the Municipality of Ferrara websites. 

The result of the analysis made it possible to highlight the areas most affected by the hydraulic-seismic risk 

(Fig. 1) but also the criteria that most positively and negatively influence the municipalities of Ferrara (Fig. 2). 



 

These results depend on the personal choices of the individual stakeholders in the selection of parameters 

(weights and preference functions), however some small deviations in the determination of these values do not 

often induce important modifications. 

 

 
Figure 1. Hydraulic-seismic risk map of the territory of Ferrara 

 

Figure 2. Promethee Rainbow. 
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