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Introduction	  
 
This report describes the KULTURisk framework  (KR-FWK) for comprehensive assessment of the 
risk prevention measures - including avoided damages, ancillary and unintended effects - that is part 
of the larger task aimed at the development of a methodology for evaluating the benefits of risk 
prevention. In this document, we describe the conceptual framework developed at the Department of 
Economics (Ca’ Foscari University), hereafter CORILA-DE1, in collaboration with all KULTURisk 
partners, while the methodology will be presented in details in Deliverable 1.7.   

In Section 1, we show the conceptual discrepancies and terminological inconsistencies emerging from 
the various research communities dealing with risk and vulnerability, and examine some of the main 
existing frameworks, which have inspired our work.  

Two main innovations are proposed with regards to the state of the art of disaster assessments:  (1) to 
define a measure of risk that goes beyond the direct tangible costs, and (2) to include the social 
capacities of reducing risk. Both these elements of novelty are treated in Section 2 where we present 
and describe the KR-FWK. In particular, we focus on the first point in subsection 2.2 and on the 
second point in subsection 2.3 after having anticipated - in subsection 2.1 - some important features of 
the Regional Risk Assessment (RRA) methodology, upon which the framework has been conceived. 

In Section 3, we consider what is the potential use of the KR-FWK and which are the main steps 
towards its operationalization.   

In Section 4, we describe two types of applications, which stay at the extremes of the range of 
possibilities emerging from treating risk in a spatially disaggregated or aggregated way and as a 
discrete of continuous relationship with the varying levels of hazard. The choice between aggregated 
or disaggregated risk assessments mainly depends on the availability of a data. 

Finally, we conclude by providing some final remarks. 

Additionally, in the appendix we provide a preliminary table of receptors that are consistent with the 4 
macro-categories defined in the Flood Directive (i.e. people, economic activities, cultural goods, 
environment component) (EC, 2007) which will be extensively treated by our partner collaborator at 
CORILA-DAIS2, in the methodological deliverable (1.7), to be considered when applying the KR-
FWK. 

                                                
1 Consurtium for Coordination of Research Activities Concerning the Venice Lagoon System – Department of Economics 
2 Consurtium for Coordination of Research Activities Concerning the Venice Lagoon System - Department of 
Environmental Sciences, Informatics and Statistics 
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1 Searching	  for	  a	  Reference	  Framework	  
	  

The definition of risk and its measurement is still an open issue for discussion in the scientific 
literature. Many disciplines dealing with risk have different views about its definition and the 
components that have to be included in the process of its calculation. Preliminary analyses conducted 
in preparation of the development of this report brought to identify a series of evidences that were 
kept in the background during all the activities: 

i) substantial discrepancies are evident in the risk literature, fragmented into many disciplinary 
streams; 

ii) at least two distinct  research  streams are of greatest interest for our work:  Disaster Risk 
Reduction (DRR), and Climate Change Adaptation (CCA); 

iii) the ambition of trying to unify the terminologies  in use is out of scope and KULTURisk does 
not have the role for having an adequate impact, at the international level, but can instead 
contribute significantly by providing communication interfaces and operational solutions; 

iv) moreover, definitions are evolving within each community (see example in Box 1); 
v) risk assessment is usually focused on damages, i.e. direct  tangible  costs, but they are (also by 

law) only limited  measures  of risk; other direct and indirect and intangible costs should be 
considered, whenever possible; 

vi) in general, social and non-physical aspects are 
crucial for a comprehensive assessment of the risk; 

 

One well established approach for the calculation of risk in 
the physical/environmental (P/E) sciences and in the DRR, 
research community refers risk to the expected damage 
(more precisely ‘direct tangible costs’), which is calculated 
as a function of hazard, P/E vulnerability and exposure 
(Crichton, 1999): 

R  = f (H, V, E) 
The first two elements, hazard and vulnerability, are 
characterized by probability distributions, while the latter, 
exposure, provides the unit of measurement of risk, that is 
money (see Figure 1).   
 

(a) Source: Crichton (1999), redrawn. 

   

(b)Source: Martina (2012), redrawn. 

Figure 1: Graphical descriptions of risk according to the DRR research community. 
 

Box 1:  Evolution of the vulnerability 
definition in the CCA arena 
• IPCC-CZMS, 1992: The degree of incapability 
to cope with the consequences of climate change 
and sea-level rise. 
• IPCC-AR2, 1996: The extent to which climate 
change may damage or harm a system; it depends 
not only on a system’s sensitivity, but also on its 
ability to adapt to new climatic conditions. 
• IPCC-AR3, 2001 & IPCC-AR4, 2007: The 
degree to which a system is susceptible to, or 
unable to cope with, adverse effects of climate 
change [· ··]. Vulnerability is a function of the 
character, magnitude, and rate of climate 
variation to which a system is exposed, its 
sensitivity, and its adaptive capacity. 
• IPCC-SREX, 2012: The propensity or 
predisposition to be adversely affected. 
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This framework is straightforward and widely adopted, but it finds its limitations mainly in the narrow 
consideration of the complexity of the social components of risk. This is quite evident when the 
attention is driven to the social dimensions of vulnerability as in Cutter (1996; see Figure 2), which 
have been progressively recognized as one of the main components of risk (UNISDR, 2005). 

 
While the DRR community drives more 
emphasis on the concept of risk, the CCA 
research stream, mainly under the auspices of 
the Intergovernmental Panel on Climate 
Change  (IPCC), is more focused on the 
assessment of vulnerability. In the DRR 
studies, vulnerability is indeed considered, but 
it is mainly a P/E concept and it is regarded as 
an input for the quantification of risk. Instead, 
CCA research considers vulnerability as an 
output deriving from social conditions and 
processes such as adaptation or maladaptation 
(see Figure 3). 

 
Further, while DRR focuses on the knowledge 
of hazard by means of risk analysis, CCA is 
focused more on the importance of 
understanding the behavior of and the 
consequences for the - local - communities 
involved by means of vulnerability assessment. 
The latter is particularly important in the light 
of KULTURisk purpose, which aims at 
assessing the benefits of risk prevention, and 
more broadly, at contributing to the 
development of a new culture of risk, which is 
essentially a social issue.  

Indeed, the main objective here is to 
understand and manage risk in order to 
change the behavior of the involved individuals and institutions for the benefit of the communities. 

The two main research streams have been increasingly integrated since the impact of climate change 
has been put at the center of both research and political agenda, but they still lack a clear unified view. 
The process of integration between DRR and CCA on one hand and between P/E and social sciences 
on the other hand is still in progress. Nonetheless, effects are clearly visible when considering the 
sequence of IPCC publications in recent years. The first point of convergence was found in the Klein  
(2004) framework (Figure 3), which was later adopted by the IPCC-AR4 (2007).  In this framework, 
the concept of risk is missing (while potential impacts are included) and vulnerability is an output. As 

Figure 3: Adaptation to Climate Change, source: Klein (2004) 
in IPCC-AR4 (2007). 

Figure 2: Integrating Social Vulnerability, source: Cutter 
(1996), redrawn. 
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of now, disaster risk is explicitly included in the framework but the causal chain of relations is 
missing, complicating the possibility to derive a set of steps for its operationalization.  

Various projects and authors have provided their own view on the subject matter. As expressed in the 
framework of ClimChAlp (2008) and shown by Figure 4(d), risk management is a cyclic iterative 
process, but measuring risk remains a crucial step for its effective implementation. Other 
conceptualizations are reported in the quadrants of Figure 4 and the main message emerging from 
them is that there is no practical solution for integrating and synthesizing all of them without facing 
the need to decide among contrasting definitions. Moreover, it should be noticed that often the 
frameworks provide only a pictorial representation of relationships among different concepts without 
providing any identification of causal or functional relationships, which are instead the basis for any 
attempt to develop operational algorithms for risk assessment. 

 
 

 
a) Probabilistic Risk Assessment   (CAPRA), source: Cardona et  
al. (2010), redrawn. 

 
b) Conceptual framework of the MOVE Project 
(2011) 

 
c) Vulnerability in Social-ecological Systems, source: Turner et al 
(2003), redrawn. 

 

 
d) Cyclic iterative view of risk management, 
source ClimChAlp (2008), redrawn. 

Figure 4: Relevant examples of conceptual frameworks around the concepts of risk and vulnerability. 
 
Recently, with the publication of IPCC-SREX (2012), a substantial move from the CCA community 
towards the concepts and definitions consolidated in the DRR could be observed. Figure 5 reports the 
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IPCC-SREX (2012) graphical representation of how disasters could be considered within the context 
of climate change and CCA in particular.  

 
Figure 5: Managing the risk of extreme events and disasters to advance 

climate change adaptation, source: IPCC- SREX(2012). 
 

Different views about risk and vulnerability are also reflected in the KULTURisk project’s partnership 
making it difficult to identify a unified use of concepts and terminology. For instance, the community 
of hydraulic engineers and hydrologist considers vulnerability mainly in P/E terms and hence the 
equation R  = f (H, V, E) is the cornerstone of hydraulic risk mapping, while concepts like sensitivity, 
susceptibility, adaptive and coping capacity are not of crucial importance. Other scientific 
communities within the project refer more to the latest findings of UNISDR (2005) and IPCC-SREX 
(2012), which emphasizes the importance of social vulnerabilities, not necessarily related to the 
hazard (i.e. poverty, disabilities, etc.), which greatly affects the human, social and institutional 
components of risk and the risk governance. Another example of inconsistency in views is about 
whether the value factors (monetization whenever possible) should be included in the concept of 
exposure, as it is in the mainstream, or in that of vulnerability/susceptibility, which is mostly in use in 
the community of ecological risk assessment. 

A long process of collaboration and recursive exchange of intermediate drafts within the KULTURisk 
consortium brought us to a comprehensive glossary of the adopted terminologies, reported in Table 1 
having the two main references in the IPCC-SREX (2012) and UNISDR Hyogo Framework (2009). It 
is the responsibility of the authors of this report the final choice of definitions, which was based on the 
following main criteria: 

i) internal consistency within the conceptual framework; 
ii) consistency with the main references of the DRR and CCA literatures, having identified the 
Hyogo Framework and the SREX Report as the main ones; 
iii) minimizing the changes as compared to consolidated approaches adopted within the 
consortium. 

 



 7 

2 The	  KR-‐FWK	  
 

The KULTURisk project intends to further develop the integration between the environmental risk 
assessment expertise  - coming from the environmental sciences  - and the social costs and benefits 
valuation expertise  - coming from environmental economics. Therefore, the KR-FWK has the crucial 
role of offering an effective interface and a common ground for teams working across diverse 
disciplines within the KULTURisk project and hopefully beyond it.  

Before entering into the details of the KR-FWK it’s important to consider the decision making context 
in which the framework should be utilized. In order to implement a decision making process in the 
field of risk management and assessment of mitigation measures, a cycle of decision-making steps can 
be identified, as proposed by UKCIP (2003). We distinguish eight steps that we explain in the 
following paragraph. 

The first step is, obviously, stating our goal, which is developing a culture of water-related risk 
prevention by evaluating different risk prevention measures. In the second step, we need to identify 
the receptors with respect to which we would like to assess the risk and set forth the decision-making 
criteria. The decision-making criteria can be for instance reducing the damages equal to 20% from 
flood or landslides given a certain amount of budget or the ease and cost of implementation. In the 
third step, we assess risk with respect to identified receptors, hazard features, and vulnerability of the 
receptors. In the next step, we point out our options for reducing the risk. In the fifth step, we evaluate 
the merit of our options by applying them to several case studies. From this point on, one can identify 
other steps related to making decision and post decision-making actions. In Deliverable 1.6, we limit 
our attention to steps 2 and 3. Figure 6 present a schematic view of the aforementioned steps. 

 

 
Figure 6: Cyclic Decision-Making Flowchart for CCA, source: UKCIP(2003), redrawn. 
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Herein, we first describe the comprehensive framework with reference to the glossary reported in 
Table 1. Initially the KR-FWK was developed around three main subsections identified as three main 
areas of expertise within the consortium, which are described in the following:  (1) the regional risk 
assessment, (2) the valuation of potential consequences and  (3) the social capacities/vulnerabilities. 
After a long process of interactions leading to a long sequence of framework drafts, the solution was 
found in developing a comprehensive framework upon the consolidated formalization of risk being a 
function of hazard, exposure, and vulnerability. Therefore, the final proposal complies with the most 
consolidated approach for risk assessment, while providing an original and innovative solution to its 
operationalisation, by making explicit all the concepts, and thus information, to be considered for the 
quantification of the three components to be quantified for the assessment of the fourth, i.e. risk. 

In order to have an adequate concreteness in the identification of the KR-FWK, a specific reference to 
flood risk was made, bearing in mind that subsequent project activities should assess the potential for 
considering other risks. 
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Boundaries

 
Figure 7: KR-FWK extended version with indicators of possible metrics for the quantification of nodes 
 
As shown in Figure 7, in our study the assessment of flood risk consists of four pillars namely hazard, 
vulnerability, exposure, and risk, where the outcome of the first three affects the latter. In the case of a 
flood event, the hazard outcome is a map of intensity (expressed in terms of depth, persistence, or 
velocity) of the flood, provided by the hydrological analysis and modeling i.e. flood frequency 
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analysis, geomorphological characteristics of the region under assessment (pathway), and 
manufactured barriers against the hazard (attenuation) elements of the assessed area. Considering 
different return times and measures of intensity, we produce multiple hazard maps. Exposure 
identifies the presence of people and assets and as much as possible the social, environmental, and 
economical value of them. Vulnerability is defined as another map resulting by the combination of 
P/E and social components. The P/E component is captured by the likelihood that receptors located in 
the area considered could potentially be harmed (susceptibility of receptors). The social one is the ex-
ante preparedness of society given their risk perception of awareness to combat hazard and reduce its 
adverse impact or their ex-post skills to overcome the hazard damages and return to initial state 
(represented by adaptive and coping capacities). A list of social indicators that can proxy adaptive 
and coping capacities is listed in Table 2 and we further discuss them in subsection 3.3.  The above-
described elements help us to calculate the expected damages (risk) associated to different hazardous 
scenarios. We decompose risk into four components that together they make the Total Cost Matrix 
(TCM) of indirect/direct tangible/intangible costs. The direct costs are corresponding to all the 
tangible/intangible costs in the geographical location and during the hazardous event. All the costs 
outside the time frame or the geographical location of hazardous event are represented by indirect 
costs. The dashed line in risk component of Figure 7 is pointing to the above-mentioned distinction. 
Note that the dashed shapes in the graph are intended to stand for the input/output metrics based on 
the direction of the arrows. 

Hazard, vulnerability, and exposure are foreseen as maps, therefore, they are spatially explicit, and 
they will be integrated in a GIS context. For instance in a grid cell of GIS maps of a certain size, we 
can explicitly show the expected depth of a flood and the presence of buildings and people and the 
likelihood of them to be damaged or harmed. In many cases, we expect that social data related to 
adaptive and coping capacities can be managed in a spatially distributed fashion. Typically by 
allocating census and other information to administrative sub-units, but (as discussed in Section 4) we 
can imagine cases in which only aggregated information could be available and therefore, the 
assessment of risk mitigation measures could only be possible in a non-spatial aggregated manner. In 
those cases, the benefits expected from measures, deriving from the comparison of ex-post situation 
with the Baseline Scenario, could only be expressed as a lumped sum (in case of full monetization) or 
as a series of deltas describing the changes of the indicators considered. 

 
Table 1: The comparison between KR-FWK and other frameworks terminologies. 

 KR-FWK IPCC-SREX 2012 
UNISDR Terminology 2009 

Adaptive 
Capacity 

(IPCC-SREX, 2012) 
 

IPCC: The combination of the strengths, attributes, and 
resources available to an individual, community, society, 
or organization (ex-ante hazard) that can be used to 
prepare for and undertake actions to reduce adverse 
impacts, moderate harm, or exploit beneficial 
opportunities. 
UNISDR: N/A 

Attenuation Considers structural and explicit, manufactured barriers to the 
hazard, which may affect exposure. 

N/A 

Coping 
Capacity (IPCC-SREX, 2012) 

IPCC: The ability of people, organizations, and systems, 
using available skills, resources, and opportunities, to 
address, manage, and overcome (ex-post hazard) adverse 
conditions. 
UNISDR: The ability of people, organizations, and 
systems, using available skills and resources, to face and 
manage adverse conditions, emergencies, or disasters. 
 

Direct The costs due to the damages provoked by the hazard and N/A 
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Costs which occur during the physical event (Merz et al., 2010). 

Exposure (IPCC-SREX, 2012) 

IPCC: The presence of people; livelihoods; 
environmental services and resources; infrastructure; or 
economic, social, or cultural assets in places that could 
be adversely affected. 
UNISDR: People, property, systems, or other elements 
present in hazard zones that are thereby subject to 
potential losses. 
 

Hazard (IPCC-SREX, 2012) 

IPCC: The potential occurrence of a natural or human-
induced physical event that may cause loss of life, injury, 
or other health impacts, as well as damage and loss to 
property, infrastructure, livelihoods, service provision, 
and environmental resources. 
UNISDR: A dangerous phenomenon, substance, human 
activity or condition that may cause loss of life, injury or 
other health impacts, property damage, loss of 
livelihoods and services, social and economic disruption, 
or environmental damage. 

Indirect 
Costs 

Those induced by the hazard but occurring, in space or time, 
outside the physical event (Merz et al., 2010) 

N/A 

Intangible 
Costs: 

Values lost due to a disaster, which cannot, or are 
difficult/controversial to, be monetized because they are non-
market values (Merz et al., 2010). 

N/A 

Pathway 

The geomorphological characteristics of the region under 
assessment, which affect the way hazards propagate and 
therefore exposure (e.g. digital elevation model). It includes 
natural barriers to the hazard. 

N/A 

Potential 
Consequences Are expressed in the form of the total cost matrix. N/A 

Receptor 
A physical entity, with a specified geographical extent, which 
is characterized by particular features (e.g. human beings, 
protected areas, cities, etc.). 

N/A 

Resilience Not applied in our framework but can be interpreted as 
opposite to the definition of vulnerability. 

IPCC: The ability of a system and its component parts to 
anticipate, absorb, accommodate, or recover from the 
effects of a hazardous event in a timely and efficient 
manner, including through ensuring the preservation, 
restoration, or improvement of its essential basic 
structures and functions. 
UNISDR: The ability of a system, community or society 
exposed to hazards to resist, absorb, accommodate to and 
recover from the effects of a hazard in a timely and 
efficient manner, including through the preservation and 
restoration of its essential basic structures and functions 

Risk The combination of the probability of a certain hazard to 
occur and of its consequences. 

IPCC: The likelihood over a specified time period of 
severe alterations in the normal functioning of a 
community or a society due to hazardous physical events 
interacting with vulnerable social conditions, leading to 
widespread adverse human, material, economic, or 
environmental effects that require immediate emergency 
response to satisfy critical human needs and that may 
require external support for recovery. 
UNISDR: The combination of the probability of an 
event and its negative consequences. 

Risk perception / 
Awareness 

The overall view of risk as perceived by a person or group 
including feeling, judgment, and culture (ARMONIA project, 
2007). 

IPCC: N/A 
UNISDR: The extent of common knowledge about 
disaster risks, the factors that lead to disasters and the 
actions that can be taken individually and collectively to 
reduce exposure and susceptibility to hazards, while 
increasing the adaptive capacity 

Susceptibility 

Susceptibility brings in a physical/environmental assessment 
of the receptors, i.e. the likelihood that receptors could 
potentially be harmed by any hazard given their structural 
factors, typology of terrain and characteristics (in physical and 
non-monetary terms) 

N/A 

Tangible Costs 
The costs, which can be easily specified in monetary terms 
because they refer to assets, which are traded in a market 
(Merz et al., 2010). 

N/A 

Value factor The social, economical, and environmental value of the 
exposed receptors. 

N/A 

Vulnerability Is consisted of susceptibility as the P/E component and 
adaptive & coping capacities as the social component. 

IPCC: The propensity or predisposition to be adversely 
affected. 
UNISDR: The characteristics and circumstances of a 
community, system, or asset that make it susceptible to 
the damaging effects of a hazard. 
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2.1	   The	  Regional 	  Risk	  Assessment3	  
 

As suggested by our collaborator partner, CORILA-DAIS, the KR-FWK is adopting the Regional 
Risk Assessment (RRA) methodology, and thus it is worth spending few words on RRA.  
Traditionally, RRA aims at providing a quantitative and systematic way to estimate and compare the 
impacts of environmental problems that affect large geographic areas (Hunsaker et al., 1990; Landis, 
2005). The main objectives of the RRA methodology are identification and prioritization of receptors 
and areas at risk from natural hazards in the considered regions and identification of homogeneous 
geographic sites for the definition of adaptation and management strategies. The aim of RRA is 
therefore to help decision-makers in examining the possible risks and damages associated with 
uncertain future hazards and identifying where risk prevention measures could be required. 

As depicted in Figure 8, the RRA methodology requires the following steps for its application: 
 

1. Definition of the 
input data; 

2. Hazard assessment; 
3. Susceptibility 

assessment; 
4. Risk assessment; 
5. Damage 

assessment. 
 
Input Data: the first step for 
implementing the RRA 
methodology is by defining 
the needed input data in 
order to apply RRA in the 
case study areas (i.e. hazard 
metrics, P/E and socio-
economic indicators). In 
order to assess potentially 
impacted areas, P/E and 
socio-economic data are 
classified into pathway (pf), 
attenuation (af), susceptibility (sf), and value (vf) factors. (pf) stands for physical characteristics of the 
receptors (e.g. elevation, distance from the river) which determine the possibility that hydrological 
hazards would occur; (af) are physical elements that could attenuate the intensity of the hazard 
associated with an impact: for instance, an artificial structure (e.g. a dike) is able to reduce the hazard 
related to a flood; (sf) are used to determine the susceptibility of a receptor to hydrological hazards. 
Finally, (vf) identify relevant environmental and socio-economic values of the receptors that need to 
be preserved for the interest of the community (e.g. protected areas, population density, social 
infrastructures). One fundamental step that drives the results of RRA is the selection of receptors to be 
considered in the analysis, which depends on the objectives of the analysis and the case study. 
Different potential receptors can be considered for each typology of case study. Our list of the 
potential affected receptors refers to the 4 macro-categories proposed in the Flood Directive (EC, 

                                                
3 This section will be further expanded in the proceeding methodological deliverable (Deliverable 1.7). 

Figure 8: Steps for the application of the Regional Risk Assessment 



 12 

2007), i.e. people, economic activities, cultural goods, environment component and includes urban 
areas, agricultural areas, wetlands, protected areas, economic activities, cultural goods, and beaches. 
 
The hazard assessment aims at identifying and classifying areas where the hazard can be in contact 
with the receptor. In this phase, hazard metrics are calculated using information from numerical 
models (e.g. hydrodynamic deterministic or probabilistic models) as a function of return period, and 
are aggregated with the pathway and attenuation factors.  
 
In order to provide an estimation of the susceptibility of the system to hazards, the susceptibility 
assessment phase requires the aggregation of susceptibility factors that are first normalized by 
assigning scores and weights, according to experts’ judgment, and then aggregated by means of 
appropriate Multi Criteria Decision Analysis (MCDA) functions. 
 
The following risk assessment phase is aimed at identifying and classifying areas and receptors at risk 
from different impacts in the considered region. Accordingly, risk assessment combines the 
information about a certain hazard scenario with the susceptibility of receptors to the examined 
hazard. 
 
Finally, the damage assessment phase aggregates the results of the risk assessment phase with the 
assessment of the environmental and socio-economic value of receptors, in order to provide a relative 
estimation of the potential social, economic and environmental losses associated with targets and 
areas at risk in the case study area in non-monetary terms (ARMONIA project, 2007). This step, 
framed within the ellipse in Figure 8 represents the area of interface between RRA and the social and 
economic developments proposed by the KR-FWK, in which the traditional knowledge of potential 
damages for the mapped assets has been evolved into a much broader notion of different categories of 
costs as described in the following sections. 
 
The main out puts of the RRA methodology are fundamental supports for decision makers and 
planners and typically include GIS-based hazard, susceptibility, risk and damage maps, with the last 
ones being here revised to evolve into aggregated or spatially distributed estimations of costs deriving 
from the interactions between P/E variables, risk and the social dimension of vulnerability. 
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2.2	  The	  Benefits	  of	  Risk	  Prevention	  
 
Theevaluationofthepotentialbenefitsofanyriskpreventionmeasurerequiresthevaluationofavoided costs 
due to its implementation. Thus, the first required step is to define the cost of a hydrological disaster 
without any preventive measure (baseline scenario). A second step is to consider the costs of the same 
hydrological disaster with the risk prevention measures in place (alternative scenario), including the 
cost of the prevention measure itself. The benefits are then the difference between the costs in the 
baseline and in the alternative scenarios. Nevertheless, what are the costs of a hydrological disaster? 
Traditional risk assessments have been primarily dealing with direct tangible costs in a very detailed 
fashion, however there exist a whole set of neglected costs that should be considered in view of 
providing a comprehensive quantification of risk. For this reason the concept of Total Costs Matrix 
(TCM) as shown in Figure 9 has been extensively treated in Deliverable 1.4. 

 
 

 
Figure 9: The Total Cost Matrix, adapted from: Penning-Rowsell et al. (2003), Jonkman et al. (2008), and Merz et 
al. (2010). 
 
One may argue that most of the times a detailed estimation of direct tangible costs is sufficient to 
compare and justify the choice of alternative risk prevention measures in particular when structural 
risk reduction measures are combined (e.g. dikes, dams, embankments, etc.). Whether this still holds 



 14 

when it comes to evaluating the benefits of non-structural measures and of preparedness is an open 
issue, since, for instance, the importance of intangible and indirect costs and benefits might 
substantially increase. 

For example, an early warning system might only partially reduce the amount of direct tangible costs 
(e.g. you can move your car but not your house), but it can: 

i) Save the lives of many people (direct intangible costs); 
ii) change behavior of people by avoiding long lasting traumas(indirect intangibles costs); 
iii) prevent evacuation costs(indirect tangible costs). 

 

For going beyond the tangible costs, one may need: i) a less reductionist measure of risk; ii) 
considering other types of impacts, which can still be expressed in monetary terms; iii) disaggregated 
structure as shown by TCM; iv) describing potential consequences according to the quadrants of the 
TCM; v) fully monetizing the tangible damages; vi) monetizing intangibles whereas ad-hoc activities 
are required and ethical issues remain open. 

Finally, the benefits of risk prevention are the difference between potential consequences determined 
by the baseline scenario and the alternative scenario with new risk prevention measures. 

 

2.3	   The	  Measurement	  of	  Adaptive	  and	  Coping	  Capacities	  for	  Risk	  Scenarios	  
 
One of the main innovations of our proposed framework is the inclusion of social capacities (adaptive 
and coping capacities) in the process of measuring risk by means of the TCM, which is a 
disaggregated way to structure the potential consequences. This is also an attempt to capture and make 
the concepts of social vulnerability operational. The main challenges of assessing social capacities are 
with respect to a) tailoring the set of indicators to the context, b) aggregating indicators and/or 
empirical functions estimation. From the point of view of social scientists these capacities are 
investigated at the case study level by means of questionnaires and interacting with local stakeholders, 
mainly using a semi-quantitative research approach (e.g. Steinfuhrer et al.2009). Indeed, the variables 
measuring those capacities should be chosen according to the context of application. However, as 
shown in Cutter et al. (2003), a minimal set of indicators based on secondary data can be selected in 
order to approximate the magnitude of social vulnerability. 

Here we propose a list of variables and indicators, as shown in Table 2, which may compose a 
minimal set of data to approximate those capacities. Furthermore, we stated our assumptions about 
their contributions to the TCM. Some of the indicators may affect either of adaptive and coping 
capacity such as income level. A society with higher income level could have had a higher adaptive 
capacity by incorporating early warning systems at the community level, or at the individual level by 
taking precautionary actions such as fortifying their residential building. Equally, higher income can 
affect coping capacity when the communities’ or individuals’ ability in coping with flood is increased.  
Therefore, a careful scrutiny is necessary for empirically testing the significance of each indicator on 
adaptive or coping capacities. While most of the indicators can be derived from secondary data or 
from the census and regional accounts, some variables might be difficult to derive without ad-hoc 
activities. This is particularly evident for trust or risk perception, which is an important component of 
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the project and of the framework. Thus the projects’ activities on risk perception that were carried out 
at the case study level will be integrated in the KR-FWK in order to derive appropriate proxies for this 
indicator. For instance, women can have more difficult time during recovery than men, often due to 
sector-specific employment, lower wages, and family care responsibilities  (indirect intangible costs)  
(Cutter et al., 2003). They might be less capable in being of any assistance during the hazard event, 
since they usually have the direct responsibility of looking after their children (direct intangible costs).  

 
Table 2: Adaptive and Coping Capacity Indicators 
 ASSUMED relationship with costs: 
Variable Adaptive 

Capacity Coping 
Capacity Indicators / Proxies Direct 

Tangible  Direct 
Intangible  Indirect 

Tangible  Indirect 
Intangible   

Age   X Percent of population under five years old; 
Percent of population over 65 years; Median age;   Positive   Positive 

Gender   X Percent of females; Percent of female headed households;   Positive   Positive 
Family structure   X Percent of single parents households, Percent of households with 

more than 4 individuals,   Positive   Positive 
Disabled X X 

Percent residents in nursing homes, Percent ill or disabled residents,   Positive   Positive 
Income level  

X X Per capita income; Median monetary value of owner-occupied 
housing; Median rent for renter-occupied housing units; Credit rating 
of inhabitants Positive   Positive   

Social disparity 
X X Gini index of income; Percent of households earning more than X; 

Percent of households earning les than Y; Dependents on social 
services Positive Positive     

Education X   Negative of percent of population 25 years or older with no high 
school diploma; Percent of population with higher education;     Negative Positive 

Employment X   Percentage of labor force unemployed; Type of employment (full 
time, part time, self employed, etc.)     Positive Positive 

Safety network 
  X Negative of quality of relationships within the community; Percent of 

isolated population; Percent population change; Negative of percent 
with 1st to 2nd level connections to civil protection;   Positive   Positive 

Trust   X Experts elicitation / measure of trust Positive     Negative 
Risk perception X X Experts elicitation / measure of perception         
Risk governance 

X X Per capita number of community hospitals; Per capita number of 
physicians; Local gov. debt to revenue ratio;  Access to places 
(number) of safety during the event; Number of red cross volunteers; 
Hours spent on training and maneuver 

Negative Negative Negative Negative 
Early warning 
capacity X X 

Number of early warning systems in place for typology of hazard; Negative Negative Negative Negative 
Risk spreading X X % of hazard insured households; % of hazard insured economic 

activities; Negative       
Economic 
diversification X X Normalized Herfindahl index of sectorial (i.e. coarse: primary, 

secondary, tertiary) contribution to GDP and or to employment; Positive   Positive   
Interconnectivity 
of economy X X Net trade in goods and services (exports +); Percent of resident that 

travel to work outside the modeled area; Negative   Positive Positive 
New comers   X Percent renter-occupied housing units; Percent of recent 

residents/immigrants; Percent of people living in informal houses; Negative Positive   Positive 
 
 

3	   Towards	  an	  Operationalization	  of	  the	  KR-‐FWK	  
 
As mentioned so far, the KR-FWK is designed to provide: 1) an operational basis for 
multidisciplinary integration; 2) a flexible reference to deal with heterogeneous case studies and 
potentially various types of hazards; and 3) means to support the assessment of alternative risk 
prevention measures including consideration of social and cultural dimensions. 

Given the ambition to deal with heterogeneous issues and application contexts, the proposed 
framework is necessarily generic and rather complex. Practical applications are developed upon 
simpler conceptual models such as the one reported in Figure 10 and expand the nodes according to 
the specific objectives and conditions (e.g. data availability) of each implementation. 
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Figure 10: The KR-FWK simplified version with disaggregated costs. 

 
For instance, simpler versions can consider aggregated costs and/or indicators of social capacities.  In 
addition, the methodology of aggregation and treatment of uncertainty can vary according to the data 
availability, etc. Therefore, the KR-FWK indeed needs to be tailored to deal with different contexts of 
analysis. The project case studies of the process will provide a quite diversified set of situations, 
allowing to consolidate the framework itself and to develop ad hoc tailored solutions for most 
common implementation cases.  The process of tailoring has various degrees of freedom, which are 
summarized, in the following: 

1. Identification of application context: scenarios and measures (baseline vs. alternatives). 
2. Data availability. 
3. Indicator selection. 
4. Normalization. 
5. Weighting. 
6. Aggregation. 
7. Uncertainty. 

 
The first step towards operationalization is the identification of the application context. This is a 
strategic choice, which depends not only on the analyzed system but also on the application purpose 
thus affecting the detail level of analysis and the utilized methodology to operationalize the KR-FWK. 
For instance, the definition of an information system e.g. national flood maps at the basin level, as 
foreseen by the Flood Directive (EC, 2007) will certainly have a different application modality with 
regards to a punctual analysis of a specific risk reduction measure. 

Data availability and indicator selection: For traditional assessment (tangible costs) of risk, the 
required data are historical river flow, precipitation, Digital Elevation Model (DEM), land use maps, 
maps of infrastructures etc., which are available with diverse range of relevant national authorities. As 
mentioned in subsections 2.3, for assessing social capacities, a list of indicators summarized in Table 
2 are available based on the national census. 

Normalization is the procedure of transforming indicator values of different metrics into a 
dimensionless number, with an aim to allow for valuation comparison, and aggregation of indicators 
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with different units of measure. There exist a number of different normalization functions. Some other 
normalization procedures are mentioned beneath, 

1. Ranking 
2. Standardization (z-score) 
3. Value functions 
4. Min-max normalization 
5. Distance to a reference measures 
6. Categorical scales 
7. Methods of cyclical indicators 

The type of normalization function depends on the indicators under consideration and the preferences 
of the decision makers. The simplest normalization method consists in ranking each indicator. The 
main advantages of ranking approach are its simplicity and the independence to outliers. 
Disadvantages are the loss of information on absolute levels and the impossibility to draw any 
conclusion about difference in performance. One of the most commonly used normalization procedure 
is Standardization (z-score) in which all indicators can be converted into a common scale with an 
average of zero and standard deviation of one. The min-max normalization is achieved through 
determine desirable and least acceptable (best and worst) values and to normalize the measured value 
between the two threshold values. Value function is one of the widely used normalization procedure. 
Value functions are mathematical representations of human judgments, which offer the possibility of 
treating people’s values, and judgments explicitly, logically, and systematically (Beinat, 1997). 
Distance to a reference measures takes the ratios of the indicator for a generic value with respect to 
the reference value. The reference could be a target to be reached in a given time frame. In 
determining categorical scale, first, the categories are selected. They can be numerical, such as one, 
two, or three stars, or qualitative, such as ‘fully achieved’, ‘partly achieved’, or ‘not achieved’. Each 
category is then assigned a score, which is, to a certain extent, arbitrary. Most institutes conducting 
business tendency surveys select a set of survey series and combine them into cyclical composite 
indicators. This is done in order to reduce the risk of false signals, and to better-forecast cycles in 
economic activities (Nilsson, 2000).  

Weighting is the procedure to express the relative relevance of individual indicators in composite 
indicators/indexes. Weights are essentially value judgments, thus essentially subjective, and have the 
property to make the objectives underlying the construction of a composite explicit. Depending on the 
subjective judgment, different weights may be assigned to different indicators and there is no 
uniformly agreed methodology to weight individual indicators before aggregating them into a 
composite indicator or index. Therefore, weights usually have an important impact on the composite 
indicator value and this is why weighting models need to be made explicit and transparent through 
involving the stakeholders. To construct composite indicator value and/or index, the weighting of 
indicators are carried out reflecting stakeholders’ views. For constructing social vulnerability index 
(SVI), one example is given in Figure 11.  

Commonly used weighting procedures are as follows: 
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• Statistical weighting 
methods: 

 
1. Equal weights 
2. Principal 

Component 
Analysis 

3. Factor Analysis 
4. Multiple 

Regression Models 
 

• Participatory 
weighting methods 

 
1. Expert judgment 
2. Public opinion 
3. Pair-wise 

comparison 
4. Conjoint analysis 

 
 
Aggregation: In the indicator-based assessment, the outcome (i.e. the index) is the result of a 
hierarchical combination of several indicators that need to be aggregated in each node in which they 
converge. Aggregation of indicators is obviously not a trivial task since the chosen (among many) 
methodology has meaningful impacts on the computation of the final index; furthermore, the choice of 
the aggregation method typically involves trade-offs between loss of information, computational 
complexity, adherence to decision makers’ preference structure, transparency of procedure, etc. The 
available aggregation operators are as follows: 

• Averaging operators 
 

1. Quasi arithmetic means 
2. Order Weighted Average (OWA) 

 
• The ‘AND’ and ‘OR’ operators 
• Non-additive measures:  Choquet Integral 

 
Averaging operators are still most commonly used in reality, given the simplicity of their 
computation, the immediacy and transparency of the aggregation process. Nevertheless, averaging 
operators are typically compensatory (i.e. a bad score in one criterion can be offset by a good score in 
another one) and more importantly they are not able to consider any interaction between the criteria. 
Quasi-arithmetic means includes not only the simple arithmetic mean, but also geometric and 
harmonic means. Order Weighted Average (OWA) is still weighted sums, but the criteria are ordered 
by magnitude and weights can be modeled to express vague quantifiers. ‘AND’ operators are a family 
of operators that express logical conjunction (pessimistic behavior, assigning to the aggregation the 
lowest value of the criteria), whereas ‘OR’ operators consider logical disjunction (optimistic 
behavior). Non-Additive Measures (NAM) approaches such as Choquet Integral have been introduced 
to overcome the main drawbacks of the averaging operators. 

Figure 11:An example of weighting and aggregation, source: Adger and Vincent 
(2005), redrawn.  
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Uncertainty. Estimates of 
vulnerability and risk are pervaded 
by significant uncertainty due at 
least to the uncertainty in data, 
indicators, and models, which use 
data and indicators as inputs. 
Neglecting uncertainties can lead to 
flawed estimates, thereby hindering 
the desired reduction of 
vulnerability to acceptable levels or 
to overestimations of vulnerability, 
resulting in uneconomic mitigation 
countermeasures. The source of 
uncertainty associated with each 
assessment stage and techniques of 
treating uncertainty are shown in 
Figure 12 and Table 3 respectively. 

 
 

Table 3: Methodologies to treat uncertainty, source: MOVE (2012). 

 

4	   Proposed	  Operational	  Solutions	  
 
When considering the available solutions to the aforementioned issues, it is possible to envisage a 
continuum of cases according to the spatial representation of risk and to its probabilistic description 
(i.e. related to single or multiple hazard scenarios or to a continuous hazard-risk function).Two 
operational approaches are proposed below (Figure 13) with reference to the two cases which stay at 
the extremes of this continuum: 

1. Case (A): risk is spatially represented and refers to a single hazard scenario; 

 Types of Input Data 
 

Qualitative Semi-Quantitative Quantitative 
 

Implicit 
Method 

• Expert	  judgment	  

• Qualitative	  Scenario	  
analysis	  

• Fuzzy	  logic	  

• Bayesian	  Networks	  

• NUSAP	  (Numerical	  Unit	  
Spread	  Assessment	  and	  
Pedigree)	  

• Fuzzy	  logic	  

• Bayesian	  Networks	  

 
 

Explicit 
Method 

• Appropriate	  input	  
data	  ranking	  
procedure	  

• MCS	  

• Fuzzy	  Logic	  

• Expert	  Judgment	  

• Monte	  Carlo	  Simulation	  
(MCS)	  

• 	  Fuzzy	  Logic	  

• NUSAP	  

• Expert	  Judgment	  

• Possibility	  Theory	  and	  
hybrid	  methods	  

• MCS	  
• First-‐order	  Second	  Moment	  
• First-‐order	  Reliability	  

Method	  
• NUSAP	  

• Expert	  Judgment	  

Figure 12: Sources of uncertainty, source: MOVE (2012), redrawn. 
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2. Case (B): risk is aggregated at the spatial level and refers to a continuous hazard-risk function. 
 

 
Figure 13: Proposed Solution for Implementation. 

 
The KR-FWK is going to be implemented with great flexibility, and tailored to the project’s case 
studies. However, in all cases the most important issues are related to: 

• Collecting data about social capacities; 
• integrating with risk perception activities of the project. 

4.1	   Proposed	  Solution	  to	  
Case	  (A)	  
 
In Case (A), spatially 
disaggregated risk maps can be 
produced for each of the four cost 
quadrants (direct tangible, direct 
intangible, indirect tangible, 
indirect intangible) following 
RRA. The integration of the social 
capacity can be here performed in 
analogy of RRA by overlaying the 
capacity maps (both coping and 
adaptive capacity) with risk maps 
using spatial Multi-Criteria 
Analysis (MCA) implemented 
through routines of GIS map 
overlaying. The results of such 
process are obviously spatial in 
nature, and they allow for 
exploring the geographical 
distributions of costs and 
identifying hot spots, i.e. areas at 
risk and with relatively high 
expected costs of different kinds. 
Aggregation and weighting of the Figure 14: Example of Case (A), Qualitative risk, source: Alkema et al. 

(2010). 
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spatial indicators are important issues here, for developing spatially disaggregated risk maps. For 
example, Birkmann et al. (2010) proposed equal weighting and additive aggregation for developing 
spatially explicit vulnerability map as shown in Figure 14, but solutions must be refined on a case-by-
case basis with the involvement of relevant stakeholders. 

 

4.2	   Proposed	  Solution	  to	  Case	  (B)	  
 
In Case (B), we estimate risk functions for each of the four cost quadrants (direct tangible, direct 
intangible, indirect tangible, indirect intangible), including variables of adaptive and coping capacity. 
For example, indicators of risk perception, risk governance, and early warning capacity (see Table 2) 
could be included in the mortality functions, expanding the work of Jonkman et al. (2008). In Figure 
15, the mortality function is plotted against various early warning capacities with alternative A being 

the best and D being the worst. The building of robust functions for very sensitive indicators such as 
those related to injuries and casualties is indeed another challenging issue. Where data about 
intangible costs are not available or cannot be produced, a Bayesian Network (BN) approach (See 
Figure 16) can support empirical econometrics in the development of those functions, besides making 
use of experts’ opinions.  BN are known to facilitate the explicit modeling of uncertainties in an 
integral probabilistic framework based on acyclic graphs, BN provide a detailed evaluation of the joint 
influence of different input parameters on the risk. Allowing a traceable and concise representation of 
the causal relationships between the considered variables. The expected results could entail a 
monetized and probabilistic quantification of risk, although there remain issues regarding data 
gathering requirements and ethics (e.g. when controversial intangibles are to be monetized). 

 
 
 

 

 
  

Figure 15: Examples of Case (B), Damage, and Mortality 
Curves, source: Jonkman et al. (2002). 

Figure 16: An Example of Bayesian Networks for Case 
(B). 
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Final	  Remarks	  
 
As mentioned in the introduction, there is a need for a holistic approach toward flood-related risk 
assessment. We focused on establishing a framework based on integrating different components of 
risk from a multidisciplinary perspective. We propose that the estimation of risk should not only be 
based on direct tangible costs but also should go beyond that to contain indirect and intangible costs. 
Moreover, we add social indicators, which have been neglected in the literature of risk assessment, to 
shape our framework, which will be applied to few case studies in the future. The reason for such 
deliberation toward all possible components of risk especially social ones lies in objectives of our 
project. An effective (more successful with lower cost of implementation) risk reduction policy that is 
mainly based on developing a culture for risk abatement requires more emphasis on social capacities 
of individuals or society (whether be coping or adaptive) in order to abate all damages as summarized 
in TCM.  

The key feature of the KR-FWK is to integrate the multidisciplinary nature of flood-related risk 
assessment. From a hydrological point of view, the evaluation of the potential benefits of actions to 
cope with hydrological risk is maintained. In addition, we go beyond the traditional approaches to 
assess risk by looking into social vulnerability besides the mainstream, which was mainly considering 
P/E vulnerability. Our other distinction from the mainstream risk assessment is by enhancing our view 
regarding cost estimation further away than the tangibles and direct damages. For this purpose, we 
proposed solution for estimating total cost matrix that reckon with indirect, beyond time and 
geographical limit of hazard, and intangible costs. However, we do not guarantee or even search for a 
full monetization of intangibles. The KR-FWK now requires testing and tailoring to the specific 
approaches adopted for risk assessment, especially in the selected case studies. As stated above, we 
expect that further refinements and generalized implementation rules will derive from the testing 
phase. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 23 

 

References	  
 

[1] Council Directive (EC) 2007/60/EC of 23 October 2007 on the Assessment and Management of Flood Risks. Official 
Journal of the European Union L 288/27 (2007). 

[2] Adger, W., and Vincent, K. Uncertainty in adaptive capacity. Comptes Rendus  Geoscience 337 (2005), 399–410. 
[3] ARMONIA project. Technical glossary of a multi hazard related vulnerability and risk assessment language. Final 

Version Deliverable 4.1.2, 2007. 
[4] Australian Government. Climate change risk and vulnerability: Promoting an efficient adaptation response in Australia. 

Report to the Australian greenhouse office, Department of the Environment and Heritage, 2005. 
[5] Beinat, E. Value Functions for Environmental Management. Kluwer Academic Publishers,1997. 
[6] Birkmann, J. First and second-order adaptation to natural hazards and extreme events in the context of climate change.  

Natural Hazards 58, 2 (2011), 811–840. 
[7] Bohle, H. Vulnerability and criticality:  Perspective from social geography. In International Human Dimensions 

Programme on Global Environmental Change, E.  Dyck, Ed. Bonn, 2001, pp. 3–5. 
[8] Cardona, O., Ordaz, M.,  Reinoso, E.,  Yamin, L. E.,  and Barbat, A. H. Comprehensive approach for probabilistic risk 

assessment (CAPRA). In International Initiative for Disaster Risk Management Effectiveness (2010), Proceedings of 
14th European Conference on Earthquake Engineering. 

[9] Carreno, M.,Cardona, O., and Barbat, A. A disaster risk management performance index. Natural Hazards 41, 1 
(2007), 1–20. 

[10] ClimChAlp. Extended scientific final report of the ClimChAlp project: The Climate Change Assessment Report, 
2008. 

[11] Crichton, D. Natural Disaster Management:  A Presentation to Commemorate the International Decade for Natural 
Disaster Reduction  (IDNDR). Tudor Rose Holdings Ltd, 1999, Ch. The Risk Triangle. 

[12] Cutter, S. Vulnerability to environmental hazards. Progress in human geography 20  (1996), 529–539. 
[13] Cutter, S.,  Boruff, B.,  and Shirley, W. Social vulnerability to environmental hazards. Social Science Quarterly 84, 2 

(2003), 242–261. 
[14] Gouldby, B., Samuels, P., Klijn, F., Ad Van, O., Sayers, P., and Schanze, J. Language of risk projectdefinitions. 

FLOOD site Reports T32-04-01, 2005. 
[15] Green, C., Viavattene, C.,  and Thompson, P. Guidance  for assessing flood losses.  Flood Hazard Research Centre, 

Middlesex University, 2011. 
[16] Gunderson, L.  H., and C.  S.  Holling, P.  Understanding transformations in human and natural systems. Island Press, 

Washington D.C, 2002. 
[17] Hunsaker, C., Graham, R., Suter, G., O’Neill, R.,Barnthouse, L., and Gardner, R. Assessing ecological risk on a 

regional scale.  Environmental Management 14, 3 (1990), 325–332.Ministry of Transport, Public Works and Water 
Management, The Hague, Netherlands, 1992. 

[18] International Program on Chemical Safety, and World Health Organization. IPCS Risk Assessment Terminology, vol. 
1 and 2.World Health Organization, 2004. 

[19] [IPCC-AR2], Watson, R.  T., Zinyowera, M.  C., Moss, R.  H., and Intergovernmental Panel on Climate Change. 
Working Group II. Climate Change, 1995:  Impacts,  Adaptations,  and Mitigation  of Climate Change: Scientific-
technical Analyses: Contribution of WGII  to the Second Assessment Report  of the Intergovernmental Panel on 
Climate  Change.  Cambridge University Press, 1996. 

[20] [IPCC-AR3], McCarthy, J. J., and Intergovernmental Panel on Climate Change. Working Group II. Climate Change 
2001:  Impacts, Adaptation, and Vulnerability: Contribution of Working Group II to the Third Assessment Report of 
the Intergovernmental Panel on Climate Change.  Cambridge University Press, 2011. 

[21] [IPCC-AR4], Parry, M., and Intergovernmental Panel on Climate Change Working Group II. Climate Change 2007: 
Impacts,  Adaptation and Vulnerability:  Contribution of Working  Group II to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge University Press, 2007. 

[22] [IPCC-CZMS], Intergovernmental Panel on Climate Change. Response Strategies Work Group. Coastal Zone 
Management Subgroup.  Global Climate Change and the Rising Challenge of the Sea. 

[23] [IPCC-SREX], Field, C. B. Managing the Risks of Extreme Events and Disasters to Advance Climate Change 
Adaptation:  Special Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, 2012. 

[24] Jonkman, S.,Bockarjova, M.,  Kok, M.,  and Bernardini. Integrated hydrodynamic and economic modelling of flood 
damage in the Netherlands. Ecological economics.   Ecological Economics 66, 1 (2008), 77–90. 

[25] Klein, R. Vulnerability indices: an academic perspective. In Proc. of the Expert Meeting “Developing a Method for 
Addressing Vulnerability to Climate Change and Climate Change Impact Management:  To Index or Not To Index  
(2004). 

[26] Landis, W.G. Regional scale ecological risk assessment, Using the relative risk model, CRC PRESS, 2005. 



 24 

[27] Levina, E., and Tirpak, D. Adaptation to climate change: Key terms. Tech. Rep.COM/ENV/EPOC/IEA/SLT(2006)1, 
Organization For  Economic  Co-operation and Development,  Paris,  France,  2006. 

[28] Martina, M.  Le azionidell’alluvione sui fabbricati civili e di danni conseguenti. Workshop: Valutazione del rischio 
idraulico in ambito montano ed applicazione della direttiva  ”alluvioni” (Presentazione, Free University of Bozen, 
Maggio 2012). 

[29] Medical Research Council, Institute for Environment, and Health. Interdepartmental Group on Health Risks from 
Chemicals. Guidelines for good exposure assessment practice for human health effectsof chemicals.  Interdepartmental 
Group on Health Risks from Chemicals  (IGHRC) publications. Institute for Environment and Health, 2004. 

[30] Merz, B.,  Kreibich, H.,  Schwarze, R.,  and Thieken, A. Assessment  of economic flood damage.  Natural Hazards 
Earth System Science 10 (2010), 1697–1724. 

[31] MOVE. Assessing vulnerability to natural hazards in Europe:  From principles to practice. 
[32] Penning-Roswell, E., and Wilson, T. Gauging the impact of natural hazards:  the pattern and cost of emergency 

response during flood events.   Transactions of the Institute of British Geographers 31, 2 (2006), 99–115. 
[33] Nilsson, R.  Confidence Indicators, and Composite Indicators, CIRET conference, Paris, 10-14 October 2000. 
[34] Penning-Rowsell, E.,  Johnson, C.,  and Tunstall,  S.  The benefits of flood and coastal defence:  Techniques and data 

for 2003. Middlesex University Flood Hazard Research Centre (2003). 
[35] Rammel, C., Stagl, S., and Wilfing., H.  Managing complex adaptive systems: A co-evolutionary perspective on 

natural resource management.  Ecological Economics 63, 1 (2007), 9–21. 
[36] Saldana-Zorrilla, S. Socioeconomic vulnerability to natural disasters in Mexico: rural poor, trade and public response.  
Tech.  Rep. 92, UN-ECLAC, Disaster Evaluation Unit, Mexico, 2007. 
[37] Steinfuhrer, A., Kuhlicke, C., De Marchi, B.,  Scolobig, A.,  Tapsell, S.,  and Tunstall, S. Towards flood risk 

management with the people at risk:  from scientific analysis to practice recommendations (and back).  CRC Press, 
Taylor and Francis Group, 2009, p. 167. 

[38] Turner, B.,  Kasperson, R.  E., Matson, P. A., McCarthy, J. J., Corell, R.  W., Christensen, L., Eckley, N., X.  
Kasperson, J., Luers, A., L. Martello, M., Polsky, C., Pulsipher, A., and Schiller, A. A framework for vulnerability 
analysis in sustainability science.  PNAS 100 (2003), 8074—8079. 

[39] UNISDR. Hyogo framework for action 2005-2015: Building the resilience of nations and communities to disasters.  
Geneva, 2005. 

[40] UNISDR. Terminology on disaster risk reduction. Geneva, 2009. 
[41] Walker, B., Holling, C.  S., Carpenter, S.  R., and Kinzig, A. Resilience, adaptability and transformability in social–

ecological systems. Ecology and Society 9, 2 (2004). 
[42] Willows, R.  I., and Connell, R.  Climate adaptation: risk, uncertainty and decision-making. Tech.  Rep., UKCIP, 

2003. 
[43] Zischg, A., Schober, S., Sereinig, N., Rauter, M., Seymann, C., Goldschmidt, F., Bak, R., and Schleicher, E.   

Monitoring the temporal development of natural hazard risks as a basis indicator for climate change adaptation. Natural 
Hazards (2011) 

 



 25 

 

Appendix:	  Tables	  of	  Receptors	  per	  Case	  Study	  Typologies	  
 
Table 4: List of receptors for ‘Large River’ case study. 

Case Study Urban areas Agricultural areas Wetlands Protected areas Population 

Large River 

Railway Agricultural typology Wetlands extension Protection level Population in flood 
area 

Highway Protection level Protection level Cultural heritage Population density 
Dump Social infrastructure Urban typology Urban typology Rural population 

Percentage of 
urbanization Urban typology Population density   

Social infrastructure Rural population    
Protection level Population density    
Cultural heritage     
Urban typology     

Population in flood 
area     

Population density     
 
 
 
Table 5: List of receptors for ‘Alpine/Mountain Catchment’ case study. 

Case Study Urban areas Agricultural areas Wetlands Protected areas Population 

Alpine/ 
Mountain 
Catchment 

Railway Agricultural typology Population density Population density Population in flood 
area 

Highway Rural population Wetlands extension Protection level Population density 
Population in flood 

area Population density Protection level Cultural heritage Rural population 

Population density Protection level Urban typology Urban typology  
Dump Economic activities    

Social infrastructure Urban typology    
Protection level     

Economic activities     
Cultural heritage     
Urban typology     

 
 
 
Table 6: List of receptors for ‘Costal Area’ case study. 

Case 
Study 

Urban areas Agricultural 
areas Wetlands Protected 

areas Population Beaches River Mouths 

Coastal 
Area 

Protection 
level 

Protection 
level 

Protection 
level 

Protection 
level 

Population in 
flood area 

Protection 
level 

Protection 
level 

Population 
density 

Population 
density 

Population 
density 

Population 
density 

Population 
density 

Population 
density 

Population 
density 

Urban 
typology 

Urban 
typology 

Urban 
typology 

Urban 
typology 

Rural 
population 

Urban 
typology 

Urban 
typology 

 Agricultural 
typology 

Wetlands 
extension 

Agricultural 
typology   Agricultural 

typology 
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Table 7: List of receptors for ‘Urban Areas’ case study. 

Case Study Population Economic 
activities 

Structures of 
public service Cultural goods 

Service 
infrastructures 

 

Urban Areas 

Population in flood 
area Protection level Hospital Protection level Railway 

Population density Commercial areas Barracks Monuments Highway 

Rural population Working areas School Historic-
architectonic goods Protection level 

 Manufacturing 
system Library Museums Aqueduct 

 Chemical system 
Public 

administration 
center 

Works of art Drains 

 Quarrying system Church  Electric lines 

 Zootechnical system Sport system  Telephone lines 

  Cemetery  Gasduct 

  Power station  Oil pipeline 

  Naval port  Canalizations 

  Bridge or viaduct  Line system 

  Tunnel   
  Penstock   
  Railway station   
  Water basin   
  Dam   
  Incinerator   
  Dump   
  Depurator   
  Protection level   

 
 
 


