
Analisi e documentazione di Piene imProvvise per una 
Aumentata REsilienza in zone montane - APPARE

QUESTION How can we enhance the understanding of flash floods in mountainous basins to 

reduce flood risks and improve territorial resilience?

OBJECTIVE To optimize methodologies for documenting flash floods and their associated 

morphological impacts on riverbeds, while also expanding the collection of relevant data.

DESCRIPTION Comprehensive data on extreme flood events are crucial for developing 

effective flood risk mitigation strategies. Traditionally, such data are gathered through flow 

measurement networks. However, even the most densely distributed monitoring systems 

often face limitations in capturing the hydrological response of small mountain and hill basins 

during flash floods.To overcome this challenge, it is imperative to implement integrated post-

event investigative strategies that focus on watercourses affected by flash floods. These 

strategies can provide more detailed insights into flood dynamics and the subsequent 

morphological changes in river systems.

HOW IT WORKS The APPARE project aims to advance our understanding of flash floods in 

mountainous and hilly regions, thereby enhancing the resilience of these areas through 

improved planning and risk management. This goal is achieved through several key activities:

• Post-event reconstruction of peak discharges via topographic surveys of flood marks, 

combined with the application of hydraulic formulas and/or hydrodynamic models.

• Expansion of flash flood datasets, with a focus on comparing newly acquired data against 

historical events across diverse geoclimatic contexts.

• Integration of hydrological reconstructions with geomorphological observations, including 

the evolution of riverbeds and the dynamics of woody debris transport.

Understanding natural hazard risk management in Italy 

Evaluating the effectiveness of risk reduction strategies

WP 7.2 aims to establish guidelines for evaluating the
effectiveness of intervention alternatives in natural risks
management. The focus is on multi-risk contexts, the
different phases of risk management chain, and the
variety of structural and non-structural measures.

# 01 Through a multi-hazard risk perspective
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Multi-criteria analysis (MCA) can enable decision-makers to integrate the multiple and often conflicting
objectives of stakeholders into a structured framework, enhancing the effectiveness of group decisions.

# 02 Towards a multi-criteria analysis

For addressing the structural complexity of the
problem, it is fundamental to break it down into
smaller, and therefore more manageable parts.

# 03 Dealing with the problem’s complexity

Matrix 
hazards-
impacts

Abacus of 
measures

Scoring 
matrix

Identification of 
risk mitigation 

measures

Definition of the 
spatiotemporal 

scale of alternatives

Risk reduction of 
the affected natural 

hazards

Identification of 
objectives

Definition of 
indicators for the 

different attributes

Calculation of 
the indicators 

for each 
alternative

Selection of 
methodology 
for the MCA

Stakeholders

Calibration of 
parameters 

based on the 
MCA method

Prioritization of 
the alternatives

Definition of the 
respective 
dimensions

s1  = local 
authorities
s2  = civil 
protection
⁞ 

sn =  …

h1 = earthquake
h2 = flood
⁞ 

hn =  …

d1= economic
d2 = social
⁞ 

dn = …

o1 = damage reduction
o2 = employment increase
⁞ 

on = …

a1 = expected damage
a2 = employment
⁞ 

an =  …

m1 = ELECTRE
m2 = TOPSIS
⁞

mn = …

a1 = land use
a2 = levee
⁞ 

an =  …

Definition of attributes 
for the different 

dimensions

Evaluation of 
secondary  effects 

on the territory

p1 = weights
p2 = utility functions
⁞

pn = …

a1 = ✓
a2 =
⁞

an = …

h1 = biodiversity
h2 = cultural heritage
⁞ 

hn =  …

i1 = EAD
i2 = employment 
rate in 10 years
⁞ 

in =  …

Uncertainty 
assessment

Sensitivity 
analysis

This study was carried out within the RETURN Extended Partnership and received funding
from the European Union Next-GenerationEU (National Recovery and Resilience Plan –
NRRP, Mission 4, Component 2, Investment 1.3 – D.D. 1243 2/8/2022, PE0000005).
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The matrix classifies the elements exposed to the different natural hazards and analyzes the potential
direct and indirect impacts (attributes) in case of an event occurrence.

# 04 The matrix hazards-impacts

The matrix defines quantitative or qualitative indicators to compare the impacts of natural hazards with or
without the application of risk mitigation measures.

# 05 Zooming into indicators

# 06 The abacus of measures

The abacus identifies promising strategies for reducing risk, looking at synergies and/or trade-offs in
reducing different risks.

“ Impact-based decision making allows the prioritization of strategies for targeted future investments.”
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The matrix defines quantitative or qualitative indicators to compare the impacts of natural hazards with or
without the application of risk mitigation measures.
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# 06 The abacus of measures

The abacus identifies promising strategies for reducing risk, looking at synergies and/or trade-offs in
reducing different risks.

“ Impact-based decision making allows the prioritization of strategies for targeted future investments.”
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Evaluating the effectiveness of risk reduction strategies

WP 7.2 aims to establish guidelines for evaluating the
effectiveness of intervention alternatives in natural risks
management. The focus is on multi-risk contexts, the
different phases of risk management chain, and the
variety of structural and non-structural measures.
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Multi-criteria analysis (MCA) can enable decision-makers to integrate the multiple and often conflicting
objectives of stakeholders into a structured framework, enhancing the effectiveness of group decisions.

# 02 Towards a multi-criteria analysis

For addressing the structural complexity of the
problem, it is fundamental to break it down into
smaller, and therefore more manageable parts.
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