
New approaches for the assessment of hydraulic 
hazard in small mountainous catchments

RETURN-PB
QUESTION How can hydraulic hazard be assessed in small mountain basins?

OBJECTIVE To develop an application manual for evaluating hydraulic hazard scenarios and 

associated risks in small drainage basins.

DESCRIPTION The RETURN-PB project aims to provide practical tools for analyzing 

hydraulic hazards in small drainage basins, which are characterized by nonlinear responses 

to forcing scenarios, rapid hydrological reactions, and limited spatial and temporal scales. 

These basins also experience intense sediment and wood debris transport, and may be 

affected by mass transport events. The project will consider different types of small basins, 

representative of the Italian landscape: 

• steep alpine basins, prone to debris flow formation; 

• Apennine/Mediterranean basins with hyperconcentrated sediment transport; 

• basins affected by pyroclastic flows or mudflows; 

• basins with ordinary sediment transport.

HOW IT WORKS RETURN-PB will deliver an application manual designed to assist in 

identifying potential forcing scenarios in small mountain basins within the context of climate 

change. This manual will be useful in both the planning and management phases. The 

approach integrates hydrology, sediment production, flow propagation, and riverbed 

dynamics, as well as risk mitigation measures. It also includes assessments of vulnerability 

and exposure and addresses the role of protective forests and wood debris transported by the 

current. The manual will be complemented by case studies illustrating its practical 

applications.

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
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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).

Individual     
well-being

Deaths and 
injuries

Impact on 
physical and 

mental health

Affected people

Impact on 
economic    
well-being

Built 
environment

Damage to private 
commercial assets 

Damage to private 
industrial assets

Damage to private  
agricultural assets

Damage to public 
assets

Damage to lifelines

Damage to cultural 
heritage

Damage to non-
productive private 

assets

Business 
activities

Impact on 
primary sector

Impact on 
secondary 

sector

Impact on 
tertiary sector

Public services

Disruption of 
public utility 

services

Disruption of 
utility services

Impact on 
emergency cost

Environmental 
systems

Impact on 
surface 

hydrosphere

Impact on 
underground 
hydrosphere

Impact on 
lithosphere

Impact on 
atmosphere

Impact on 
biosphere

Communities

Impact on 
cultural capital

Impact on 
human capital

Impact on social 
capital

Financial system

Impact on 
financial 
stability

Impact on 
economic 
reputation

Attribute Sub-attribute Indicator Spatial scale Model
Input data 

Hazard Exposure Vulnerability

Deaths and injuries

Deaths and 
missing persons

Expected number 
of casulties

Sub-municipality, 
municipality

Historical data 
Statistics

Extension of 
affected area

Population 
distribution

Information 
layers

Injuries

Impact on physical 
and mental health

...

Target 
Hazard

Alternative
Type of 

measure
Scale of measure effectiveness Measure's effect on the natural hazard risk(s) Stake

holdersSpatial Temporal Earthquake Flood Landslide Drought Volcano

P
re

ve
n

ti
o

n

Flood
Land use 

regulation
Non-

structural
Meso or macro Long term ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞

Earthquake
Building code 
enforcement 

Structural
Micro, meso or 

macro
Long term ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞

Drought …

Volcano

Landslide

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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