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▪ Introduction of hazard maps in order to control
urban development and construction activities
according to the principle of risk reduction

▪ important instrument for spatial planning
prevention and also for the planning of protection
measures and civil protection activities risk
management

For more detailed information, please visit the 
following website:
https://pericoli-naturali.provincia.bz.it/it/home

https://pericoli-naturali.provincia.bz.it/it/home


Current status of hazard maps in the Autonomous Province of Bolzano

https://pericoli-naturali.provincia.bz.it/it/stato-di-attuazione-in-alto-adige
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Hazard maps and their application

Based on approved hazard maps, the
public administration and other
stakeholders have a very good basis for
multi-scale and target-specific risk analyses

The intersection of hazard maps with different
data exposure, collected in a specific database,
via different geoprocessing routines, opens up a
multitude of possibilities

✓ Addresses with number 
of inhabitants and 
companies with number 
of employees

✓ Number and type of 
buildings

✓ Strategic civil protection 
facilities

✓ Network infrastructures 
(electricity, water, 
wastewater, 
telecommunications)

✓ Transport 
infrastructures (with 
characteristics such as 
average daily traffic 
volume)

Basic data for risk management



Hazard maps and their application
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H = Hazard

V = Vulnerability

E = Element at risk

Possibilities for reducing risk



At the beginning: Provincial law, 

(Art. 22/bis introduced in 2007)

Today: Provincial law

N°9/2018, Art. 55, 56

Guidelines for hazard zone planning 

(introduced by resolution of the provincial 

government dated 28.08.2008, No. 2741.)

Today: resolution of prov. governm.

Nr. 989 dated 13. 09.2016

Implementing regulation on 

Hazard Zone Plans 

(introduced by decree of the 

Governor dated 05.08.2008, 

No. 42.)

Today:  decree of the

Governor, dated

10.10.2019, Nr. 23

Flowchart for the preparation and 

approval of hazard zone plans in 

the current version (introduced with

decree of the Governor, dated 

05.08.2008, Nr. 42)  

With 4 documents everything is regulateded:

Hazard maps and their application: basic requirements



Approvend hazard plan of the municipality of Badia

Detailed hazard plan

Hazard maps and their application: basic requirements



(Art. 11) Compatibility analysis:
Reassessment of the hazard after 

installation of protective 

structures and/or the specific risk 

after object protection measures

OkOk

Area with "high hazard"

area "examined and not H4-H2“ 

dangerous

Ok
Area with "very high hazard"

Specific risk "Rs2"

Hazard analysis for buildings (Art. 10) 

Only ordinary and extraordinary 

maintenance possible!!!

Possible cubature relocation
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Hazard maps and their application: basic requirements



Case study 1: Hazard reduction for an area in the municipality of Silandro (BZ)

RED (H4)
Very high hazard zones, serious damage to buildings and 
infrastructure is possible, people are at danger both 
inside and outside buildings

BLUE (H3)
High hazard zones, functional damage to buildings and 
infrastructure is possible, people outside buildings are at 
danger

YELLOW (H2)
Zones with medium danger, minor damage to buildings 
and infrastructure is to be expected, without any 
particular danger to persons

GREY
Examined zones that are not exposed to any danger at the 
time of the study
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PRE OPERAM



Case study 1: Hazard reduction for an area in the municipality of Silandro (BZ)

Rockfall event 2013



Case study 1: Hazard reduction for an area in the municipality of Silandro (BZ)

Rockfall mitigation measures



Case study 1: Hazard reduction for an area in the municipality of Silandro (BZ)
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!! Prioritization of protective measures 
and corresponding cost-benefit analyses 
as well as comprehensible planning with 
the limited financial resources available !!

POST OPERAM



existent

• Declaration of compatibility 

by the designer

• approval by a licensed 

engineer 

new

• compatibility analysis by geologist

• planning by the designer

• approval of the whole system by a 

licensed engineer 

new

Example: Hazard compatibility analysis and possible solutions for a single house



Case study 2: Hazard reduction on state and provincial roads: the use of the priority list 

Priority list since 2014 for the protection 
of the existing infrastructure (2745 km!) 
in the Autonomous Province of Bolzano

Quantification of the risk



Example: City of Bolzano; Virgolo TGM = 38000

Priority list 2017 

Case study 2: Hazard reduction on state and provincial roads: the use of the priority list 



Technical and economic feasibility 31/10/2018 – 24/05/2019

Locate and define unstable areas Estimate volumes and project blocks Identify and define trajectories, probability of reaching
vulnerable targets, jump height, impact energy

Identify proposed mitigation costs:

Slope: euro  515.653,20  + 5% imprevisti
Channel: euro 731.837,98 + 5% imprevisti
Total: euro 1.306.865,74

Case study 2: Hazard reduction on state and provincial roads: the use of the priority list 



Case study 2: Hazard reduction on state and provincial roads: the use of the priority list 

First step: emergency response



Case study 2: Hazard reduction on state and provincial roads: the use of the priority list 

First step

Second step: Planning and implementation of mitigation works



Priority list 2021 

Case study 2: Hazard reduction on state and provincial roads: the use of the priority list 
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Einsätze 271 203 181 89 183 156 137 133 192 178 267 209 188 211 347 134 126 137 224 289 286 203 87 185

Gemeinden 120 121 103 41 52 42 57 64 81 81 103 94 36 122 217 73 66 81 124 187 194 136 51 105

Straßen 151 82 78 48 131 114 80 69 111 97 164 115 119 89 130 61 60 56 100 102 92 67 36 80

Einsätze Zeitraum 2000 - 2023

Case study 2: The priority list of measures to reduce rockfall risk on state and provincial roads

Statistics on the missions of the geological emergency service

Average number of missions : 192,3 per year

Average number : 202,6 per year
123,3 Municipalities
79,3 Roads

Average number: 181 per year
76,5 Municipalities

104,5 Roads

Missions

Municipalities

Roads



Case study 2: The priority list of measures to reduce rockfall risk on state and provincial roads

https://doi.org/10.1016/j.scitotenv.2021.145935
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