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_ _ For more detailed information, please visit the
" |ntroduction of hazard maps in order to control following website:
urban development and construction activities https://pericoli-naturali.provincia.bz.it/it/home
according to the principle of risk reduction \. J

=" important instrument for spatial planning
prevention and also for the planning of protection
measures and civil protection activities risk

\ management /

TECNICAL NORMS
AND URBANISTIC
VINCULATIONS

HYDROGEOLOGICAL
HAZARDS



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 Number of inhabitants
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https://pericoli-naturali.provincia.bz.it/it/stato-di-attuazione-in-alto-adige

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

public administration

Addresses with number
of inhabitants and
companies with number
of employees

\

®
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— Hazard maps and their application

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

multitude of possibilities

Basic data for risk management

v" Number and type of

buildings

= [l

v’ Strategic civil protection

facilities

AN

Network infrastructures
(electricity, water,
wastewater,
telecommunications)

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



— Hazard maps and their application

R=HxVXxE
H = Hazard

V = Vulnerability

E = Element at risk

Possibilities for reducing risk
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Hazard maps and their application: basic requirements

With 4 documents everything is regulateded:

AUTONOME PROVINZ BOZEN - SUDTIROL PROVINCIA AUTONOMA DI BOLZANO - ALTO ADIGE
Abteilung 27 - Raumerdnung Ripartizione 27 - Urbanistica

At the beginning: Provincial law,

(Art. 22/bis introduced in 2007) e

rbanistica provinciale

1)

Today: Provincial law

inciale approva le linee guida per

N°9/2018, Art. 55, 56 e

DELIBERAZIONE DELLA GIUNTA PROVINCIALE

Direttive per la redazione dei piani del
di pericolo secondo la legge urbanist

LA GIUNTA PROVINCIALE

le direttive allegate sono approvate.

Schaden durch Naturereignisse, differenziert nach FROVINCIA AUTONOMA

Grad und Art der festgestellten Gefahr, festgeleqt. DI BOLZANO - ALTO ADIGE

BOZEN - SUDTIROL

(2) Die Gemeinden erstellen innerhalb von drei Jah-
ren ab Genehmigung der Richtlinien gemai Absatz
1 Gefahrenzonenplane unter Beachtung der ge-

nannten Richtlinien oder passen innerhalb dieser DECRETO DEL PRESIDENTE DELLA PROVINCIA

Frist die bereits vorhandenen Studien zur Klassifizie-
rung des hydrogeologischen Risikos denselben an 5 agosto 2008, n. 42
Die Erstellung von ubergemeindlichen Gefahrenzo-
nenplanen wird bevorzugt, wo dies aufgrund der

{Reglstrato alla Corte del Conti 1l 5.11.2008, registro 1, foglio 29)

naturraumlichen Situation angebracht ist. Regolamento di esecuzione concernente i

piani delle zone di pericolo

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

IL PRESIDENTE DELLA FROVINCIA

wista la deliberazione della Giunta provinciale n.

in esecuzione
e provinciale
mnata legee, le
= del pericolo
£i piani delle
w0 individuati
a ammissibili
0.

Tesi la proce-
+ del pericolo
che non costi-
= anche perle
i pericolo, in
sussistono e
stenzialmente
: pericolo per

1o non s ap-
legge provin-
cui legge pro-

AUTONOME PROVINZ |

DEERET DES LANDESHAUPTMANNS
om 5. August 2008, Nr. 42
{Registriert beim Rechmingshof am 5.11.2008, Register 1, Blatt 23] [

Durchfithrungsverordnung betreffend die Ge-
fahrenzonenplane

DER LANDE SHAUPTMANN

hat den Beschhuss der Landesregierung Nr. 2740
wom 28.7.2008 zur Fenntnis genommen und

erlasst

folgende Verordnung:

A1
Anwendungsberelch

1. Diese Verordnung legt in Durchfithrung von
Artikel 22bis Absatz 1 des Landesgesetzes vom 11.
August 1997, Nr. 13, in der Folge als Gesetz bezeich-
net, die Bestimmungen fiir die Abwendung oder Re-
duzierung der mit Gefahrenzonenplan ausgewiesenen
Gefahren durch Naturereignisse fest. Zu diesem
Zweck werden die Eingriffe sowie die Schutzmal-
nahmen bestimmt, die in Zonen mit hydrogeologi-
scher Gefahr zulassig sind.

2. Diese Verordnung legt weiters die Vorgangs-
weise zur Abwendung oder Reduzierung won Gefah-
ren durch Naturersignisse filr Gebiete fest, die keine
Gefahrenzone bilden, sowie fiir Gebiete, die nicht im
Gefahrenzonenplan untersucht wurden, da dort zum
Zeitpunkt der Untersuchung keine potentiell gefahr-
deten Einrichtungen oder Tatigkeiten bestehen oder
worgesehen sind und von dort auch keine Gefahr fiir
auRerhalb liegende Einrichtungen ausgehen kann.

3. Die Bestimmungen dieser Verordoung gelten
nicht fiir Skipisten im Sinne des Landesgesetzes vom
26. Februar 1981, Nr. 6, und Seilbahnen gemif Lan-
desgesetz vom 30, lanner 2006 W 1, |

Phase A
Vorbereitung

Phase B
Aaftrag

Phase C

Plansrsteliung

Phase D
Genshmigung

Guidelines for hazard zone planning
waae eepomese s ([troduced by resolution of the provincial
government dated 28.08.2008, No. 2741.)
Today: resolution of prov. governm.
e snence < e NP, 989 ddated 13. 09.2016

UG LGS G I A G L L G T
Abteilung Raumaordnung Gemeinde Fachéimter
® Aumit fibr Ortsplamung * Abt, Brand- und Tivilschutz

* Al Wasse rsshids bauten
* Abt. Forstwirtschaft
* At f. Geologie u Baustolfpr.

1 Koordinierungssit aing - Sxtesfug duchde Gamsinde - dizieler Segnn der Sabeiung
e, 3och

Eniligrg o sines dhr wplanng:
Protokall

Genahmigung der Bearbeitungstiefe

gy s : 10 s ey
Protokall

Ausschreibung [Vergabe
des Planungsauftrages

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)

| | ey

.

Konferenz der Diensstellen gt sk 7255 A 30006
g chach W - Teinahene: des Brger

Genshmigung mit Beschluss der Landesregierung
(bertmgng: i detgian urch Tt dndiges At fr Ortsplieung.




— Hazard maps and their application: basic requirements
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— Hazard maps and their application: basic requirements

Hazard analysis for buildings (Art. 10)

a) MASSENBEWEGUNGEN, WASSERGEFAHREN:

”
" = § Legende (H):
area "examined and not H4-H2* s - Py S
dangerous 5z § H3 [noch
l E & H2 |mittel
0 k (Tk<30a) (30 <Tg< 100a) (100 <Tg< 300a)  (Tg> 300a)
l EINTRITTSWAHRSCHEINLICHKEIT
Only ordinary and extraordinary
maintenance possible!!!
Possible cubature relocation
HAZARD (H)

(Art. 11) Compatibility analysis: S H4-sehrhoch H3-hoch  H2-mittel
Reassessment of the hazard after 5 L"ge""‘:‘ :Rs’
installation of protective o = sehr hoch

g . = @ Rs3 -
structures and/or the specific risk =,
after object protection measures g - mito
c 1.
‘ ; gF;ri:lg
. Restrisiko
Specific risk "Rs2" 7




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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— 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)

11 Prioritization of protective measures
and corresponding cost-benefit analyses
as well as comprehensible planning with
the limited financial resources available !!




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

existent

new

compatibility analysis by geologist
planning by the designer

g « approval of the whole system by a

licensed engineer

.

new

» Declaration of compatibility
by the designer

« approval by a licensed

engineer .

L4

T



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

D Swrabe Strassanbaschraibung Gascrizions strada dakm akm HFINALE Gl T Costa/Kosten
Strada GEFAHR SGHADENSHOHE Risikokoefizienien
PERICOLOSITA DANNO ATTESO Coafiicianti di rischio
78856  55.38.. Staatsstrabe Stilfserjoch dello Selvio 17345 17391 028 0,56 5179 3.300.000,00
76856]  S538 Staasswabe Suisarjoch Tailo Smivio L AT 28| 0,55 5179 5.000.000,00
178856)  S5.38. Stamsswabe Stilfserjoch Gello Seivio 173,0) 1753] 02,83 0,55] 51,79 33.200.000,00
268087 5.5.40.. Reschenpass ‘del Passo Resia 23 245] 06,39) 0,34 2205 18.000.000,00
160623) 5544 Jaulanpass 08,00 0.34] 3308
261560 S8.12. Brenner dellAbetone e del Brennero 100,00 0,32 :2.,"‘ 2.132.000,00
Staatsswabe Sulserjoch Gello Shio 00,17 032 2859 3.335.000,00
Phitscharjoch Val di Vzza 73,55 03| 7755 704336040
Brenner dellAbetone e del Brennero o1.67| 0,30] 27,45
Tarsch - Matschertal Tarces - Mazia 88,50 0,28 2522
Branner GallAbatona & dal Brannaro 83,11] 0,32 %03 1.150.000.00
St. Pauls - Unerrain 5. Paolo - Aiva di sotio 92,33 0,20 %02 3642717,17
Staasswabe Suisarjoch Tailo Smivio 54,44 0,32 Eg
Jenesien San Genesio 94,17 0,28] %652 501.865,00
Brannar GallAbatona @ Gal Brannaro E3E 0,42 %45 128401600
Pfischerjoch VardiVaze 78.55| LEE] 26.28| 1267 000.00
Tein in Taukrs Aivadi Tures 54.56| 031 ELD
Durnholz Vaiduma 53,83 031 %503 102176077
Eggental und Karerpass @i Val dEgae Passo Costalunga 5,22 031 E 71110000
Radein Redagno 00,17 u,ﬁ‘ 2552|
Rein in Taukrs Riva di Tures 83.56] 031 2550 2687.991,00
Grodental und Sellajoch i Val Gardena e Passo Sella o1,80] 0,28] 25,444‘ 1.407.83041
Gadertal di Val Badia 5,08] 511 87,00 0,20] 25,35
Fain in Taukrs Aiva di Tures 53] 56| o700 0.30] 2,10 128740600
Brenner el Brennero ITT636| 41257 80,22 03 BT T298581,13
Schnaistal Val Senales 14 14 87,30 0,30 2459
Blumau - Waidbruck Prato [sarco - Ponte Gardena 21,35 7156 01,22 0 2458 370200000
260171 S.5.508. Sarntal und Pfischjoch di Val Sarenting e del Passo di Vizze 15,38 16.75] 83,28 0,28 2485 093.000,00
55508 Sarnital und PAschioch divar Gel Passo 41 Vize 528 39| 3.3 0,25 2454 1783.412:20
277540 SP40. Maransan WVaranza 78] Z18| 700 0.30] B4 1.004 50230
S5242. Grodental und Salajoch @i Val Gardena  Passo Sella 22| 227] 50.67] 0,25 537




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

Priority list 2017

5

Pos. Geografica

Geographische | Codice strada
Positionen ‘Wegekodex




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
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Identify and define trajectories, probability of reaching
vulnerable targets, jump height, impact energy

Estimate volumes and project blocks

Locate and define unstable areas

|dentify 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

First step: emergency response




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

Second step: Planning and implementation of mitigation works

ORTOFOTO CARTORENDER: VOLO FEBBRAID 2020
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7. Sintesi dei costi

Per la definizione dei costi & stato utilizzato |"attuale prezziario dell’Amministrazione provinciale per
opere civili non edili.

| costi totali possono essere riassunti come segue:

Importo a base d'asta 1.028.253,27 Euro
Costi per le misure di sicurezza 14.111,20 Euro
. Importo complessivo dei lavori 1.042.364,47 Euro
GENALUERE DETJ_.'.IIj_E- Mis:
I

S S s AUSFIMALNG FE=TCEICGTAERREN Tees W
Il.  Somme a disposizione dell amministrazione 238.602,71 Euro [NEE™ ¥ TFMEG.-:-.—‘.'DETT#;LI DEVOND COCEREGRECIRICAT.

-:..J DURANTE.L ESECUZIONE ElEiEk‘ul'EHf

M. IMPORTO TOTALE (I + i 1.281.967,18 Euro |- Rt o T %
E L _";{ Jih
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Case study 2: Hazard reduction on state and provincial roads: the use of the priority list
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Priority list 2021

[POELTOTE T SITAnE SUOSEENDEECIIEInang . | OESCIzZione snaan [+ Q] B R A FINALE [:] T
attuale Strada GEFAHR SCHADENSHOHE Risikokoeffizientan
PERICOLOSITA DANNO ATTESO Coefficienti di rischio
1A 178856 5538, StaatsstraBe Stilfserjoch dello Stelvio 173,45 173,01 52,83 0,56 51,7'q
1B 178856 5538, StaatsstraBe Stilfserjoch dello Stelvio 175.7 175,85 52,83 0,56 51,
1/C 175856 5538, Stastsstrafe Stifserjoch dello Stelvio 173.9 1753 92,83 0,56( 51,
2 268087 5540, Reschenpass del Passo Resia 23 24,5 96,39 0,44 42,05
3 180623 5544, Jaufenpass del Passo di Giovo 8,94 10,1 B8,00) 0,24 33,08
4 261569 5512, Brenner Staatsstrafle dell’Abetone e del Brennero 42755 427 62 100,00| 0,32 321
B 255870 5.5.38.. StaatsstraBe Stiltserjoch dello Stelvio 173,45 173,81 m,rﬂ 0,32 28,54
7 223296] 5.P.508.. Phitacherjoch Val di Vizze 71,372 71,412 73,56 0,37 77,55
8 268106 5512, Brenner Staatsstrale dell'Abetone e del Brennero 448,56 450,55 91,67 0,20 27,45
9 267483 S.P.05. Tarsch - Matschertal Tarces - Mazia 5 5,614 B&8.50| 0,28 25,
10 221523 §.5.12.. Brenner Staatsstraba dellAbetone e del Brennero A67,01 67,67 B3,11 n,35| 26,
1 268107 SP.13. St. Pauls - Unterrain 5. Paolo - Riva di sotio 2 2.5 2,33 0,28 25,31
12 1808758 5538, Stastsstrafe Stifserjoch dello Stelvio 182,83 183,31 84,44 0,32 25,?1"
Ty 284963 S.P.94.. Jenesien San Genesio 3,75 4,12 84,17] 0,28} 26,52
14 172708 5512, Brenner Staatsstrafle dell’Abetone e del Brennero 438.4) 438,64 63,11 042 ﬁﬂq'




— 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

350
300
250
200
150
100

50

D Missions
- Municipalities

E Roads

2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 § 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023
271 | 203 | 181 89 183 | 156 | 137 | 133 | 192 | 178 | 267 | 209 | 188 | 211 | 347 | 134 | 126 | 137 | 224 | 289 | 286 | 203 87 185
120 | 121 | 103 41 52 42 57 64 81 81 103 94 36 122 | 217 73 66 81 124 | 187 | 194 | 136 51 105
151 82 78 48 131 | 114 | 80 69 111 97 164 | 115 | 119 89 130 61 60 56 100 | 102 92 67 36 80

Average number: 181 per year
76,5 Municipalities

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




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

Reporting/Intervention Index

Classified map (from relative probabilities); incl. infra

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

Generalized additive mixed model
Classified (% of slides)

I:l 5% of (expected) landslides - 54 4% areal extent

|:| 5% of (expected) landslides - 15.7% areal extent

. 30% of (expected) landslides - 22 2% areal extent

. 60% of (expected) landslides - 7.7% areal extent
landslide (slide-type movement)

— streets

— paths



AUTONOME PROVINZ BOZEN - SUDTIROL PROVINCIA AUTONOMA DI BOLZANO - ALTO ADIGE
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Thank you!

Dr. Geol. Volkmar Mair

Autonomous Province of Bolzano (ltaly)

Office for Geology and building materials testing



