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Debr is flows represent a major hazard for infrastructures 

and human life in mountain areas. Structural mitigation 

measures are not always suitable to protect transpor tation 

routes, especially in narrow and highly-anthropized valleys. 

Therefore, the development and application of warning 

systems based on real- time detection of debr is flows with 

compact and low-cost sensors has spurred a great deal of 

interest wor ldwide.

The international workshop “Ear ly warning systems for debr is 

flows: state of the ar t and challenges” will allow scientists 

and practitioners to discuss the different methods for debr is 

flow monitor ing and warning, the goal being to promote the 

reliable use of such systems by local author ities.

Dur ing the first day (in Italian, with simultaneous translation 

in English), the state of the ar t of debr is flow monitor ing at 

the national level wil l be presented by invited researchers, as 

well as the potential and the limitations of warning systems 

from the point of view of local author ities will be discussed. 

In the second day of the workshop (entirely in English), invited 

international scientists will present recently developed 

methods and procedures for both debr is flows and lahars 

warning. Poster sessions will be available on both days.

A field tr ip to the Gadr ia monitor ing basin (Bozen-Bolzano, 

Italy) will be offered on October 18.

The conference is organized in collaboration with 

the Civil Protection Agency of the Autonomous Province 

of Bozen/ Bolzano South Tyrol.

16—18 October 2019
Bozen-Bolzano 

Event Venue

Free University of 

Bozen-Bolzano

Universitätplatz, 1

Piazza Università

39100 BZ

PROGRAMME

16 October, Room D1.02, Campus BZ                           

Caffè di benvenuto e registrazione

Saluti dalla Provincia Autonoma di 

Bolzano

Francesco Comiti 

Introduzione alla pr ima giornata 

del workshop

Lorenzo Marchi, CNR IRPI Padova

Le colate detr itiche nei bacini alpini: 

fenomenologia e per icolosità 

Matteo Ber ti, Università di Bologna

Soglie pluviometr iche di innesco 

del le colate detr itiche

Massimo Arattano, CNR IRPI Tor ino

Monitor aggio ed al ler tamento 

del le colate detr itiche

Pausa pranzo

Saluti dal Rettore unibz 

Matteo Cesca, ARPA Veneto

La gestione del Sistema di monitor aggio 

e al larme del la colata detr itica di Cancia 

(Borca di Cadore, Bel luno)

Valer io Segor, Regione Valle d’Aosta

Difesa strutturale vs sistemi di detezione 

di fenomeni di colata detr itica /  valanghe: 

alcuni esempi in Val le d’Aosta

Sandro Gius, Provincia Autonoma 

di Bolzano

Difesa strutturale e sistemi di al ler ta per 

le colate detr itiche: soluzioni alternative o 

complementar i? Casi studio in Alto Adige

Pausa caffè

Volkmar Mair, Provincia Autonoma 

di Bolzano

Il sistema di monitor aggio del le colate de-

tr itiche del Rio di Gr issiano, Nal les (BZ) 

ol tre 10 anni di esper ienza

Tavola Rotonda

Modera: Mar ta Chiar le, CNR IRPI Tor ino

17 October, Room D1.02, Campus BZ                           

Registration

Velio Covello

Introduction to the second day of workshop

Kate Allstadt, USGS

Progress in Seismic Character ization of 

Debr is Flows and Lahars: Insights from 

USGS Exper iments

09:30 — 10:30

10:30 — 10:45

10:45 — 11:00

11:00 — 11:30

11:30 — 12:00

12:00 — 12:30

12:30 — 14:15

14:15 — 14:30

14:30 — 15:00

15:00 — 15:30

15:30 — 16:00

16:00 — 16:30

16:30 — 17:00

17:00 — 18:00

08:30 — 09:15

09:15 — 09:30

09:30 — 10:00

Organizing committee

Velio Coviello 

Francesco Comiti  

Willigis Gallmetzer 

Pierpaolo Macconi 

Isabella Costa 

Massimo Eccli

Contacts

debrisflow@unibz.it

More informations

debr isflow.events.unibz.it /home/poster-session/

Registration

debr isflow.events.unibz.it

Professional credits

The par ticipation in the conference entitles to professional 

credits for SURVEYORS, ENGINEERS, GEOLOGISTS, 

AGRONOMISTS and FORESTERS from the Autonomous 

Province of Bozen-Bolzano as well as from the other  

Provinces of Italy.

Group 1) Technical discussion on debr is-flow 

monitor ing (indoor, at Gasthaus Sonneck)

Group 2) Visit to the upper par t of the basin 

(max 30 persons). Transfer by vans and then 

shor t walk (steep and slipper y terrain)

Return to the bus in All itz-Lasa by shuttles.

Bus depar ture from All itz-Lasa

Arr ival in Bozen-Bolzano

Packed lunch for the day will be not provided by the organization. 

It has to be arranged by each par ticipant on the previous days 

(stops to buy food on the way to the Gadr ia wil l be not possible 

due to time constraints). Food can be purchased in grocery 

shops and supermarkets in downtown Bozen-Bolzano. Br ing 

warm clothes for the field tr ip! Temperature might be close 

to 0°C plus wind chil l in the upper basin. In Bozen-Bolzano 

temperatures could be milder (10°—20° C). Hiking shoes are 

absolutely needed.

CALL FOR POSTERS

Scientists and practitioners working in the fields of r isk 

management, debr is-flow modeling, monitor ing and warning 

are invited to present their recent advancements and the 

feedback that they received from decision makers. 

We warmly encourage poster presentations from PhD students 

and young scientists as first authors.

The poster display time is from 9:30 of October 16 to 18:00 of 

October 17. Authors are kindly asked to put up their posters on 

the first day of the workshop, in order to enable the conference 

par ticipants to view their posters at any time on both days. We 

ask the authors of a poster to be present at their display for 

presentation dur ing the coffee breaks. Each attendant to the 

conference, regular ly registered, can present max 1 poster. 

Required poster format is A0 por trait (841×1189 mm, 33×47 

inches).

Inclusion of your abstract in the conference book-of abstracts 

implies you or one of your co-authors to present your 

contr ibution at the time and in the manner indicated. If you 

already know that your poster will not be presented, you are 

asked to withdraw your abstract as soon as possible.

Matteo Picozzi, Università di Napoli 

Feder ico II

Lessons from seismology: ear ly warning 

systems for  ear thquakes

Coffee break

Lucia Capra, UNAM

Hydrological Character ization and 

Instrumental Detection of Lahars on Active 

Volcanoes, Mexico

Marcel Hür l imann, UPC Barcelona

Regional Scale Debr is-Flow Warning Using 

Weather Radar Appl ications. Exper iences 

from Catalonia

Emanuele Marchetti, Università di Firenze

Lessons from Volcanoes: Infrasonic Ear ly 

Warning System for  Explosive Eruptions

Lunch break 

Andreas Schimmel, BOKU Vienna

Identification of Alpine Mass Movements 

Based on a Combination of Seismic and 

Infrasound Signals

Fabian Walter, ETH Zür ich

Debr is-Flow Seismology: A Playground or  

a Construction Site?

Brian McArdell, WSL Switzer land

An Analysis of the 2017 Rock Avalanche And 

Debr is Flows at Pizzo Cengalo, 

Switzer land

Final discussion and field tr ip info

Closure cocktail

18 October, Field Trip                                                        

Bus leaves at the corner between

Domenikanerplatz-Piazza Domenicani and 

the main building of University of 

Bozen-Bolzano.

Arr ival in All itz-Lasa. The meeting point for 

par ticipants arr iving with their own car is at 

the Gasthaus Sonneck 

(goo.gl /maps/3onEeDCC7oKFzMsS7).

Coffee and strudel (included in the field tr ip 

registration costs) and transfer by shuttles 

to the Gadr ia monitor ing station. Delegates 

with their own car can dr ive up to the station 

(unpaved road, not for low clearance vehi-

cles, 4WD not needed)

Visit to the monitor ing installations 

(led by unibz and CNR IRPI)

Packed lunch

Split into two groups:

10:00 — 10:30

10:30 — 11:00

11:00 — 11:30

11:30 — 12:00

12:00 — 12:30

12:30 — 14:30

14:30 — 15:00

15:00 — 15:30

15:30 — 16:00

16:00 — 16:30

16:30 — 17:30

8:00 

9:15

9:15 — 10:00

10:00 — 12:30

12:30 — 13:30

13:30 — 16:00

16:00 — 16:30

16:30

18:00
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In collaboration with
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Debris flows represent a major hazard for infrastructures 

and human l ife in mountain areas. Structural mitigation 

measures are not always suitable to protect transpor tation 

routes, especially in narrow and highly-anthropized valleys. 

Therefore, the development and application of warning 

systems based on real-time detection of debr is flows with 

compact and low-cost sensors has spurred a great deal of 

interest wor ldwide.

The international workshop “Early warning systems for debr is 

flows: state of the ar t and challenges” will allow scientists 

and practitioners to discuss the different methods for debr is 

flow monitor ing and warning, the goal being to promote the 

reliable use of such systems by local author ities.

During the first day (in Italian, with simultaneous translation 

in English), the state of the ar t of debr is flow monitor ing at 

the national level wil l be presented by invited researchers, as 

well as the potential and the limitations of warning systems 

from the point of view of local author ities will be discussed. 

In the second day of the workshop (entirely in English), invited 

international scientists will present recently developed 

methods and procedures for both debr is flows and lahars 

warning. Poster sessions will be available on both days.

A field tr ip to the Gadria monitor ing basin (Bozen-Bolzano, 

Italy) will be offered on October 18.
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Unfortunately, Cooper’s 
scheme was never 
implemented. 

THE PIONEERING IDEA OF EW BY DR.COOPER

San Francisco

Telegraph

Earthquake

Alert  ring a big bell in City Hall to warn citizens 

Picozzi M., 17.10.19 Bozen



SEISMIC RISK MITIGATION

Risk

Hazard Vulnerability Exposure

Early Warning System

Picozzi M., 17.10.19 Bozen



Decision Support System 
for Transport Infrastructures

Broadcast Alert

School Alert

Making Safe men at work

Automatic Low-
Cost Safety

Systems

Safety Majors Sensitive Env. 

High Risk
Plant/Structure

Risk

Hazard Vulnerability Exposure

Earthquake Early Warning (EEW) System

SEISMIC RISK MITIGATION

Picozzi M., 17.10.19 Bozen



Intensity of the risk 
mitigation action/ 

increase of the 
system resilience

False Alarm 
acceptability 

Low impact 
actions

Required
Lead-Time

Actions on 
lifelines and 

transportation 
systems

Actions on 
critical 

industrial 
plants and 
facilities

Three classes of actions:

1/ low impact: stop elevators, children under 
the desk,.. 

2/ medium impact: actions on lifelines (shut-
off gas/electric supply, stop or slow down 
train,

3/high impact: shut-off large industrial plants, 
as nuclear, electro-thermal, chemical

COST-BENEFIT ANALYSIS

LEAD-TIMES VS. MITIGATION ACTIONS

WHICH ALERT THRESHOLD? 

Picozzi M., 17.10.19 Bozen

The lead-time should be designed according 
to the impact of the mitigation action and 

false alarm acceptability



GSHAP map and cities with population of 5 million or more

New York 12.3

London 8.7

Dortmund 5.3

Moscow 5.4

Shanghai 5.3

Tokyo 6.9

Buenos Aires 5.0

Source: National Geographic, Nov. 2002
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2020

The Urban Explosion
It is followed by a dramatic increase of seismic risk!

Motivation
Megacities > 5 milion
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Worldwide Early Warning Systems

from Allen & Melgar, 2019 Picozzi M., 17.10.19 Bozen



Seismogram

Fault
Seismic ray

Rupture 

process 

EEW is the delivery of ground shaking alerts or warnings. 

What truly matters?

• To predict the ground shaking 
and/or damage at a target site

• be fast to alert end-users with 
the maximum lead-time possible

• be accurate to reduce the false 
and missed alerts

Picozzi M., 17.10.19 Bozen



REGIONAL EEW


Lead-time:
(S-arrival time @ target) - (first-P @ network )

TARGET

EPIC S-wave velocity ~3.5 km/sec

Light speed ~ 3x105 km/sec

Automatic Picking
Earthquake Location

Magnitude Estimation
PGx Prediction at Targets

GMPE-S 

Picozzi M., 17.10.19 Bozen



PRESTo PLUS Playback of L’Aquila (Central Italy) ML 5.9 Eqk



P-wave proxy
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ON-SITE EEW

EPIC Lead-time 
(S-arrival time @ target)- (P-arrival @ target)

TARGET

S-wave velocity ~3.5 km/sec

P-wave velocity ~5.5 km/sec

𝑃𝐺𝑉𝑝𝑟𝑒𝑑

𝑃
𝑑
𝑜
𝑏
𝑠

By-passing Location and Magnitude

Modified Mercalli Intensity scale based upon Wald et al., 1999. 

INTENSITY Alert!!
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CRITICAL ISSUE  TIMING

Early Warning
~ 10 sec

Post - Event
~ 10 min

Telemetry
Analysis

Event 
detection

TPfirst TStarget TimeT0

Time efficiency of a system:

Off-Line: no constrain is set on the response time of the system.

Near Real-Time: the system is fast, but no deadline is set (the system can 
accumulate delays in special or critical  conditions);

Real-Time: the system has to be fast and to react to an event (earthquake) 
within a given deadline;nowadays: data packet < 1 sec

A real-time system for EW is a device (hardware or software) 
which reacts to an event within a well defined deadline

Picozzi M., 17.10.19 Bozen



Avellino

Salerno

Potenza

30 Seismic Stations 

5 Local Control Centers

Naples

Southern Italy

ISNet – Irpinia Seismic Network
since 2009  

About 100 × 70 km2

Internet ADSL (VPN)
WiFi Hiperlan (5 GHz)
Internet ADSL
WiFi (2.4 GHz)
UMTS (Cell)

Telemetry 1 s

Digitizers – only those implementing the 
data transmission designed for EEW 
applications (latency < 1 second)

Digitizers Sensors

Picozzi M., 17.10.19 Bozen



Minson et al., 2019

- necessary alert if observed PGA >= threshold

- not necessary alert if observed PGA < threshold

Once a threshold level for transmitting alerts is defined, considering the 
real data (e.g., PGAo) the alert follows a binary condition:

Performance Assessment



CRITICAL ISSUES

P
G

A
 (

cm
/s

2
)

Px (EEW - proxy)

DATA UNCERTAINTY

Picozzi M., 17.10.19 Bozen



Follow probabilistic approaches

Picozzi M., 17.10.19 Bozen



MODEL UNCERTAINTY

Picozzi M., 17.10.19 Bozen

Spallarossa et al., 2019

CRITICAL ISSUES



MODEL UNCERTAINTY  EEW PERFORMANCE

8		

Deleted:	<sp>

aleatory	variability	of	the	model	(generally	referred	to	as	s).	Therefore,	in	the	GMPE	development	it	

is	standard	practice	to	introduce	a	structure	in	the	residual	distribution	by	isolating	the	event-

specific	component	(referred	to	as	inter-event	or	between-event	residuals)	from	the	record	specific	

one	(referred	to	as	intra-event	or	within-event).	Recognizing	the	existence	of	a	dependence	

structure	across	observations,	more	complex	decompositions	of	the	residuals	can	be	attempted	

(e.g.,	Al	Atik	et	al.,	2010)	using	mixed-effects	regression	(Pinheiro	and	Bates,	2000;	Bates	et	al.,	

2015).	 Introducing	different	random	effects	in	the	regression	model	allows	to	account	for	

dependencies	across	observations	(e.g.,	among	the	recordings	of	the	same	event	at	different	

stations)	as	well	as	for	different	baselines	related,	for	example,	to	regional	effects	introduced	by	the	

ergodic	assumption	(Stafford,	2014).	Being	the	present	study	focused	on	on-site	EEW,	we	are	

particularly	interested	in	controlling	the	site-to-site	variability	and	in	mitigating	the	effect	of	the	

ergodic	assumption.	Therefore,	we	develop	on-site	EEW	models	connecting	Pd	and	Iv2	to	RSA(T),	

using	a	mixed-effects	regression	to	determine	the	coefficients	and	testing	two	alternative	grouping	

factors:	in	the	first	one,	recordings	are	grouped	by	station,	that	is,	the	random	effects	assume	one	

value	per	station	(site-to-site	variability);	in	the	second	one,	recordings	are	grouped	by	their	EC8	site	

classification	(class-to-class	variability).		The	functional	form	of	the	models	can	be	written	as:	

	

		

		

		

		

where	the	apexes	indicate	whether	the	regression	is	performed	for	Pd	or	Iv2	and	whether	the	

grouping	factors	are	the	stations	(S)	or	the	EC8	classes	(C).	In	equations	from	3	to	6,	the	coefficients	
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aleatory	variability	of	the	model	(generally	referred	to	as	s).	Therefore,	in	the	GMPE	development	it	

is	standard	practice	to	introduce	a	structure	in	the	residual	distribution	by	isolating	the	event-

specific	component	(referred	to	as	inter-event	or	between-event	residuals)	from	the	record	specific	

one	(referred	to	as	intra-event	or	within-event).	Recognizing	the	existence	of	a	dependence	

structure	across	observations,	more	complex	decompositions	of	the	residuals	can	be	attempted	

(e.g.,	Al	Atik	et	al.,	2010)	using	mixed-effects	regression	(Pinheiro	and	Bates,	2000;	Bates	et	al.,	

2015).	 Introducing	different	random	effects	in	the	regression	model	allows	to	account	for	

dependencies	across	observations	(e.g.,	among	the	recordings	of	the	same	event	at	different	

stations)	as	well	as	for	different	baselines	related,	for	example,	to	regional	effects	introduced	by	the	

ergodic	assumption	(Stafford,	2014).	Being	the	present	study	focused	on	on-site	EEW,	we	are	

particularly	interested	in	controlling	the	site-to-site	variability	and	in	mitigating	the	effect	of	the	

ergodic	assumption.	Therefore,	we	develop	on-site	EEW	models	connecting	Pd	and	Iv2	to	RSA(T),	

using	a	mixed-effects	regression	to	determine	the	coefficients	and	testing	two	alternative	grouping	

factors:	in	the	first	one,	recordings	are	grouped	by	station,	that	is,	the	random	effects	assume	one	

value	per	station	(site-to-site	variability);	in	the	second	one,	recordings	are	grouped	by	their	EC8	site	

classification	(class-to-class	variability).		The	functional	form	of	the	models	can	be	written	as:	
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a	and	b	are	the	fixed	effects	of	the	model,	δS2S	are	either	the	inter-station	or	inter-class	random	
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EEW PERFORMANCE (~200 RECORDS @ ATM & T1244)

WITHOUT RANDOM EFFECTS (ERGODIC)

INCLUDING RANDOM EFFECTS
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A COMMON FRAMEWORK FOR TESTING AND VALIDATING EEW SOFTWARE

Testing Center for EEW in which different algorithms and procedures 
for EEW are running in parallel and compared.

• Several EW software can run in parallel as Virtual 
Machines.

• PRESTo (UniNa) and Virtual Seismologist
(ETH) are under testing

• Standardized inputs and outputs
• Database of all realtime alerts and of bulletins 

(ISNet, INGV)

• Performance comparison:
Correctness of location and magnitude 
Promptness of the alert

CREW: Testing CenteR for Early Warning @UniNa

Picozzi M., 17.10.19 Bozen



EEWD: EARTHQUAKE EARLY WARNING DISPLAY

Application to quickly and easily understand the EW alert to the end user

Establishes a common format for the alert message 

Configurable for the region (GMPE) and local effects of interest

Picozzi M., 17.10.19 Bozen



A MOBILE APP FOR PRESTO

• Geolocate the position of the 
smartphone

• Provide a warning in case of a 
potentially damaging seismic event

• Give instructions on how to 
behave

• Easily communicate the position & 

conditions through SMS and social 
networks

Expected
Intensity

Expected
Shaking

Available
Lead Time

Instructions

EW 
APP

Strong Shaking

Basic 
Functions

HOW TO REACH THE END-USERS
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• Geolocate the position of the 
smartphone

• Provide a warning in case of a 
potentially damaging seismic event

• Give instructions on how to 
behave

• Easily communicate the position & 

conditions through SMS and social 
networks

Expected
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Functions
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A MOBILE APP FOR PRESTO

HOW TO REACH THE END-USERS
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Manconi et al., GRL, 2016
Val Pola landslide, 1987, Italy

MASS WASTING EVENTS AND SEISMIC MONITORING

Picozzi M., 17.10.19 Bozen



Pilot project: SlideQuake v0.1.0 (UniNA & CNR)

Realtime Innovative Solutions for Seismology

www.riss-srl.com

Antelao Rockslide
(2014, eastern Italian Alps)
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