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MISSION
• Our mission is to contribute to creating a world that is more prepared to

the risks that communities face with regards to multiple natural events,

thanks to our unique mix of expertise, innovation and commitment.

• For this reason, we have been designing, creating and servicing reliable

and effective systems for real-time monitoring, decision-making support

and alerts during emergencies. Our solutions are used both to mitigate

the risk associated with extreme weather events and their effects on the

ground and to mitigate the impact of wildfires, as well as monitoring

water resources even from the quality point of view.

• We continuously invest in developing reliable, innovative and

interoperable technologies useful to preserve the territory and to

safeguard the population. As well as being leader in Italy, where we are

recognised for the specific customer care we provide, we supply

technologies and services all around the world through a growing network

of international partners.



OUR TEAM

SALES
(14 employees)

INNOVATION AND TECHNOLOGY
(21 employees)

OPERATIONS
(44 employees, out of which 8 are localized)

SUPPLY CHAIN
(21 employees)

STAFF, AFC, HR
(11 employees)

111 employees

200 induced employment

25 engineers

45 technicians

Directors

39 to 51

Years old



TECHNOLOGICAL 

SYSTEMS

Business model – the «CAE» Concept of System

Multi-hazard monitoring 

stations

Communication 

systems
Satellite

Radio

UMTS/GPRS

Control center

ENVIRONMENT

System & Service Integrated Approach

Conception and development

Production

Design

Installation and start-up

Maintenance

Specialized services

SERVICES

USER

COMPLETE TURN-KEY REAL 

TIME MONITORING AND 

EARLY WARNING 

SYSTEMS

 

WE GUARANTEE DATA 

AVAILABILITY, NOT ONLY 

INDIVIDUAL PRODUCTS



2016

92 employees

2022

111 employees

TURNOVER AND STAFF BETWEEN 2016 
AND 2022
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Natural Hazards & Risk Scenarios (1/5)



Natural Hazards & Risk Scenarios (2/5)



Natural Hazards & Risk Scenarios (3/5)



Environmental Hazards & Risk Scenarios (4/5)



Environmental Hazards & Risk Scenarios (5/5)

Wildfire

https://youtu.be/TkYdeFASinE


Total production since 1977…

• 7.000 automatic stations in real time

• 750 UHF radio repeaters

• 4.300 water level sensors

• 4.800 automatic precipitation gauges

• 550 wireless nodes for local connection

Today in Italy…

•  37 networks and 2.600 automatic stations 

currently under maintenance

•  15.000 measurement sensors guaranteed 

with >98% data availability in near real time

•  53 landslides equipped with monitoring and 

early warning systems covered by CAE 

maintenance services

CAE IN FIGURES

Countrywide operations, leader 

in 14 Regions



OUR MARKET SEGMENTATION: «MULTI-HAZARD REAL 
TIME MONITORING AND EARLY WARNING SYSTEM»

80%

20%

Clients

Italian Market Extra EU

80%

10%

10%

Italian Market

Italian Regional Administrations

Other Italian Local PA

Other Entities (Roads, Oil&Gas, etc.)

40%

60%

Italian Regional 
Administrations

New Projects Mainteinance



INTERNATIONAL PROJECTS: THE 
LEADERSHIP IN VIETNAM

75 AWS

• 42 HYDRO+RAIN GAUGES

• 15 RAIN GAUGES

• 1  MARINE 

• 17 METEOROLOGICAL

5 PROVINCIAL CENTERS

1 REGIONAL CENTRE

1 NATIONAL CENTRE

Italian ODA Project -

Improving Flood Forecasting 

and Warning Systems in 

Vietnam – fase I

World Bank - Strengthening 

capabilities of flood warning and 

monitoring in CuuLong delta river

101 AWS

• 89 Hydro + Rain Gauges

• 12 Meteorological

14 ADCP

13 Provincial Centers

1 Regional Centre

World Bank - Managing 

Natural Hazards Project (C2-

TB5b)

43 AWS

• water level

• rain gauge 

• staff gauge 

10 provincial data collection 

and operation center

Integration of the information 

system with Southern 

Hydromet Center

UHF + 2G Satellite + 2G 2G/3G

2009 2012 2016



INTERNATIONAL PROJECTS: THE 
LEADERSHIP IN VIETNAM

World Bank - Vietnam 

Managing Natural Hazards 

Project (comp. 3)

14 Automatic Stations

• water level

• rain gauge 

8 of 14 also include

• Camera

• Surface water speed radar 
sensor

• Water temperature

River discharge calculation. 

Integration to the Nha Trang
Regional Centre

2G/3G

2017

114 AWS

• 83 Rain Gauges

• 13 Meteorological

• 1  Marine 

• 17 Hydro + Rain Gauge

4 Provincial Centers

1 Regional Centre

1 National Centre

2G/3G

Italian ODA Project -Improving 

Flood Forecasting and Warning 

Systems in Vietnam – fase II

2018



International Projects: the leadership in Vietnam



Prime Minister and Ministry of Environment of 

Vietnam visiting the booth of CAE



RECENT INTERNATIONAL PROJECTS



Recent International Projects



RECENT INTERNATIONAL PROJECTS

65 AWS + 4 radio repeaters



RECENT INTERNATIONAL PROJECTS



RECENT INTERNATIONAL PROJECTS



RECENT INTERNATIONAL PROJECTS



RECENT INTERNATIONAL PROJECTS



Our business



Hydrological and Meteorological Monitoring



AUTOMATIC WEATHER STATION

Typically 10 meters high, tilting mast 

for easier maintenance (possibility to 

use towers).

Wind Speed and Direction, Air 

Temperature and Humidity, Direct Solar 

Radiation, Pressure, Precipitation 

Sensor and soil moisture.

Solar powered and double 

communication system.

Installation in suitable place, for both 

accuracy of measurements and safety 

of the equipment.



AUTOMATIC WEATHER STATION

Standard solution

10m flippable mast

Portable solution

Portable mast with dead weight



PG4I – STAND ALONE RAIN GAUGE



HYDROLOGICAL MONITORING STATION

Ultrasuond

Range:  0 – 20 metri

Radar

Range:  0 – 35 metri



Pressure

Range:  0 – 50 + metri

Pneumatic

Range:  0 – 15 metri

HYDROLOGICAL MONITORING STATION



TRADITIONAL SYSTEM ARCHITECTURE



EXAMPLE OF REGIONAL MONITORING NETWORK: 
OVER 400 AUTOMATIC STATIONS IN 30 YEARS

• Over 400 Automatic 

Stations

• Redundancy of 

trasmission systems

• All stations connected 

by UHF radio, 70 

radio repeaters, 100 

with additional GPRS 

Piedmont Region



1987 - 2000

SP200

2001 - 2013

SPM20

2013 - …

Mhaster

Example of Regional Monitoring Network: over 

400 automatic stations in 30 years



EXAMPLE OF REGIONAL MONITORING NETWORK: 
OVER 400 AUTOMATIC STATIONS IN 30 YEARS

These monitoring networks are multi-purpose, as measured data support hydropower 

management, agriculture irrigation, drinking water production, etc. However, in 

countries like Italy, the leading design criteria depends on the needs of natural 

hazard mitigation activities.

Measured data are necessary inputs for Alerts and Warning Bulletins.

Emilia Romagna Region



OCTOBER 11TH, 2014. THE BAGANZA RIVER 
FLOODED THE SOUTH-WEST PART OF PARMA



Real Time Monitoring Systems contribute to better Decision 

Making during emergencies, as part of «traditional» Early 

Warning Systems

❑ Bulletins describe the expected evolution of a natural phenomena over the 

following 6 to 48 hours, focussing on the effects of the phonomena at the ground.

❑ Scenarios include large geographical areas, assuming homogeneous conditions 

within it. Local risk scenarios cannot be considered individually.



The technical components of «traditional» 

Early Warning Systems

Input

Real Time 
Monitoring 

System

Radar / 
Nowcasting

Meteo 
Forecasting 

Model

Hydraulic 
Model

Hydrological 
Model

Risk Map 
(exposure)

Experience 
and 

Competence

Process

Output: 
Warning Bulletin



Input

Real Time 
Monitoring 

System

Radar / 
Nowcasting

Meteo 
Forecasting 

Model

Hydraulic 
Model

Hydrological 
Model

Risk Map 
(exposure)

Experience 
and 

Competence

Process

The technical components of «traditional» 

Early Warning Systems

Output: 
Warning Bulletin



❑ Institutional issues: this process works 

well if the Institutions have a clear 

responsibility over their duties. 

Institutional setting, therefore the 

definition of «who does what» is 

crucial.

Weaknesses of the «traditional» Early Warning Systems

Each Country sets specific responsabilities on 

selected State departments and Agencies. In Italy 

the «Functional Center Network» plays a major 

role 



In Italy, monitoring and risk evaluation activities are performed by 

Regional «Functional Centers»

Depending on the type and size of the 

risk scenario, then the emergency will ba 

«National», «Regional» or «Local».

The emergency response will be 

coordinated by the related level of the 

Governament.

The ultimate responsible authority for the 

citizen safety, will be always on the 

Town/City Mayor.
Link to «Codice di 

Protezione Civile»

DECRETO LEGISLATIVO 2 

gennaio 2018, n. 1 (Raccolta 2018)

https://www.gazzettaufficiale.it/eli/id/2018/1/22/18G00011/sg


❑ Institutional issues: this process works 

well if the Institutions have a clear 

responsibility over their duties. 

Institutional setting, therefore the 

definition of «who does what» is 

crucial.

❑ Operational issues: Citizens, local 

authorities and organizations must 

understand the warning messages 

and know what to do.

❑ Technical limits: the whole process 

takes time and updates are likely to 

be every 12 or 6 hours at shortest. 

This fits the traditional flooding 

scenario for big and medium rivers.

Weaknesses of the «traditional» Early Warning Systems

Flash Floods and local phenomena, which usually 

happen in shortest time, may require something 

different and additional.



• All the stations implement redundant 

communication network: standard 

protocols over IP radio and mobile 

back-up;

• 100 automatic stations, equipped with 

Linux OS embedded into datalogger;

• Freedom to program new 

functionalities on the datalogger 

(Python interpreter on board)

• Webservice on board each 

datalogger, as a standard interface 

for configuration, databrowsing and 

dowload

• Dataservice at the control center, for 

data exchange with other systems

• Traditional reliability offered by CAE

Regione Autonoma Valle d’Aosta: openness, 

interoperability and effectiveness 



From «real time monitoring systems» to «Real Time 

and Local Early Warning Systems»





In the year 2000, CAE was contracted to provide a local 

monitoring and early warning system for a periodical coastal 

flooding in the town of Cesenatico



In 2001, CAE engineered and implemented a local early 

warning system, based on hydrometric thresholds

Chiesa San Giacomo apostolo

Main targets:

- Optimal management of the gates to regulate the water in the 

channel, used as a local seaport

- Automatic alerts, also by mean of the local church bells 



In 2001, CAE engineered and implemented a local early 

warning system, based on hydrometric thresholds

One of the few automatic stations included into this local system



11 march 2018

In 2001, CAE engineered and implemented a local early 

warning system, based on hydrometric thresholds



In 2001, CAE engineered and implemented a local early 

warning system, based on hydrometric thresholds

24 February 

2018



Sistemi di Allerta a Protezione del Cittadino

Florence flooding in 1966



Sistemi di Allerta a Protezione del Cittadino

Simple signals are necessary but not sufficient: citizens must be trained 

and prepared.

Back at that time, the priest of a local church rang the bells to warn the local 

community about the imminent flooding… but nobody understood or trusted 

the message! 

Florence flooding in 1966



Local Early Warning Devices

Sirens/high power system 

(2000W)

Sirens/medium power

Traffic light

WIRELESS NETWORKS 

LPD MODULES

Panel displaying warning 

messages

PERIPHERAL STATION

Camera

Red light

Moving bars

Local monitoring and early warning systems:

potentiality of MHAS-based technology

Ability to configure 

up to very complex 

algorithms



«Beyond bells»: one of the first challenges of the 

new technological era

2013



Real Time Monitoring and Local Alerts

Flooded Underpasses



Examples of local monitoring and early warning systems
Pictures from Region Abruzzo, underpasses monitoring system

Pilot Project for engineering and implementation of n. 5 local early warning systems for underpasses with purpose of civil protection in the 

Municipalities of the Abruzzo Region:

Contracting authority: Functional Center of the Abruzzo Region

Contract provision:

• n. 5 control panels;

• n. 5 peripheral monitoring and early warning systems for underpass crossing in the municipalities of Tortoreto, Giulianova, Montesilvano, 

Pescara and Francavilla al Mare;

• warranty service.

Tortoreto

Giulianova



Francavilla mare

Montesilvano

Pescara

Examples of local monitoring and early warning systems
Pictures from Region Abruzzo, underpasses monitoring system

Pilot Project for engineering and implementation of n. 5 local early warning systems for underpasses with purpose of civil protection in the 

Municipalities of the Abruzzo Region:

Contracting authority: Functional Center of the Abruzzo Region

Contract provision:

• n. 5 control panels;

• n. 5 peripheral monitoring and early warning systems for underpass crossing in the municipalities of Tortoreto, Giulianova, Montesilvano, 

Pescara and Francavilla al Mare;

• warranty service.



Examples of local monitoring and early warning systems
Underpasses monitoring system



Sistemi di Allerta a Protezione del Cittadino

Normality

Early Warning

Warning

Thresholds set up 
for 2 sensors (water 
level) are exceeded

Flooded underpass 
but still under 
threshold

Underpass is 
not flooded

WEBCAM  picture each 12h

WEBCAM  picture each 12h

Remote maintenance activation 
via SMS for event management

Photoghrams WEBCAM  each 5min. 
Activation of light panels

WEBCAM  picture on event mode 
(exceeded thresholds)

Examples of local monitoring and early warning systems
Underpasses monitoring system

Giulianova Abruzzo.mp4


Sistemi di Allerta a Protezione del Cittadino

Examples of local monitoring and early warning systems
Underpasses monitoring system



Province of Reggio Emilia

Early Warning for flooded underpasses in the 

Municipality of Rubiera

• Independent local early warning system

• It can be integrated into new or pre-existing 

networks

• It does not require any software

• Use the web service hosted directly on the station

• Connected with mobile devices

• Totally independent of the mains power

• Use of double check logic for alerting



Examples of local monitoring and early warning systems
Underpass of Rubiera, province of Reggio Emilia



North South

Examples of local monitoring and early warning systems
Underpass of Rubiera, province of Reggio Emilia



Examples of local monitoring and early warning systems
Underpass of Rubiera, province of Reggio Emilia



Data access on mobile devices - tablets

Examples of local monitoring and early warning systems
Easiness of data access and use

Photo access on mobile devices - tablets

Graphs access on mobile devices - tablets Warning SMS on mobile devices - smartphones



Real Time Monitoring and Local Alerts

Flash Floods



Examples of local monitoring and early warning systems
Flood Early Warning Systems in Region Emilia-Romagna

Mitigating flood risk of Riccò Torrent in Emilia Romagna Region



Mitigating flood risk of Riccò Torrent in Emilia Romagna Region

Redundant warning system: the location is provided with one “water level + rain measurement station”. Traffic control

system can be activated by water level thresholds, only after a double check with cumulative rainfall measurement. The

station operates autonomously, on the basis of its local data acquisition.

Examples of local monitoring and early warning systems
Flood Early Warning Systems in Region Emilia-Romagna



Station

Rain gauge

Water level

Regional Control Center

GPRS

LPD

LPD

LPD

Examples of local monitoring and early warning systems
Flood Early Warning Systems in Region Emilia-Romagna

Mitigating flood risk of Riccò Torrent in Emilia Romagna Region

Redundant warning system: the location is provided with one “water level + rain measurement station”. Traffic control

system can be activated by water level thresholds, only after a double check with cumulative rainfall measurement. The

station operates autonomously, on the basis of its local data acquisition.



The small town «Ottone» hit by a flash flood in 

September 2015



Monitoring and Early Warning System for the 

Municipality of Ottone



Monitoring and Early Warning System for the 

Municipality of Ottone

Year 2018

Vulnerable mobile 

communication network, 

especially during extreme 

meteorological events.

Mayors of the small town in 

the valley complains after 4 

days without mobile network 

coverage:

«It happens often, especially 

when it rains…»



One automatic Mhaster station with an active 

role on the territory



The automatic station for rain measurement and 

alert management



Warning point with siren and connection to the light 

panel/variable messages



Warning point  with red light, independent from mains 

supply



Warning point  with red light, independent from mains 

supply



Real Time Monitoring and Local Alerts

Landslides



CASE HISTORY: CANCIA DEBRIS FLOW 
MONITORING AND EARLY WARNING SYSTEM18 July 2009



Inquadramento geografico

Salvella channel

Bus del Diau

Confluence

(1360  m absl)

Bridge

Detention basin

Boite Torrent

Case History: 

Cancia debris flow monitoring and early warning system

The Study Area



Solid Flow

Liquid 

Flow

Main Events

Cancia debris flow monitoring and early warning system

The Study Area



Sistemi di Allerta a Protezione del Cittadino

Design Criteria

➢ Redundancy

➢ Robustness

➢ Independent power supply

Targets

➢ Monitoring the triggering rainfalls

➢ Monitoring the flow transit

➢ Spreading alarms to stakeholders

➢ Studying the phenomenon

Cancia debris flow monitoring and early warning system



Cancia debris flow monitoring and early warning system

Field Devices

n.5 weather and debris flow monitoring 

stations:

• 3 rain gauges

• 6 geophones

• 4 on/off sensors

• 8 level sensors

• 2 Camera

On field warning system:

• 2 high power sirens

• 40 medium power sirens

• 10 traffic ligths

Remote messaging warning system:

• Text message (3.600 sms/min)

• Voice messages

• fax

• email



Cancia debris flow monitoring and early warning system

Field Devices



Cancia debris flow monitoring and early warning system

Field Devices



Cancia debris flow monitoring and early warning system

Field Devices



Cancia debris flow monitoring and early warning system

Field Devices



Extension of the 

alarm system

Cancia debris flow monitoring and early warning system

Field Devices



➢ Hot-Swap cluster server

➢ GPRS server

➢ UPS and emergency batteries

➢ 2 radio controllers

➢ 2 alarm activators

Cancia debris flow monitoring and early warning system

Field Devices



➢ 4 different scenarios

Normality

• Polling 30 minutes

• Alarms disabled

Attention

Pre-alarm

Alarm

• Polling 5 minutes

• Alarms disabled

• Polling 1 minute

• Alarms Stand-by

Landslide detection by 2 or 

more sensors

Heavy rainfall

Early rain

Radio Alarm 

Activation

Cancia debris flow monitoring and early warning system 

Operating logic

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=7ykk3A80wxcG1M&tbnid=7NS4v4sssuZsoM:&ved=0CAUQjRw&url=http://geography.ccsc.edu.hk/s3.htm&ei=YwIzUtvzOubE0QW1qIC4DQ&bvm=bv.52164340,d.d2k&psig=AFQjCNFpp3gNiGbmZRMnBf9ovXp50XATnw&ust=1379161034972864


Cancia debris flow monitoring and early warning system 

- Case History

➢ July 23, 2015

14:43



Cancia debris flow monitoring and early warning system 

Case History

➢ July 23, 2015

15:09 15:17

15:10

15:17

15:19



Cancia debris flow monitoring and early warning system 

Case History

➢ July 23, 2015



Cancia debris flow monitoring and early warning system 

Case History

➢ July 23, 2015 - Station 3



Cancia debris flow monitoring and early warning system 

Case History
➢ July 23, 2015 - Station 5



Cancia debris flow monitoring and early warning system 

Conclusions

➢ A monitoring and warning system, to be reliable, must avoid false alarms as well false 

positives. That can be obtained through guaranteeing the system redundancy in the 

following features:

✓ number and type of sensor

✓ power supply

✓ communication systems (at least 2)

✓ warning criteria

➢ Triggering rainfall threshold can be used as pre-alarm tool and as filter for data collected 

by other sensors. Using a rainfall threshold as indipendent parameter for an alarm 

spreading may be risky and misleading, because it requires a deep comprehension of 

triggering mechanism;

➢ It is advisable to monitor the instantaneous intensity of rain for a complete comprehension 

of debris flows triggering mechanisms, since the average intensity may not be 

representative;

➢ Rainfall must be monitored in the debris flow triggering area, since precipitations are higly 

variable with altitude in alpine environment.



Data transmission

Control Center

Satellite

Radio

2G/3G

Landslide Monitoring and EWS

Mesh Wireless Sensor 

Network (WSN)

Alarms

Local Alerts

Wireless

Remote control via

Tablet & Smartphone

Wi Fi

• Mesh Network  → Microloggers / Transmitters / Sensors powered by batteries

• Automatic base station to collect and elaborate data from the whole mesh network

• Metoerological Sensors if needed (rain gauge, thermometer, etc.)

• Telecommunication technologies (satellite, 3g, radio UHF, others.)

• Monitoring room for data collection, validation and analysis

• Alert systems, either SMS/Mobile based or by mean of locally distributed alarming 

equipment (sirens, traffic lights, others)



98

Supported sensors

Extensometers

Load cells

Pressure cells



Supported sensors

Piezometers

Inclinometers

Tiltmeters

Accelerometers



Monitoring and Early Warning for Landslide at 

Civitacampomarano (CB)

March 2017



Landslide area – red evacuated zone

Monitoring and Early Warning for Landslide at 

Civitacampomarano (CB)



n. 1 automatic station for building structural 

monitoring:

• 1 rain gauge

• 1 air temperature sensor

• 1 radio in UHF band

• 1 GPRS/UMTS

• 15 W-POINT nodes connected to 2 

piezometric sensors; 7 gap meters; 10 

biaxial clinometric sensors

Monitoring Center:

• Workstation with software

• Router

• Ups

• Radio receiver

Alerting system with instant messanging:

• Sms 

• Vocal messages

• Fax

• Mail

Sito Smartweb 

Synoptic Panel

e-mail

SMS

Telefono

Fax

Monitoring and Early Warning for Landslide at 

Civitacampomarano (CB) – System Components



Sensors in field - Civitacampomarano (CB)



Mesh net

Regional Center:

Campochiaro (CB)

Stazione

GPRS (15’)

Town Admin

Radio Molise 

(15’)

CAE

WEB Portal

Wireless Link

Monitoring and Early Warning System

Architecture – Civitacampomarano (CB)

Full Regional System Data 

Transmission (15’)



Sistemi di Allerta a Protezione del Cittadino

One day, should you be in charge of proposing 

a non structural solution for a local natural 

hazard, additionally to all the scientific factors, 

please consider that… 

Automatic Stations included into the real time networks dedicated to hydrological and 

meteorological monitoring, are ready to become «active» tools to alert citizens when 

predetermined scenarios occur. Sirens, sms, mobile apps, traffic lights can be integrated as 

part of the local alerting systems. 

Regardless of using existing automatic stations or designing a new local monitoring and 

early warning system, remember that these systems need to:

1. Have an owner administration, responsible for it

2. Be properly maintained; a budget must be allocated

3. Purchased as «systems» (best value for money awarding criteria, with quality and 

price evaluation) and not as «goods» (lowest price awarding criteria).

4. Be included into updated Local Civil Protection plans

5. Be explained to population



Sistemi di Allerta a Protezione del Cittadino

Local alerting systems should be designed to:

• Work properly during extreme weather

• Independent power supply for all and each elements

• Independent and redundant communication system, especially with regard to 

the main scope of the system

• Limitate «false positive» (double check, conditioned change of «status»)

• Limitate «missed positive» (redundant architecture)

• Activate simple alerting messages, easy to understand

One day, should you be in charge of proposing 

a non structural solution for a local natural 

hazard, additionally to all the scientific factors, 

please consider that… 



THANK YOU
GRAZIE 
谢谢你们
GRAZIAS

GUIDO BERNARDI – GUIDO.BERNARDI@CAE.IT

And….. Call us!

mailto:guido.bernardi@cae.it


Guido Bernardi, Vice-President

CAE S.p.A.

www.cae.it 

guido.bernardi@cae.it

Thanks

Todi, Italy, 25 August 2023
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