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What is CIMA Foundation? 

CIMA Foundation (International Centre on  
Environmental Monitoring) is a non-profit 
private research institution 

The Founding Institutions 

 

 

 

 Its research aims to improve the knowledge in 
the field of natural hazards and unnantural 
disasters to answer the request of security of 
the modern society, both in developed and 
developing countries 

Civil Protection dept.  Univ. Of Genova   Liguria Region Province of Savona  



Institutions University 

The System 

International cooperation 

Private Companies 

Operational services 

A C H A B 
CIMA is supporting UNISDR in the Global 

Assessment Report (GAR) 
It Is responsible for the Flood Model 

And provides experts  in flood-related initiatives  

http://www.dlr.de/
http://www.cnr.it/
http://www.hidmet.gov.rs/index_eng.php
http://www.upm.es/


EWS & DRR 

Reconstruction 

Prevention 

Structural 

Mitigation 

Response 

Recovery 

Disaster 
Disaster Risk 

Reduction Cycle 

Prediction & Prevention  

non structural 

Civil Protection Actions 

EWS supported ..Pre-disaster activities that are undertaken 
within the context of disaster risk management 

and are based on sound risk analysis. This 
includes the development/enhancement of an 

overall preparedness strategy, policy, 
institutional structure, warning and forecasting 

capabilities, and plans that define measures 
geared to helping at-risk communities safeguard 
their lives and assets by being alert to hazards 
and taking appropriate action in the face of an 
imminent threat or an actual disaster (ISDR’s 

definition)… 
  UN-ISDR 



REAL TIME DEFERRED TIME 

ORDINARY ACTIVITIES OF 
PLANNING AND PROGRAMMING 
OF ACTIONS TO ENSURE THE 

PROMOTION OF THE 
CONSERVATION AND 

RECOVERY OF 
ENVIRONMENTAL AND 

TERRITORIAL CONDITIONS 
CONFORM TO THE INTERESTS 

OF THE COMMUNITY AND 
QUALITY OF LIFE… 

CIVIL PROTECTION SOIL CONSERVATION SERVICES, 
ENVIRONMENTAL PROTECTION 

AGENCIES …. 

EXCEPTIONAL AND 
TEMPORARY ACTIVITIES TO 

GIVE URGENT AND 
NECESSARY ACTIONS 
AIMED TO PROTECT 
INTEGRITY OF LIFE, 

PROPERTY, AND 
SETTLEMENTS FROM 

DAMAGE ARISING FROM 
ENVIRONMENTAL 

HAZARDS... 

Actions of contrast and mitigation of predicted risk 
scenarios 

 



Forest Fires 

Look to the forest; To 
CP only air operations 

L.225/92 

“Servizio Nazionale di 
Protezione Civile” 

foresight but not perfectly clear 
distinction among CP activities 

and activities that allow 
sustainable development 

L.183/89 

Soil conservation  and 
defense from soil and 

water 

L.267/98 

-Forecasting and perimetration of 
the high-risk areas BUT with 

weaknesses: Some instruments (e.g., 
relocation) not properly governed; 
Activities not adequately funded; 

Does not allow for a reasonable 
emergency planning (e.g. areas 

affected by landslide ...) 

L.353/00 

Dir. P.C.M. 
2003 

Addresses the organization of 
the intervention mode 

National Alert System  

definition of national procedures  
(par. 5 sect.5 of L.401/2001) 

OPCM 
2007/2008 

“Manual” 

Municipal and 
intermunicipal Civil 
Protection plan for 

the “interface” 
forest fire risk  and 

hydraulic and 
hydrogeological risk 

Dir.P.C.M. 2008 

Organisation and operation of 
the system at the SALA 

SITUAZIONI ITALIA of DPC 

Dir.P.C.M. 2004 

Italian Civil Protection: the history of legislation 

Set up of effective Civil Protection Systems 
supported by EWS is a long process 

In Italy it took 20 years!  
 
 

In 2010 OECD stated that 
“… The Italian Civil Protection system offers a rich 
source of best practices for their consideration…” 

 
Source: OECD Reviews of Risk Management Policies 

Italy - Review of the Italian National Civil Protection System, 2010 



Scene & Scenarios 

• Scene: is a still image of a 
present moment of a disaster.  

 
 
 

• Scenario: is the set of 
observational data (both in-situ 
and remotely sensed) and 
model outputs of a process at a 
given moment during a disaster.  



“Foreshadowed (préfiguré)” Risk Scenarios (deferred time) 

It is defined as a “foreshadowed risk scenario”, an 
“average” risk scenario evaluated on reference values of 
variables characterizing the possible event and its ground 

effects, using both historical knowledge and modeling of the 
most likely  evolution of the events . 

Risk scenario (real time) 

Is the space-time evolution of the risk, due to the space and 
time evolution of the possible (or already occurring) events 

and to the distribution and consistency of the estimated 
exposed and their vulnerability, even as a result of 

enforcement actions. 

REAL TIME – DEFERRED TIME  
CONNECTIONS 



Making risk scenarios… 

1
0 

… All these variables depends on  

and  and defines the risk in the most 

classical way…. 

 Identification, quantification and delimitation of HAZARD (H) 

 Location, numerosity (N) and value for different economic categories of exposed (E) 

 Evaluation of total vulnerability (V)  

 Definition of expected damage (D) produced by the expected event, E x V 

R = H x E x V = P x D 

Risk scenarios are made through: 



The Residual Risk is the result of the permanent 
risk mitigation planning (deferred time) 

Hazard Reduction 
e.g. intervention 

on hydraulic 
infrastructures 

(levees, bridges..) 

Intervention on 
exposed elements 
e.g. Relocation of 
buildings in high 

risk areas 
Intervention programmes 

defined by suitable 
legislation during  the 

deferred time  

Vulnerability 
reduction e.g. 

zoning 
regulations 

regarding the 
use of ground 

floors and 
basements 

The Residual Risk (RR) must be addressed by CP actions during 
real-time 

Potential Flood area 
before the 

intervention 

Potential Flood area 
after the 

intervention 

e.g.,: electric  
system control 

relocation 

Residual Risk 



A simple example of Residual Risk 

T=50 yrs 

T=200 yrs 

Residual 
Risk 

Local defense 
measure against 

flooding to reduce the 
inidation frequency 

High vulnerability to Very 
frequent inundation  

(T=5-10 years) 

Very low probabilities 
of rare events remain – 

Civil Protection 
warnings, insurance 



RR [(HR/ IP)  x  (ER/ IN )  x  (VR/ IV)] 
Prediction of the 

risk scenario Contrast and 
urgent 

technical 
intervention Relief and 

assistance to 
the population 

Procedure for the early 
warning system for civil 

protection and activation 
of the operational 

response Procedure for the 
determination and 
adoption of critical 

levels 

EARLY WARNING 
SYSTEM INTERVENTION AND OPERATIONAL 

RESPONSE 

CYCLE OF EMERGENCY PLANNING AND CIVIL PROTECTION 

Real time management of residual risk 



EWS Definition 

• An early warning system is a set of procedures 
designed to protect human lives and minimize 
damages to be expected from a flood which 
exceeds a certain critical level.  

• It consists of a number of related and 
connected parts:  
• forecasting,  

• transformation of the forecast into a warning,  

• transmission of the warning to local decision makers,  

• conversion of the warning into remedial action 
(UN/ISDR, 2004). 



Regional 
operations        

room 

Local 
authority 

Prefect 
C.C.S. 

decision room 

Prefecture 
operations        

room C.O.M. 

C.O.M. 

C.O.M. 

REGIONAL LEVEL 

b 
PROVINCIAL LEVEL 

Regional 
“Centri 

Funzionali” 

a 

MUNICIPAL LEVEL 
Mayor 
C.O.C. 

decision and operations 
room 

NATIONAL LEVEL 

c 

DI.COMA.C.    
(on site) 

Head of 
Department 

Major Risks 
Committee 

“Centro 
Funzionale” 

“Centri di 
Competenza” 

Operational 
Committee 

Operations 
room 

Provincial 
operations        

room 

Province 
President 

decision room 

“in situ” 
operational 

teams 
EMERGENCY 

SYSTEM EMERGENCY FACING  

EWS and CP actions in the Italian system 



Weather Reports and notices Alert levels 

Pre-alert 

Attention 

Pre-Alarm 

Alarm 

Critical Level 

Moderate 

High 

Event started 

Ordinary Bulletin 

Advice 

Advice 

Monitoring report 

TECHNICAL LEVEL POLITICAL LEVEL 

Transformation from forecasting to warning 

Basic relations between critical and alert 
levels  



Communication to decision makers 

I Meteo warning message 



II Risk level warning message 

Communication to decision makers 



National Fire 
Brigades 

Army 
Navy 

Police 

Regions and Local 
Autonomies 

Italian Red 
Cross 

State Corps 
of Foresters 

APAT 
INGV 

Alpine Rescue 
Corps 

National 
health 
system 

CNR 

ENEA 

Volunteers 
organisations 

Head  
Department of 

Civil Protection 

. . the Operational Commitee … 
It is set up within the Department of Civil Protection to ensure a unified 
direction and coordination of emergency management 

RID 

ANAS Highway 

Telecom 

RFI 

Postmaster  

Railway 

ENEL 

CNMCA 

Vodafone Wind 
Tim 

RAI 

ENAC 

ENAV 



CFC @ DPC 

 The “Centri Funzionali” 

CFs are in charge 
of the Monitoring 

NTWK and (dep. on 
capabilities) of 

Forecasting System 



The Expert Centers... 



Is that enough? The Genova 2011 Case 



Fonte, Comune di Genova:  

http://www.comune.genova.it/content/stato-di-allerta-2-idrogeologico-provvedimenti-
assunti-dal-comitato-di-protezione-civile  

Maximum alert one day in advance (nov 3rd) 
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The Emergency plan of the Municipality of Genova 

Il Comitato acquisite le necessarie informazioni, anche in merito all'avvenuta  attivazione delle procedure 
previste dai  Piani Operativi  Interni, valuta ed eventualmente dispone, in relazione  alle condizioni ed alle 

necessità che gli eventi in atto configurano, quanto segue: 
 

•Assume i provvedimenti urgenti eventualmente necessari per la mitigazione dei rischi, quali la sospensione 
di attività e servizi, l'eventuale interdizione dell'accesso ad aree e locali soggetti ad allagamento, e la 

chiusura al transito delle strade e dei ponti nelle zone del territorio oggetto delle segnalazioni di imminente 
esondazione,  

o comunque in relazione alle notizie acquisite sugli eventi in atto;  
tenuto anche conto delle indicazioni dei Piani di Bacino 

Interruption of viabil  
in flood prone area  



Maps of the flood risk prone 
areas –Marassi / via Fereggiano 



Interruption of viability in 
flood prone areas? (nov. 4th) 

Source: 
youreporter.it 





Now let’s focus on the technical 
aspects 

Basics of real time hydro-
meteorological modelling for EWS 



-6 -12 -18 -24 -30 -36 0 

Monitoring 

Rainfall starts Flood starts 

100% 
Weather forecast 

Time 

Planning of CP activities 

+2 

The Forecasting Phase: Real time predictions (Forecast) 
of the residual risk  scenario 



I - Data: Have rapid and effective access to 
information 

Forecast Instrumental Monitoring 

Non instrumental 
monitoring 

Analysis 

Ecmwf 
Cosmo LAMI Flood  

models 
WRF 

Satellite
s 

Radar Ground networks 

Crowdsoucing 

Hazard maps 

Historical 

vulnerability 
damage 

Pilot projects 

Opera 

International 

Hsaf 

Radar CS 

Operationa
l structures 

Territorial  
control 

Compliant  
with 

The INSPIRE  
directive 

OGC compliant 



RT STATION OBSERVATIONS 

AMC DA 

NWP 

HAVING IT 
ALL 

TOGETHER: 
INPUTS 



TEMPERATURE 

RAINFALL 

SWE 

HAVING IT ALL  
TOGETHER:  

DATA SPATIALIZATION 
METHODS 



STREAM FLOW FORECASTS 

FLOOD WAVE MONITORING 

HAVING IT ALL  
TOGETHER:  

FORECASTS & 
MONITORING 



Spatial Comparison and Integration 

85 IDROM PORT 

419 RADIOMETRO 

244 BAROMETRO 

835 ANEMOMETRO 

926 DIR VENTO 

581 IGROMETRO 

1984 TERMOMETRO 

225 NIVOMETRO 

1378 IDROMETRO 

2517 PLUVIOMETRO 



Temporal integration 



II – Forecasting floods 

• Scales involved (time-space) 

• Uncertainty 

• Data available 

• Connectiong flood forecast and scenarios 

 



Understanding Space & Timescales for FFS 

NWP No NWP 

Time Tc / Ts 

Sp
ac

e 
L m

et
 / 

L h
yd

ro
 

Siccardi et al., JGR, 2005 

Unreliable 

Reliable 

Single Basin 

Multi Basin 

Deterministic coupling 

Stochastic coupling 



Understanding Uncertainty: Prediction vs Forecast 



FFS calibration: a data driven & never finished process  



6-hourly 
precipitatio
n over the 

basin Outlet river 
discharge 

Relative soil 
saturation 2005 

A crucial problem whose solution may take most advantage of data 
assimilation techniques, especially with remote sensing observations: 

The hyper-sensitivity of the hydrologic flood response to 
‘antecedent’ soil moisture conditions 

Upper Arno 
basin 

(~800 km2) 

??? 

!!!!! 

Event vs 
Continuous 

models 



Antecedent soil moisture 
condition 

A 30% increase in 
relative soil saturation 
caused an eight-fold 

enhancement of flood 
basin response  



Physically based models 



Deal with data hungry models 



Improving interpretation of FF results: 
Translating this into procedures 

0

1
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0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240

H
 [

m
] 

Time [h] 

OBSERVED HYDROGRAPH 

NO QPFs 

Deterministic LAM Fc  

Ensemble LAM Fcst 

Analisi Previsioni 
Meteorologiche 

Analisi Previsioni Idro 
Deterministiche su sezioni di 

riferimento delle aste 
individuate

Evento 
Previsto?

Sì

Ci sono aste 
potenzialmente 

critiche?
No

Sì

Nota: la criticità è da 
individuare sulla base 

dello scenario 
previsto.

Sono 
disponibili le 

previsioni Idro?

Sì

No

Segnalazione 
Anomalia del Sistema

La criticità è a 
scala del bacino 

del Po?
NoSì

Valutazione sulla 
base degli scenari di 

precipitazione

Attivazione Fase 
di Vigilanza

Attivazione Fase 
di Monitoraggio

Sono 
disponibili le 

previsioni 
Meteo?

Sì

No

No

Ricezione Bollettini di Criticità 
Regionale

Dai bollettini 
emergono 
criticità?

Sì

Si permane nella 
Fase di Previsione

No

Contatto di confronto con i CF che 
hanno segnalato criticità

Esito del 
confronto ?

Nessun 
Evento

Evento 
Sull’Asta

Evento sugli
affluenti

Analisi Previsioni Idro 
Probabilistiche su sezioni di 

riferimento delle aste 
individuate

L’utilizzo operativo 
delle  previsioni 

probabilistiche potrà 
avvenire solamente a 
valle di un periodo di 
sperimentazione che 

porti alla definizione di 
soglie in probabilità e 
ne dimostri l’efficacia

Fase Previsione



 



Sfiori non attivi 

Sfiori attivi 

APE 

Potentially critical area for the predicted event 

APE 

APE 

… by determining the areas potentially floodable 
(APE), resulting from the rainfall-runoff modeling 

and propagation of flood… 



Strategy: 

•river branches potentially insufficient and areas 
potentially flooded 

• assets potentially at risk, shown in tabular and 
graphic formats in thematic maps at proper scale 

with associated value and vulnerability 

... we obtain the dynamics of the risk scenario: 

Real time predictions (Forecast) of the residual 
risk  scenario 



4
9 



Syntesis 
Alert levels for Italy, June 20th, 2012 



“…in the Civil Protection world, now and immediately are 
not synonymous since to operate as we do it is necessary to 

have specific tools available, operational procedures and 
structures that are functioning on a 24 hour basis every day 

and, above all, decision making procedures capable of 
adopting” measures: 

 
•ORGANIZED 
•EFICCIENT 
•TIMELY 
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