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Flood eventsFlood events during Centuries during Centuries

# floods per Century# floods per Century
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1998: national law no. 267/981998: national law no. 267/98

• Basin Authorities drew up basin plans on hydrogeological Basin Authorities drew up basin plans on hydrogeological 
hazard and risk and defined guidelines to manage and mitigate hazard and risk and defined guidelines to manage and mitigate 
risk at local scalerisk at local scale

Main Italian laws on Land ProtectionMain Italian laws on Land Protection

1989: national law no. 183/891989: national law no. 183/89

• It defined hydrological-based Basin Authorities (similar to It defined hydrological-based Basin Authorities (similar to 
Hydrographic Districts) and fixed the basin scale to assess Hydrographic Districts) and fixed the basin scale to assess 
hydrogeological risks, plan mitigation actions and manage hydrogeological risks, plan mitigation actions and manage 
water resourceswater resources

NOW: European Directive 2007/60NOW: European Directive 2007/60

• Assessment, management and mitigation of flood risksAssessment, management and mitigation of flood risks

1904: King Law no. 15231904: King Law no. 1523

• On management of river buffer zoneOn management of river buffer zone



  

National Basin Authority 
Interregional Basin Authority 
Regional Basin Authority

Basin Authorities frameworkBasin Authorities framework

Arno River Basin



  

BRUCIANESI
10 – 18 hours

MONTEVARCHI
4 – 8 hours

SUBBIANO
4 – 6 hours

AreaArea: 9200 km: 9200 km22

Flood peak criticalFlood peak critical durations: durations:

NAVE di ROSANO
6 – 12 hours

FUCECCHIO
10 - 22 hours

S. GIOVANNI VENA
12 – 26 hours

FLORENCE

PISA

Arno catchment featuresArno catchment features

UFFIZI
8 – 14 hours



  

Population density (2004)Population density (2004)



  

PLANNING - Flood hazard assessment (H)PLANNING - Flood hazard assessment (H)

Synthesis levelSynthesis level
Based on hystoric flood events data and geo-Based on hystoric flood events data and geo-

morphological features.morphological features.

Detailed levelDetailed level
Hydrologic modellingHydrologic modelling

•Lumped and distributed rainfall-runoff modelsLumped and distributed rainfall-runoff models
•Geomorphological inputGeomorphological input

Hydraulic modellingHydraulic modelling
•DEM-based DEM-based 
•Quasi-2D, unsteady flow modelsQuasi-2D, unsteady flow models



  

PLANNING - Flood hazard assessment (H)PLANNING - Flood hazard assessment (H)

1966 Flood Event1966 Flood Event
2D numerical simulation 2D numerical simulation 



  

Hazard classes (PI)

             PI4  <  30yr
 

  30yr  <  PI3  <  100yr

100yr  <  PI2  <  200yr

200yr  <  PI1  <  500 yr

PLANNING - Flood hazard assessment (H)PLANNING - Flood hazard assessment (H)

Return period (log scale)

PI4 PI3 PI2 PI1

30 100 200 500     yrs



  

R = H R = H  V  V  E E  

PLANNING – Risk (R)PLANNING – Risk (R)



  

Florence  (~ 100 kmFlorence  (~ 100 km22))

5600 ettari su 10200Flooded areas [km2] 5600 ectars / 10200

Civil/Admin buildings

Commercial buildings

Bare land

PLANNING – Risk (R)PLANNING – Risk (R)

100

1.000

10.000

10 100 1000

Tempo di ritorno [anni]

R
is

ch
io

 [
M

€
]

Il rischio massimo relativo al patrimonio edificato
è connesso con l’evento T = 200 anni
e stimato in 1,1 miliardi su 50 anni
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Maximum Risk in 50 years is related 
to events having RP = 200 years



  

Logical chain of actionsLogical chain of actions

Economic value of exposed elementsEconomic value of exposed elements

VulnerabilityVulnerability

Evaluation of flood  scenariosEvaluation of flood  scenarios

Local scale protection actionsLocal scale protection actions

Emergency planningEmergency planning

Basin scale protection actionsBasin scale protection actions

Cost – benefit analysisCost – benefit analysis

MITIGATION and MANAGEMENTMITIGATION and MANAGEMENT

Hazard

Risk

Mitigation &
Management



  

FirenzeFirenze

PratoPrato

PistoiaPistoia

FiglineFigline

Borgo SLBorgo SL

EmpoliEmpoli PontassievePontassieve
PisaPisa

PontederaPontedera

ArezzoArezzoPoggibonsiPoggibonsi

CastelfiorentinoCastelfiorentino

MontevarchiMontevarchi

Main actions plan Main actions plan 
200 M€200 M€
55   Mmc for flood storage55   Mmc for flood storage

MITIGATION – structural actionsMITIGATION – structural actions



  

Flood protection at the local scaleFlood protection at the local scale

KIT

Building plans, guidelines for retrofitting existing Building plans, guidelines for retrofitting existing 
buildings and for the new onesbuildings and for the new ones

MITIGATION – non structural actionsMITIGATION – non structural actions



  

•Quantitative
•Spatially    
 distributed

QRF Arno model: Quantitative Risk ForecastQRF Arno model: Quantitative Risk Forecast

RiskRisk
forecastforecast

WeatherWeather
forecastforecast

MANAGEMENT – real time forecast systemMANAGEMENT – real time forecast system

•Quantitative
•Spatially    
 distributed



  

Inactive Inactive 
morphological morphological 

Flood pointsFlood points

Expected flooded areaExpected flooded area

Active morphological Active morphological 
Flood pointsFlood points

MANAGEMENT – real time forecast systemMANAGEMENT – real time forecast system



  

Inactive flood pointInactive flood point

Active flood pointActive flood point

Flooding areasFlooding areas

Expected flooded areaExpected flooded area

Flooding areasFlooding areas

Flooding areasFlooding areas
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