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•Catchment Area 70.090 km2

•Main river length 652 km
•Minimum daily discharge at Pontelagoscuro 168 m3/s
•Maximum discharge at Pontelagoscuro 12.300 m3/s
•Mean annual discharge at Pontelagoscuro 1.510 m3/s
•Basin average quote 740 m a.s.l.
•Delta area 380 km2

Hydrographic limitsHydrographic limits
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Po Po BasinBasin And Public And Public AdministrationsAdministrations

ItalianItalian DepartmentDepartment of of CivilCivil ProtectionProtection

Po river basin AuthorityPo river basin Authority

Interregional Agency for the Po river Interregional Agency for the Po river basinbasin

EmiliaEmilia--Romagna Romagna RegionRegion

Lombardia Lombardia RegionRegion

Piemonte Piemonte RegionRegion

Valle d’Aosta Valle d’Aosta RegionRegion

Veneto Veneto RegionRegion
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Project Project objectivesobjectives

To develop an adequate modelling system for planning 
and management

To develop a suitable forecasting system in real time 
applications

To help the organization of flood control services
and soil defense services in advance, including civil
protection measures to manage emergencies
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Po Po floodflood modellingmodelling systemsystem

� Identification of observed hydrologic values from the monitoring
network;

� Identification of the basin closures where each Centro Funzionale 
will provide results of their modelling system;

� Identification of geometric schemes for flood propagation;

� Analysis of frequency of data acquisition;

� Realization of a number of forecasting modelling chains;

� Calibration and validation of modelling systems; 

� Realtime data assimilation;

� Realizations of user interfaces;

� Realizations of tools for simulated scenarios of possible actions;

� Realization of output system: fax, sms, web, ...
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SchematicSchematic overviewoverview of the Po projectof the Po project

HEC-HMS MIKE11 
NAM

TOPKAPI

HEC-RAS MIKE11 HD SOBEK/PAB

HMS/NAM/TOPKAPI

RAS/MIKE11/SOBEK
/PAB

First chain Second
chain

Third
chain

User config
chain

METEOROLOGICAL 
MODELS

RAINFALL
TEMPERATURE
LEVEL/DISCHARGE

Observed/Telemetry

LM/Ensemble

VALIDATION, INTERPOLATION
AND TRANSFORMATION DATA



ThematicThematic Workshop: Flash Workshop: Flash FloodsFloods and and PluvialPluvial FloodingFlooding -- Cagliari, 26Cagliari, 26--28th May 201028th May 2010HydroMeteoClimateHydroMeteoClimate
ServiceService

The The LAMI LAMI ModelModel

••The HydroThe Hydro--Meteorological Service Meteorological Service 
of Emiliaof Emilia--Romagna, ARPARomagna, ARPA--SIM, SIM, 
has been using LM as the has been using LM as the 
operational forecast model since operational forecast model since 
2001;2001;

•• LM is run twice a day (at 00UTC LM is run twice a day (at 00UTC 
and 12UTC) for 72 hours with a and 12UTC) for 72 hours with a 
spatial horizontal resolution of 2.8 spatial horizontal resolution of 2.8 
km and 40 layers in the vertical.km and 40 layers in the vertical.

•• The boundary conditions for LM The boundary conditions for LM 
are supplied by the global model of are supplied by the global model of 
the DWD (onethe DWD (one--way nesting) every way nesting) every 
hour. The initial condition is hour. The initial condition is 
provided by a provided by a mesoscalemesoscale data data 
assimilation based on a nudging assimilation based on a nudging 
techniquetechnique
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From deterministic to probabilistic From deterministic to probabilistic 
forecasting: Ensemble Prediction System forecasting: Ensemble Prediction System 
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im
 2 BUT:

atmosphere is a chaotic 
system

� small errors in initial 
conditions (different 
states of the atmosphere) 
and numerical forecast 
model uncertainties can 
lead to different results 
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HydrologicalHydrological
modelsmodels

• MIKE11-NAM
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HydrologicalHydrological
modelsmodels

• MIKE11-NAM

• HEC-HMS
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HydrologicalHydrological
modelsmodels

• MIKE11-NAM

• HEC-HMS

• TOPKAPI
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HydrodinamicHydrodinamic modelsmodels

•MIKE11-HD
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HydrodinamicHydrodinamic modelsmodels

•MIKE11-HD

•HEC-RAS
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HydrodinamicHydrodinamic modelsmodels

•MIKE11-HD

•HEC-RAS

•SOBEK
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NAMNAM--FEWS FEWS basinsbasins

NAM NAM basinsbasins::
488488
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HEC HEC basinsbasins:551:551

Upper PoUpper Po

LowerLower PoPo
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TOPKAPI TOPKAPI 
BasinsBasins
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SoilSoil typestypes
• Emilia Romagna Region pedologic map (1:250000);
• Lombardia Region pedologic map (1:250000);
• Piemonte Region pedologic map (1:250000);
• European soil database (for missing data).

272 272 soilsoil typetype classesclasses::
76 Emilia-Romagna
61 Lombardia
82 Piemonte
53 European soil database 
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Land Land useuse

River Po basin land use 
characteristics have been 
individuated with “CORINE Program 
– LAND COVER Project”. 

50 DIFFERENT LAND USES
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Cell dimensions for each sub-basin: 
200 m, 250 m, 500 m, 1000 m

Total number of cells, covering the whole Total number of cells, covering the whole 
Po basin and Romagna Region: 285.000Po basin and Romagna Region: 285.000
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MIKE MODEL MIKE MODEL 
SCHEMATIZATION APPLIED TO THE PO BASINSCHEMATIZATION APPLIED TO THE PO BASIN

410 branches
256 weirs

36 culverts
47 control structures
11380 cross sections
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HEC RAS:HEC RAS:
Po river and Emilia and Po river and Emilia and 

LombardiaLombardia streams streams 
backwater effect backwater effect 
hydraulic schemehydraulic scheme
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Compound structures Compound structures 
analysis in HEC: analysis in HEC: IsolaIsola SerafiniSerafini

hydropower reservoirhydropower reservoir
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RULES OPERATION
'livello monte' = Cross Sections:WS Elevation(Po,Serafini Adda,298159.6,Value at previous time step)

'portata monte' = Cross Sections:Flow(Po,Trebbia Nure,327408.5,Value at previous time step)
'gate-1' = Inline Structures:Gate.Opening(Po,Serafini Adda,298100,Gate #1,Value at previous time step)
'gate-2' = Inline Structures:Gate.Opening(Po,Serafini Adda,298100,Gate #2,Value at previous time step)

If ('livello monte' > 41.05) And ('livello monte' <= 41.1) Then
Gate.Opening = 1.1 * 'gate-1'
Gate.Opening = 1.1 * 'gate-2'

ElseIf ('livello monte' > 41.1) And ('livello monte' <= 41.2) Then
Gate.Opening = 1.2 * 'gate-1'
Gate.Opening = 1.2 * 'gate-2'

ElseIf ('livello monte' > 41.2) Then
Gate.Opening = 1.5 * 'gate-1'
Gate.Opening = 1.5 * 'gate-2'

End If
If ('livello monte' < 40.95) And ('livello monte' >= 40.9) Then

Gate.Opening = 0.9 * 'gate-1'
Gate.Opening = 0.9 * 'gate-2'

ElseIf ('livello monte' < 40.9) And ('livello monte' >= 40.8) Then
Gate.Opening = 0.8 * 'gate-1'
Gate.Opening = 0.8 * 'gate-2'

ElseIf ('livello monte' < 40.8) Then
Gate.Opening = 0.7 * 'gate-1'
Gate.Opening = 0.7 * 'gate-2'

End If
If ('portata monte' > 5500) Then

Gate.Opening = 8
Gate.Opening = 6.5

End If

Diversion weir in Po river Diversion weir in Po river 
((IsolaIsola SerafiniSerafini))
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Rules operations
'portata monte' = Cross Sections:Flow(Po,Trebbia Nure,327408.5,Value at current time step)

'struttura old' = Inline Structures:Structure.Total Flow(Isola Serafini,centrale,5200,Value at previous time step)
If ('portata monte' < 1100) Then

Structure.Total Flow (Fixed) = 0.9 * 'portata monte'
Else

Structure.Total Flow (Fixed) = 1000
End If

If ('portata monte' > 3000) And ('portata monte' <= 3400) Then
Structure.Total Flow (Fixed) = 750

ElseIf ('portata monte' > 3400) And ('portata monte' <= 3800) Then
Structure.Total Flow (Fixed) = 500

ElseIf ('portata monte' > 3800) And ('portata monte' <= 4200) Then
Structure.Total Flow (Fixed) = 250

ElseIf ('portata monte' > 4500) Then
Structure.Total Flow (Fixed) = 10

End If1
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Mike model Mike model implementedimplemented on Adda and Como Lakeon Adda and Como Lake
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Water level and discharge at the downstream section of 
Como lake and relations used in the numerical model.
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Data comparison between the observed outflow of the 
Lake – daily mean (green line) and the modelled outflow 
(blue line)
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ADDA ADDA –– Sub basinsSub basins
Subbasins

Presa Frodolfo

Le Prese

Torre Santa Maria

Sondrio

Fuentes

Samolaco

ComoVilla Geno

Santa Maria 
Lavello

San Pellegrino

Ponte Briolo

Canonica D’Adda

Grabiasca

Ponte Cene
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ExampleExample of of dischargedischarge reconstructionreconstruction at Ponte at Ponte BrioloBriolo
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Sesia Sesia calibrationcalibration at Palestro: at Palestro: 
yearyear 2002 2002 
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HEC model HEC model –– Taro basinTaro basin
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HEC HEC CalibrationCalibration -- Taro at Ostia ParmenseTaro at Ostia Parmense
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Dedicated switch 1Gbit
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Internet
Fews Clients
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The FEWSPo System: HARDWARE

16 Servers (multi processor – 4 GB ram each)

A total of more than 140 CPU cores
3 TB Storage (> 10 yrs)
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The Condor technology
(http://www.cs.wisc.edu/condor/)

Condor Master

Condor Cluster
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Every machine in the 
cluster can distribute the 
processes between the 
condor cluster itself and 
than retreive simulation 
results.
The Condor Master 
manage resources 
allocation and 
periodically controls job 
status.
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Real time monitoring network:

588 water level gauges

1014 rain gauges

756 temperature gauges



ThematicThematic Workshop: Flash Workshop: Flash FloodsFloods and and PluvialPluvial FloodingFlooding -- Cagliari, 26Cagliari, 26--28th May 201028th May 2010HydroMeteoClimateHydroMeteoClimate
ServiceService

PO RIVER FLOOD EVENT IN APRIL PO RIVER FLOOD EVENT IN APRIL 
20092009
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Observed precipitation
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Observed temperature
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Radar precipitation 1/2
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Radar precipitation 2/2
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LAMI rainfall forecast
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LAMI temperature forecast
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LAMI FORECAST 27 apr h20

SPATIAL INTERPOLATION 
BASED ON OBSERVATIONS 27 
apr h20

RADAR COMPOSITE MAP 27 apr h20

RAINFALL OROPA (PIEMONTE)  27 apr
h20
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Shortcuts
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LAMI mean areal rainfall
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COSMO mean areal rainfall
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POSTPOST--ELABORATION:ELABORATION:

PREDICTIVE UNCERTAINTYPREDICTIVE UNCERTAINTY

How to use in the best way measures and models to
improve reliability and efficiency of operational decisions
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DECISION MAKING 
UNDER UNCERTAINTY

In many operational problems, such as

- Flood warning; 
- Flood emergency management;
- Reservoir management;
- Etc.
decision makers must take important
decisions under the uncertainty of future 
events.
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THE DEFINITION OF
PREDICTIVE UNCERTAINTY

Predictive Uncertainty can be defined as the 
probability of occurrence of a future value of a 
predictand (such as water level, discharge or 
water volume) conditional on :

1) prior observations and knowledge
2) all the information that can be obtained on 
the future value, which is typically embodied in 
one or more meteorological, hydrological and
hydraulic model forecasts.
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THE DEFINITION OF
PREDICTIVE UNCERTAINTY

PU is obviously the uncertainty that we
have on the occurrence of a real future 
value, as for instance the water level in 
12 hours from now. 

This must not be confused with
“Emulation Uncertainty”.
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Representation of Predictive Uncertainty
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tŷ
0

100

200

300

400

500

600

700

0 100 200 300 400 500 600 700

y

ŷ
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MODEL AND PARAMETER
UNCERTAINTY

Anyway, presently available experiences show 
that marginalising parameters uncertainty, 
although statistically correct, does not
produce substantial differences from using
a best fit parameter set.
This is mostly due to the fact that the nearly
best parameters produce predictions that are
closely related among them, while the 
posterior probability, of the worst parameter
sests is obviously very low.
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MODEL AND PARAMETER
UNCERTAINTY

This is why it is more interesting to approach
the problem in terms of 

few alternative models
of widely different nature. 

I.e. a physically based model, a conceptual
model and a data driven model.
This has given rise to the development of 
several multi-model

Predictive Uncertainty Processors.
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Available Single or Multi-model 
Predictive Uncertainty Processors 

Hydrological Uncertainty Processor 
Krzysztofowicz, 1999; Krzysztofowicz and Kelly, 2000

Bayesian Model Averaging 
Raftery et al., 2003;

Model Conditional Processor 
Todini, 2008.
………………………

Krzysztofowicz, R., 1999. Bayesian theory of probabilistic forecasting via deterministic hydrologic model.
Water Resour. Res., 35, 2739–2750.

Raftery, A. E., F. Balabdaoui, T. Gneiting, and M. Polakowski, 2003. Using Bayesian model averaging to 
calibrate forecast ensembles, Tech. Rep. 440, Dep. of Stat., Univ. of Wash., Seattle.
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Po at Pontelagoscuro:  36 h forecast          
Mike11  and  MCP processed PU

MISSED ALARMS CORRECTED BY THE MCP

Threshold (h*)
Observed Level
MCP Expected Value
Hydraulic Model 
Forecast

P(h>h*) Observed
P(h>h*) MCP Forecast
MCP Binary Response
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Po at Pontelagoscuro:  36 h forecast          
Mike11  and  MCP processed PU

Threshold (h*)
Observed Level
MCP Expected Value
Hydraulic Model 
Forecast

P(h>h*) Observed
P(h>h*) MCP Forecast
MCP Binary Response

FALSE ALARM CORRECTED BY THE MCP
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Composite radarComposite radar

Gattatico
San Pietro
Capofiume
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The radar networkThe radar network
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Event description 

• A mesoscale system pass over Italy 
between 22-23 November 2007.

• Severe rain developed on the Apennine 

• Maximum of precipitation in the study 
area was around 300 mm in 3 day
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22-11-2007 12 UTC
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22-11-2007 12 UTC

23-11-2007 07 UTC
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22-11-2007 12 UTC

23-11-2007 07 UTC
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Polar Volume (Z) Z & Quality Flags

Precip. Field & 
quality characterisation

ClutterClutter clearingclearing

Anaprop Anaprop correctioncorrection

BeamBeam blockingblocking

VPRVPR

Z & quality

Quality descriptorData Processing

CompositingZ-R 

Raingauge comparisonError estimation

RawRaw data in data in polarpolar
coordinatescoordinates

ReflectivitiyReflectivitiy
correctedcorrected data and data and 
associatedassociated qualityquality

flagsflags correspondingcorresponding
toto the the differentdifferent

algorithmsalgorithms appliedapplied

FunctionFunction thatthat
syntesizesyntesize the the qualityquality

flagsflags defineddefined

SurfaceSurface
estimatedestimated

reflectivityreflectivity and and 
qualityquality data data 

RADAR QPE 
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Just few samples

anaprop

beam blocking
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Radar visibility of the Taro 
Catchment

• DTM

• BB

• Elev. Selection

• Residual BB

• Height of beam 
center above dtm
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Areal averaged precipitation 
timeseries
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your attentionyour attention


