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•Analysis of the performance of hydro-meteorological  chain 
for flood forecasting on Maggiore Lake area (Italy)

• Check of the weather forecast errors (QPF)

• Check of the under/overestimation in the hydrological 
discharge forecasts (QDF)

• Analysis at different basin area: 
• total precipitation
• infiltrable water
• runoff
• temperature
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Aim of the work
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Mesoscale Alpine Programme  -  Demostration of Probabilistic Hydrological and 

Atmospheric Simulation of flood Events in the Alpine region (Zappa et al. 2008, Rotach et al. 2009)

 Forecast and alert support decision system (experimental test)

 Return period at least 60 days

 Return period at least 180 days

 Return period at least 10 years

Hydro-meteorological alert codes

Visualisation platform during the Map-D-Phase
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MAP-D-PHASE Project

Simulation period

Period Analysis type

June - September 2007 Post Processing

October - December 2007 Real Time

Now Real Time
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Area of study

MAGGIORE LAKE WATERSHED

Ticino basin: area (closed at Bellinzona) 1537 km2

Toce basin: area (closed at Candoglia) 1534 km2

Maggia basin: area (closed at Solduno) 902 km2

Total area (Ticino, Toce, Maggia) 3983 km2

Total Maggiore Lake: area (closed at Sesto Calende) 6598 km2
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Observations:

Weather and 
Hydro data

The Hydro-
Meteorological 

chain

Local M ~al

Modelling

Basin H ~al

Modelling

Quality 

Control

The hydro-meteorological chain

• The hydro-meteorological chain includes both probabilistic forecasting based 
on ensemble prediction systems with lead time of a few days and short-range 
forecasts based on high resolution deterministic atmospheric models. 

• The hydrological model used to generate the runoff simulations is the rainfall-
runoff distributed FEST-WB model, developed at Politecnico di Milano. The 
initial hot start is sent daily by ARPA-Piemonte that runs the same model with 
weather observations. 

• The analyzed events are: one moderate in the middle of June and one light at 
the end of November 2007. 
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MOLOCH Model (Davolio et al. 2007)

• Spatial Resolution: 2.2 km (0.02°)
• Temporal Resolution: 1 h
• Vertical levels: 50 (non-hydrostatic)
• Deterministic model, nested on BOLAM, 
nested on ECMWF
• Forecast range: +48 h
• Run starting at: 00:00 Z
• Owner: ISAC-CNR

COSMO-LEPS Model (Marsigli et al. 2005)

• Spatial Resolution: 10.0 km (0.09°)
• Temporal Resolution: 3 h
• Vertical levels: 40 (non-hydrostatic)
• Ensemble members: 16 nested 
on ECMWF EPS
• Forecast range: +132 h
• Run starting at: 12:00 Z
• Owner: ARPA Emilia-Romagna

Meteorological models
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Hydrological model: FEST-WB

Full scheme of the rainfall-runoff distributed hydrological 

model FEST-WB, physically based (Rabuffetti et al., 2008)

root zone

transmission zone

saturated zone

• Snow model:
• snow accumulation dynamics

• melting model
1
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•  Water balance: estimation of ETP with  Priestley-
Taylor empirical formula

• Surface runoff: Runoff is computed according to a 
modified SCS-CN method extended for continuous 
simulation (Ravazzani et al., 2007)

)( bams TTCM −=

sup

supinf

inf

TT

TTT

TT

a

a

a

>
<<

<

 

DEM

Soil
parameters

Vegetation
parameters

Atmospheric forcing

Surface
Runoff

Drainage

Snow
Model

Spatial interpolation: Thissen, IDW

River network 
definition

Water
balance

Routing: 
Muskingham - Cunge

Outflow hydrograph

Routing: 
Linear reservoir

( )



−=
=

PP

PP

S

L

α
α

1

• Routing: The surface flow routing is based on the 
Muskingum-Cunge method in its non-linear form with 
the time variable celerity (Montaldo et al. 2007)
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13-15 June 2007 event

Synoptic analysis over Europe: 15 June 

Radar accumulation over Maggiore 
Lake basin: 14-15 June

Day Toce Ticino Maggia

13 June 2007 4.9 7.4 6.9

14 June 2007 16.3 24.6 20.6

15 June 2007 68.2 72.7 82.1

Total 89.4 104.7 109.6

Basin mean rainfall (mm) over Toce, 
Ticino and Maggia basins 
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13-15 June 2007 event

Toce 
basin

Ticino 
basin

Maggia 
basin

H ~al simulations start at 14-06-07 00UTC
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Toce subbasins
  Q&P Observed

  Q&P Ensemble median

  Q Simulated by FEST-WB

  Q&P Moloch

  Q25th-Q75th
QPF QDF

Bogna Devero
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  Q&P Observed

  Q&P ensemble median

  Q Simulated by FEST-WB

  Q&P Moloch

  Q25th-Q75th
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21-23 November 2007 event

Synoptic analysis over Europe: 23 November 

Radar accumulation over Maggiore 
Lake basin: 22-23 November

Day Toce Ticino Maggia

13 November 2007 5.3 3.3 7.1

14 November 2007 27.7 27.6 37.0

15 November 2007 37.1 37.0 42.3

Total 70.1 67.9 86.4

Basin mean precipitation (mm) over 
Toce, Ticino and Maggia basins 
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21-23 November 2007 event

Toce 
basin

Ticino 
basin

Maggia 
basin
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Toce basin
  Q,P,T Observed

  Q,P,T Ensemble median

  Q Simulated by FEST-WB

  Q,P,T Moloch
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Maggia basin

Infiltrable water errors between E03 and FEST-
WB simulation (left) and forecasted Temperature 
of E03 (right) on 23-24 November.
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Concluding Remarks

• Two issues that, in our opinion, emerge from the work and that are important 
to be better investigated for applications in flood prediction in mountain basins 

Analyse flood prediction at different spatial scale, 
important to manage alert for small scale basins.1)

Investigate air temperature forecasted by 
meteorological models and its effect on the simulation 
of big floods.

2)

Necessity to extend analysis to a significant number of 
events (ongoing)
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