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Floods: a well known threat in the Mediterranean

• In Italy 7178 flood events occurred from 1918 to 1994; about 40% of the 
Italian municipalities were involved.

•The flood event occurred along the Po River in 1994 caused 64 deaths. 
About 10000 people lost their homes. 

• In the year 2000 an analogous event caused 25 deaths and the evacuation of 
about 40000 people.

•While flood events that occur on large river basin can be effectively 
managed by implementing flood control strategies, flash floods represent a 
relevant scientific challenge.

•The lead time of the hydrologic prediction during flash floods is too reduced 
for issuing an effective warning.
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22/09/1992 - 15.40 22/09/1992 - 15.45

Flash flood along the Quliano River, Liguria Region (Italy) – 22/09/1992
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Flood event in the upper Po River basin
May 29, 2008
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Is the risk of flood increased in the recent past?
Relevant role played by human induced modifications along the river bed

• Land-use is deeply changed in 

Italy in the last 50 years.

• Land-use changes: Arno river at 

Subbiano –Arezzo’s District-

during 1954-1993

(Source: National Authority for 

the Arno River, Florence).

• Even if the volume of the flood 

hydrograph is not increased, the 

peak river flow is probably 

increasing

1954

1993
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Lenghtening of the levees of the Po River along the last 300 years

Levee system of the Po river
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Is the risk of flood increased in the recent past?
• Relevant role played by human induced modifications along the river bed
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Maximum water level of the Po River for several floods

Maximum water levels for several floods
of the Po river at Piacenza

(from 1801 to 2000)
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Genesis of flash floods

•Flash floods occur after intense rainstorms associated to limited soil 
infiltration capacity (impervious areas or rainstorm occurring on saturated 
soil).

• Steep slopes, narrow valley bottoms, limited concentration time, previous 
fires,  debris accumulated along the river bed increase the chance of flash 
floods.

•Flash floods have sudden nature and very often the population is
unprepared to their occurrence. The time scale of development of a flash 
flood is usually less than 6 hours.

•An effective flood warning would significantly reduce the damages induced 
by flash floods.
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Accompanying hazards

•Failure of 
infrastructures

•Mud flows and 
landslides, 
debris flows

•Deposition of 
sediments
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Accompanying hazards: debris flow and sewer floods
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Integrated real time flood forecasting systems

•Real time rainfall forecasting coupled with hydrological forecasting.

•Rainfall forecasting should be provided at fine spatial scale.

•Rainfall forecasting is significantly improved in the latter years. The 
reliability of deterministic and ensemble predictions is greatly increased. 
However, the rainfall input uncertainty is still relevant in view of the non 
linear behavior of the hydrological model at fine time scales.
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An example. 
The D-phase forecast demonstration project

• D-Phase Forecast Demonstration 
Project of the World Weather 
Research of the World 
Meteorological Organisation (MAP 

D-PHASE, ‘Hydrology and End-
users’ Working Group, chaired by R. 

Ranzi and C. Hegg).

• It aims at demonstrating the 
ability of forecasting heavy
precipitation and related flooding
events in the Alpine region. 
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Taro at Pontetaro - Nov 2007 – CLEPS (2007 11 23 12:00)

Courtesy by Giovanna Grossi, University of Brescia (Italy)

Hydrological 
model: 
DIMOSOP 
(spatially 
distributed, 
conceptual)
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Taro at Pontetaro - Nov 2007 - ISACMOL2 (2007 11 24 00:00)

Courtesy by Giovanna Grossi, University of Brescia (Italy)

Hydrological 
model: 
DIMOSOP 
(spatially 
distributed, 
conceptual)
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Flash floods: why hydrological prediction is 
highly uncertain?

•The need for extending the prediction lead time makes it necessary
to use rainfall forecasts, instead of observations, for feeding
rainfall-runoff models.

•The very rapid development of flash floods and their reduced spatial scale 
amplifies the non linear behaviors of the rainfall-runoff transformation. In 
practical words, the process becomes “less linear”.

• It follows that the effect of uncertainties in observed data and model 
structure are amplified, therefore increasing to a great extent the 
uncertainty of the hydrological model output (river discharge prediction).

•Model calibration is usually performed by referring to situations where non 
linearity is not as much emphasised. This is one of the reasons that leads to 
a strong deterioration of the forecast reliability in practical cases. 
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• Input uncertainty

• Parameter uncertainty

• Model uncertainty

Linearity Non 
linearity 

Uncertainty and non linearity
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Way forward: reducing and estimating
the hydrological uncertainty

• “Reduce the non-linearity” 

•Reduce input uncertainty (uncertainty of the meteorological forecasting; 
not dealt with here).

•Reduce the uncertainty of the hydrological model.

•Estimate the uncertainty of the forecast (quantify confidence bands for the 
forecast).
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Reducing non linearity can be accomplished by 
exploiting additional information.

Rainfall
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Way forward: Reducing non linearity can be 
accomplished by exploiting additional information.
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(part of non 
linearity removed)
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Way forward: reducing the uncertainty of the 
rainfall-runoff model

•Physically-based models: can take into account different types of 
information.

•Emerging necessity to profit from all the available information 
(topographical information; tracer studies; shape of the river network; 
vegetation cover; etc). Physically based model can be a valuable tool to this 
end.

•Collection of additional information (flood data, remote sensing, spatially 
distributed information). The future of hydrological modelling is strictly 
related to the acquisition of new hydrological information.
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Way forward: estimating the hydrological uncertainty
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Multiregressive approach: estimate the probability distribution of the forecast error 
depending on a selected number of explanatory variables.

A statistical approach for estimating
the forecast uncertainty

(Montanari and Grossi, 2008; submitted)

Linear regression of error against 
explanatory variables in the 

Gaussian domain

Check the goodness of 
the fit provided by the 

regression

Identify a number of 
explanatory variables 
for the forecast error

Error and explanatory variables are 
transformed to the Gaussian 
(Normal) distribution

NQT

Explanatory variables 
(for instance state 

variables of the model)

Forecast error in 
the Gaussian 
domain

Forecast errorNQT-1
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An example of application
Secchia River Basin – Italy – Synthetic data

1 hour ahead forecast

Precipitation forecast: persistent model; 

future rainfall equal to last observed 

rainfall (naive model)

Forecast performed with the HYMOD 

hydrological model
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An example of application
Secchia River Basin – Italy – Synthetic data

1 hour ahead forecast

Computation of the confidence bands in validation mode. Emulation of real
application, forecast computed each hour of the event

o Observed points

-- 1-hour ahead forecast

-- 95% confidence bands
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An example of application
Secchia River Basin – Italy – Synthetic data

3 hour ahead forecast

Computation of the 95% confidence bands in validation mode. Emulation of 
real application, forecast computed each hour of the event

o Observed points

-- 1-hour ahead forecast

-- 95% confidence bands
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Concluding remarks

•The prediction of flash floods still represents a challenge for the scientific 
community.

•The uncertainty in real time flood forecasting is remarkable - It is reduced 
only for floods evolving on long time scales (hydrological models are more 
close to the linear approximation). For flash floods the uncertainty still 
prevents a reliable operational application in the Mediterranean area.

•Need for:

- reducing the uncertainty of hydrological models;
- take advantage from new information and new tools.

EGU2009 FOCUS SESSION: “NEW INSTRUMENTS AND 
INFORMATION IN HYDROLOGICAL MODELLING”
Vienna, 19-24 April, 2009


