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Uncertainties in flash-flood forecasting The hydrometeorological AROME/ISBA-TOPMODEL system

Every day from September to December 2008, for  Vallon Pont d’Arc (Ardèche river), Bagnols-sur-Cèze and Boucoiran (Gardon river) :

Ø 24h-discharge forecast using ISBA-TOPMODEL driven by the pre-operational hourly AROME forecast starting from the 00UTC analysis 

Ø 48-h long initialization performed prior the forecast period using the Safran-Isba-Modcou (SIM) operational products at 8x8 km² resolution. 

Real-time deterministic forecast during autumn 2008
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21-22 October 2008 case

To simulate Mediterranean flash-flood, hydrometeorological coupling (Vincendon et al, 2009) has been developed between:

Ø the land surface model ISBA (Interaction Surface Biosphere Atmosphere, Noilhan et Planton, 1989)  

Ø a version of TOPMODEL (Beven and Kirkby, 1979) adapted to the Mediterranean context (Pellarin et al., 2002).

Towards a ensemble forecasting system for  flash-flood in HYMEX

Ensemble forecasting system for flash flood events is currently designed. As rainfall forecast is a major source of uncertainties, this system aims at sampling at best these uncertainties by coupling two approaches  :

Largest uncertainties come from the location of the heaviest precipitation with respect to the watersheds 

rather than on failure on the amount of precipitation => oriented-object approach that aims to take into 

account the location errors in the  rainfall forecast. 

Observed and forecast discharge time-series  from 1 Nov. 2008 at 12UTC to 22 Nov. 2008 at 12UTC  over the three Cévennes-Vivarais watersheds.

Rainfall amount from 1 Nov. 2008 at 12UTC to 2 Nov. 2008 at 12UTC from some members of the convective-scale ensemble or from radar estimation.

The convective-scale ensemble simulation :
Use of the large scale ARPEGE ensemble forecast (called PEARP) and convective-scale data assimilation of perturbed observations 

(see Nuissier et al, 2009).

Adding perturbation to the rainfall forecast :

Larger uncertainties for the flash-flood 

forecast due to :

Ø catchment topography 

Ø non-linearity of hydrological processes 

Ø temporal/spatial scales of precipitating 

systems leading to flash-floods.

The Cévennes-Vivarais region with its three 

main watersheds: Ardèche river 
(red/2240km²), Ceze river (green/1110km²) 

and Gardons river (blue/1090km²).

Hydrometeorological prediction is affected by several uncertainties:

Ø hydrological model error,
Ø meteorological uncertainties forecasting. 

*AROME = new convective-scale operational model of Météo-

France:

o 4 runs a day 

o 2.5km resolution => resolve deep convection processes.

o Same non-hydrostatic dynamic as Aladin (Bubnovà et al., 1995; 

Bernard, 2004) model 

o Physical parametrization from Meso-NH (Lafore et al, 1998). 

o Own data assimilation cycle running at 2.5km with analyses

performed each 3hours. 

During autumn 2008, ISBA-TOPMODEL was driven by 

meteorological forecasts from AROME* 

⇒ hourly discharges at 3 outlets of Cévennes-Vivarais predicted 

every day. 
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Ardèche river at Vallon Pont d’Arc Cèze river at Bagnols Gardon river at Boucoiran
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Ł Most of the meteorological members lead to

underestimated discharges

Ł However some members perform better than the 

simulation driven by the radar data 

Ł Location of heaviest rain with respect to the 

watersheds is crucial

Ł Rainfall chronology also important

Observed discharges

Simulation driven by rainfall from:

Bollènes radar

Operational AROME outputs
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Hourly rainfall cumulated on Boucoiran catchment for different atmospheric fields.
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Rainfall amount from 1 Nov. 2008 at 12UTC to 2 Nov. 2008 at 12UTC 

cumulated on Boucoiran catchment for different atmospheric fields.
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Ø soil moisture initial conditions,  

⇒ Need to develop methods that quantify these uncertainties 

Ø A numerical weather prediction ensemble  at convective-scale based on the AROME model (limited to about 10 members due to its high computing time cost)

Ø Additional perturbations of the rainfall forecast using an oriented-object method 

⇒ First results for 1-2 November 2008 case

Propagation of rainfall forecasting uncertainties
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Observed (black) and forecast discharge time-series for the Cèze river at 

Bagnols, 22 October 2008 : forecast discharge using the Bollene radar

precipitation estimation(red) or the AROME forecast (blue).

24-h accumulated rainfall (mm) from the Bollene radar 

precipitation estimation (left) and from the AROME forecast

(right), 22 October 2008 
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Ł weak underestimation using

radar rainfall estimation

Ł underestimation using

AROME forecast

Ł volume of rainfall (reversed 

histogram) over the watersheds 

underestimated by the  AROME 

forecast.

Ł rainfall deficit

over the watersheds 

explained by a too 

north location of the

heaviest precipitation. 

1-2 November 2008 case

Observed and forecast discharge time-series on 2 Nov. 

2008 over the Cèze at Bagnols: forecast discharge (blue) 

using the the AROME forecast; hourly observed discharge

(black).    

Ł good AROME 

forecast of quantity and 

location of rainfall over 

the watersheds  

⇒ ISBA-TOPMODEL

simulated discharges

close to the observed 

ones (chronology and

peak amplitude).
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Ø Tuning of the perturbations  added to the rainfall forecast    

=> enough but  relevant ensemble spread => better sampling of 

uncertainties in the convective-scale rainfall forecast. 

Ø Focus on the uncertainties due to the hydrological modelling

This work aims at preparing an ensemble flash-flood forecasting system that will be run during the observing periods of the HYMEX field experiment.

Future achievements : Observations needed from EOP :
For verification of ensemble flash-flood forecasting :

Ø Discharges at main outlets of the studied catchments 
(+ ungauged rivers)

Ø Soil moisture on the whole simulation domain

Ø High quality precipitation estimation

Implementation and deliverables for HYMEX :
Ø Implementation  over Cévennes-Vivarais region but also over 

other catchments of Mediterranean countries 
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Ø Deliverables : 

Ø Probabilistic rainfall products

Ø Ensemble discharge forecast from AROME/ISBA-TOPMODEL

=> French Cévennes-Vivarais region is 

well known to be prone to those hazards.

Mediterranean areas are often affected by heavy rain events and devastating flash-floods


