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Flash Flood Warning

HYDROLOGICAL SIMULATION

(CATCHMENT SCALE)

PRECIPITATION-BASED INDICATOR

(COSMO-LEPS)

= WARNING

THRESHOLD EXCEEDANCE ANALYSIS + PERSISTENCE
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Triggering of hydrological simulations

Two methods tested:

1. Precipitation index Kp
Maximum index of cumulated upstream precipitation for durations 3, 6, 

12, 24 hours

2. 5-km hydrological simulation (from EFAS)

Precipitation index is more accurate and conservative (no missed events)
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Precipitation Index - Example

LEAD TIME = 2-4 DAYS

Currently being implemented operationally within EFAS
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Real-time Weather Forecasts:

COSMO-LEPS (16 member) at 12:00

Static European Datasets 

-topography

-landuse

-river channel dimensions

-geology

30 year continuous COSMO hindcast

3 h, 10 km, 1 member from control run
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Meteorological data

– COSMO-LEPS 10 km: 
7/2008 - 11/2009, 3-
hourly, 10 km grid, 16 
members , lead time = 
5.5 days.

– COSMO-LEPS 7 km: 
From 12/2009, 3-hourly, 
7 km grid, 16 members, 
lead time = 5.5 days. 

– 30-year Climatology: 
(1971-2000), 3-hourly, 
10 km grid resolution,1 
member from ECMWF 
EPS control run

(Source: COSMO Consortium) 
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Hydrological simulation

Static maps, 1 km 

resolution (whole 

Europe)

LISFLOOD model
(Van der Knijff et al., 2010)

Meteo data

(COSMO-LEPS)

Initial conditions

Output discharge
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Case study

Verzasca (CH)

Area = 186 km2

17-month simulation (Jul 2008 - Nov 2009) with 

COSMO-LEPS 10 km

Comparison of simulated ensemble hydrographs with 

hourly discharge observations, for different 

forecast lead times (1 to 5 days). 
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Observed vs. Simulated discharge

A buffer time is chosen (tb=12 h) 
so that simulated peak 
discharges are sought in a time 
window (tw) around the observed 
peak (tp): tw = {tp-tb,…, tp+tb}

Comparison at the event scale, 
for a number of peak discharges 
above selected thresholds
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Peaks over threshold

Focus on peak discharges 

over a certain threshold. 

KQTHSL = 0.3 �8 events

RMSE between observed 

and simulated peak 

discharge for each lead 

time and each quantile of 

the ensemble forecast.
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Forecast performance

Some skill scores are calculated to measure the quality of the forecast:

• Probability of Detection (POD)

• Frequency of Hits (FOH)

• Frequency of Misses (FOM) 

WITH 

PERSISTENCE

A persistence criterion is tested, which 
considers only those events persistently 
simulated over 3 consecutive forecasts 
(Lead time = 2, 3, 4 day)

Reduction of False Alarms rate
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Conclusions

• A framework aimed to operational probabilistic flash flood early warning is 

being tested. The adopted methodology is derived from that of the 

European Flood Alert System (EFAS)

• Current NWPs give useful support in flash flood forecasting, though some 

limitations are found in quantitative discharge estimation (extreme events).

• Coherent meteorological climatology is extremely useful as reference to 

derive consistent warning thresholds.

• Threshold exceedance approach leads to positive results, especially when 

considering a moving window to compare observed and simulated peaks.

• Persistence of forecasts reduces the rate of false alarms. Further sensitivity 

analyses are being carried out.
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Indication from the 5 km simulation

• The main source of error is the difference between the 

drainage network (LDD) at 1km and 5km resolution
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Index of accumulated precipitation

• Kpmax = maximum index of cumulated upstream precipitation for 

durations 3, 6, 12, 24 hours

• Kpmax,1km is a better predictor of Kdis1km for severe events
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Rule to activate the 1 km simulation (3)

Comparison between Kpr and 

Kdis,5km for all the 5km pixels 

of Gardon d’Anduze
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Precipitation index – Operational results

Useful for small and fast 
responding catchments

No signals from 

EFAS 5 km

Evia Island, Greece - Sep 12th-13th, 2009 flash flood

COSMO-LEPS 16 members
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Influence of initial conditions

• The idea is to activate each regional analysis 

(1 km resolution) by taking initial conditions 

from the 5 km run

The feasibility of this approach is tested by creating two additional 

28-year discharge climatology which simulate the 1 km grid 

discharge every 10 days by taking the 5 km run initial conditions

1. Current EFAS calibration (CS)

2. Flash Flood calibration (FF) • COSMO-LEPS 30 years meteo

data

• 2 years prerun with 5 km gridSimulated discharges are compared 

to those of the undisturbed 1 km run
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10-day 10-day 10-day

Results

• The error is not proportional to K 

and therefore to discharge

• Significant error only for low 

flows, but constant in time

• FF calibration perform better 

than CS 
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Results – Comparison FF vs. CS

Error is not 

proportional to 

discharge

FF setup 

performs better 

than CS

Negligible for 

high flows


