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Main objective
Advance on the capabilities of EWS with tools to anticipate the impacts caused by storms, heavy rain and 
floods, to support the decision-making workflows of various levels of Civil Protection Agencies (CPAs), including 
their coordination and cooperation. 

Impact forecasts for storms, heavy rainfall and flash floods

Flash flood impacts (0-120 h)Storm impact nowcasting (0-3h)

Heavy rainfall, hail, lightning 

Based on radar nowcasting & ML 

European-wide exposure



Combining hazard and impact forecasts, official warnings and exposure and vulnerability datasets for 
compound impact forecasting to support coordination and cooperation of CPAs.

• Official NHMs warnings 
(Meteoalarm). 

• Gauge-adjusted OPERA QPE. 

• Probabilistic rainfall forecasts 
(0-120h).

• Storm hazard nowcasts (0-3h). 

• Hail. 

• Wind gusts. 

• Heavy rain. 

• Lightning. 

• Storm impact nowcasts (0-3 h).

• INLINE pluvial flood nowcasts 
(0-3h). 

• INLINE FF hazard forecasts 
(0-120h). 

• INLINE FF impact forecasts 
(0-120h). 

• EFAS flood forecasts. 

• EFAS rapid risk assessment. 

• Other flow observations & 
forecasts.

• Combined exposure map (1 
arcmin): 

• Population density. 

• Transportation networks. 

• Energy, health, education 
infrastructures. 

• Flood hazard maps (Floods 
Directive) 

• Critical points in flood areas 

• Other critical points.

Real-time impact forecasting for CPAs

Integrated through user-specific notifications



INLINE demonstration
• In real time (September 2025 – November 2026). 
• With the participation of an INLINE Community of Interest.



INLINE demonstration
• In real time (September 2025 – November 2026). 
• With the participation of an INLINE Community of Interest. 
• Access to the products in real time through 

• WMS/API 
• INLINE web-based platform 

• Trigger of user-specific automatic messages: 
• Regional domain and sub-division 
• Products 
• Thresholds 
• Frequency 

• Integration of local products/information (exposure, vulnerability, observations…) 
• Active participation of end users in the evaluation.



Andalusia, ES: 03-07 February 2026

03 Feb 04-05 Feb 06-07 Feb

• Almost 12.000 incidents in total (112 
incidents) 

• Over 11.000 people evacuated 
• More than 150 roads blocked 
• 1 casualty



INLINE Multi-Criteria Evaluation Framework
• Real-time demonstration with end users (access to products and notifications). 
• Extended to the INLINE CoI (40+ organisations in 21 countries).

Hydrometeorological forecasts

• Precipitation estimation
• Impact on LISFLOOD 

initialization

• Storm hazard nowcasts
• Flash flood hazard forecasts



Precipitation inputs for hydrological forecasting
• Based on the radar-based composite produced by EUMETNET OPERA. 

• Bias-adjusted with past EFAS rain-gauge observations. 

• Improved identification of artifacts.

Radar gridded

09 Sep 2026
Gauges meteo

09 Sep 2026



Precipitation inputs for hydrological forecasting
Does using radar-based precipitation observations for the fill-up period of EFAS improve the discharge 
simulations? 

Currently, 

• ~18-30-hour delay in receiving gauge observations.  
• The observation gap is filled using ECMWF IFS control member.

Forecast start

Latest rain 
observations

Gap filled with 
NWP

Two experiments (15 months):

• Long-term run: full simulation. 

• Fill-up run: filling the observation gap.

vs. gauge-based

vs. NWP-based



Example station:

Long-Term Run
Gauges meteo

Kling-Gupta efficiency (2174 stations):

KGE improvement
Radar gridded

Mastrantonas et al. (2026)



Fill-up run
Percentage of runs where the radar product is closer to observations than the current operational product. 
Only checking last time step of each Fill-Up Run. 

Qobs > Q0 Qobs > Q70 Qobs > Q90

Mastrantonas et al. (2026)



Precipitation inputs for hydrological forecasting
Forcing EFAS with radar precipitation products: 

• Improvement mainly in northern and eastern Europe 

• Usefulness increases for high quantile flows 

• Positive impact of high-res monitoring of precipitation variability. 

• Less skill in locations with dense gauge network (e.g., Germany) 

• Lower skill for locations with poor radar QPE (e.g., France) 

❖Short period of analyses prevents generalizations 

❖LTR model is positively biased to the Reference forcing due to calibration



INLINE Multi-Criteria Evaluation Framework
• Real-time demonstration with end users (access to products and notifications). 
• Extended to the INLINE CoI (40+ organisations in 21 countries).

Hydrometeorological forecasts Impact forecasts

• Precipitation estimation • CPA reports on selected events
• Impact on LISFLOOD 

initialization
• At the European scale with a 

systematic impact database

• Storm hazard nowcasts
• Flash flood hazard forecasts



Systematic evaluation against the FloodEcho impact database

Economic impacts

Transport impacts

3 2Impacts on safety

3Emergency response 3Global summary
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Li et al. (2026)



Systematic evaluation against the FloodEcho impact database

Economic impacts

Transport impacts

3 2Impacts on safety

3Emergency response 3Global summary

4

Li et al. (2026)

95 

FloodEcho GroundSource

Comparison with existing databases

Li et al. (2026)

Evaluation of INLINE FF impact
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INLINE Multi-Criteria Evaluation Framework
• Real-time demonstration with end users (access to products and notifications). 
• Integration of end users into the INLINE CoI (40+ organisations in 21 countries).

Hydrometeorological forecasts Impact forecasts Added value for emergency 
management

• Precipitation estimation • CPA reports on selected events • Survey strategy
• Impact on LISFLOOD 

initialization
• At the European scale with a 

systematic impact database

• Storm hazard nowcasts
• Flash flood hazard forecasts

Initial survey

Final survey (Dec 2026)

Notification survey



Integration in EFAS



Improvements to EFAS Radar Flash Flood Products

•1 product for flash flood impact across all lead times. 
•Animated products load much faster. 
•Forecast rainfall colour scheme consistent with other EFAS products. 
•Available beyond 5 days in the past.



Improvements to EFAS Radar Flash Flood Products

•1 product for flash flood impact across all lead times. 
•Animated products load much faster. 
•Forecast rainfall colour scheme consistent with other EFAS products. 
•Available beyond 5 days in the past. 
• Improved visualization: River catchments + river network displayed when zoomed in for more detail.



User-adapted automatic notification functionality

• Experimental service. 

• Aiming to demonstrate how 
the results could work in 
CEMS-Floods. 



User-adapted automatic notification functionality

Enabling flexibility to specify: 
• Products 
• Levels 
• Leadtime 
• Frequency

Possibility to integrate user-
provided exposure datasets



INLINE project 
Integrated pan-European rainfall and floods impact forecasts for 

cooperation in emergency management

© INLINE Consortium, 2026. Author: Marc Berenguer

Join the INLINE CoI:


