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Component of the Copernicus Emergency Mapping Service (CEMS) Early Warning & Monitoring

• Early warning system 

• Complementary information to National 
Hydrological and Meteorological Services 
(NHMS)​

• Support to international organisations and 
local decision making

• Global forecast products and data freely 
available

What is GloFAS ?

Complement 
National/regional 

services

Support 
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sharing

CEMS-Flood: European and Global Flood Awareness Systems

GloFAS



GloFAS a constant evolution



• Global hydrological ensemble forecasts updated daily
with output resolution of 0.1 degrees (~10 km)

• Highlights of expected flooding over next 30 days​

• Rapid flood mapping and rapid flood impact assessment

• Seasonal hydrological outlook showing wet/dry 
anomalies over next 16 weeks​

• Additional information as hydrographs, initial condition 
maps, forecast consistency tables and performance 
layers to help interpret results

• Complementary Global Flood Monitoring

What does GloFAS provide?



The model set-up at 

the core of GloFAS



The engine that powers GloFAS
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(1) Static maps dataset
~100 maps providing information on catchments’ morphology, land cover and land use, soil properties, water demand for 

human use (Collaborative effort: JRC and ECMWF).

GLOBAL>230000 soil profiles

Leaf area index: half the total area of green elements of the canopy per unit horizontal ground area m2/m2.                                                              

Copernicus Global Land Service LAI Collection Version 2 (2019) 1.
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Remote sensing

In situ

1https://land.copernicus.eu/global/products/LAI; 

2https://www.isric.org/ ;  

3https://esdac.jrc.ec.europa.eu/themes/soil-hydraulic-properties

Soil properties: hydraulic conductivity, saturated and residual water content, Van Genuchten parameters.                                                                    

International Soil Reference and Information Centre (ISRIC) – SoilGridsTM (2020) 2 and pedotransfer equations by Toth et al. (2015) 3.



(2) OS LISFLOOD hydrological model

LISFLOOD-OS: Semi-distributed, physically based model 

• 6 land cover fractions within a pixel;

• 3 soil layers; 

• 2 groundwater storages;

• kinematic wave routing in channels and floodplains;

• lakes and dams;

• water abstraction for anthropogenic use.

Open Source code and documentation:

https://github.com/ec-jrc/lisflood-code

https://ec-jrc.github.io/lisflood-model/

COMPUTATIONALLY EFFICIENT!

• Optimal management of large input.

• Parallel computations.
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By-pass 
flow

Snow 
melt

https://github.com/ec-jrc/lisflood-code
https://ec-jrc.github.io/lisflood-model/


(3) Calibration
WHAT IS CALIBRATION AND WHY DO WE NEED IT?

• Every model is an approximate representation of reality.

• Tuning of the parameters to improve the model capability to represent local processes.

• 14 parameters.

HOW IS GloFAS CALIBRATED?

• Comparison of model results with observations.

• GloFAS observations: in situ discharge measurements.
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available
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NOT available



(3a) Available discharge data

Black: GloFAS 3.1 (2020), 1226 stations 

Orange: GloFAS v4.0 (2023), 1996 stations!



Discharge measurements 
available

Discharge measurements 
NOT available

DONORS: calibrated 
headcatchments

(3.b) Discharge data NOT available:

parameters regionalization

 Pragmatic regionalization approach



• Discharge observations are used to calibrate the hydrological model.                                                                       

A calibrated model is more accurate.

• Discharge observations are used to evaluate the performance of the hydrological model. This 

evaluation allows the users to make an informed decision on the results of the model.

• GloFAS is constantly seeking to expand the data base of discharge observations.                                       
Detailed information is available here 
https://confluence.ecmwf.int/display/CEMS/Share+your+data+with+GloFAS

The importance of discharge observations

https://confluence.ecmwf.int/display/CEMS/Share+your+data+with+GloFAS


How are GloFAS 

forecasts generated?



Meteorological forecast 
(ECMWF)

River discharge forecasts, 
floods thresholds

INUNDATION MODEL
Flood inundation maps,
Rapid Risk Assessment

HYDROLOGICAL MODEL
daily,

0.1 degrees (~10 km)
(2023: 0.05 degrees)

How does GloFAS work?



GloFAS scope and 

essential concepts



GloFAS provides COMPLEMENTARY, PROBABILISTIC, EARLY WARNING 
information on upcoming and ongoing flood events at the global scale.

GloFAS is specifically relevant for large, transboundary catchments 
affected by riverine flooding.

As of today, GloFAS cannot model flash floods, coastal floods, urban 
floods.

• If available, always use national/regional forecasts and information to 
complement and evaluate GloFAS forecasts.

GloFAS scope and limitations



Probabilistic forecasts

 Different sources of uncertainties in the model forecast.

 Small differences in initial conditions result in diverging outcomes.

 Long-term predictions are impossible in general – there is a limit to the 
predictability of the weather.

But: we can stretch the limit of 
predictability when we quantify 
the uncertainties Possible 

evolution 

scenarios

Dim 1 Initial conditions

n weather forecasts are calculated = ensemble

all n members of the ensemble are equally likely

Ensembles are designed to capture a large variety of 
possibilities – the truth may not always be captured

Extreme events may be captured by 1 or few members



 Ensembles are most useful for early warning to prepare for serious events – in the range when weather 
forecasts are most uncertain (several days ahead)

 The closer to the event, the more accurate weather can be forecasted or even measured. Radar, satellite data 
and ground measurements can be used to establish the true conditions 

 At the beginning the differences are small 
between the ensembles. The longer the 
forecasting range, the bigger the differences

 Errors grow with time

 Ensemble forecasting increases the 
robustness of the system through multiple 
inputs. Designed to capture a large variety –
but the true outcome may not always be 
captured

Hydrological
model

Probabilistic forecasts



Thresholds computation

For floods: not the discharge is important but if the discharges EXCEED critical values

If the threshold for flooding is 
here, there is no problem

If the threshold for flooding is 
here, there is almost certainly 
a problem

If the threshold for flooding is 
here, there might be a problem

 In national institutions critical levels are computed using historical measurements and they are often linked 

to “local” phenomena: bridges overtopped, roads flooded, …

 These pieces of information are not available at the global scale.



Thresholds computation

Meteorological 
observations LISFLOOD

Discharge time series
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 Thresholds are derived 
from simulated time 
series.

 The same model setup 
and parametrisations 
are used in the 
forecasts to remain 
model consistency

Return period statistics



Thresholds computation

 Thresholds are calculated with the same method for 

every pixel of the global domain. 

 Every pixel has its own threshold derived from the local 
climatology of the pixel.



GloFAS 

Map Viewer



GloFAS: https://www.globalfloods.eu/



https://www.globalfloods.eu/accounts/signup/

How to register



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide

Quiz! What are these coloured areas?



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



GloFAS map viewer

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



Forecasts updated every day to provide an 

overview of the next 30 days

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



GloFAS map viewer: QUIZ!

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide

Which tab did I activate?



Documentation, 

users support
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2

3

1. GloFAS user guide



1. GloFAS user guide

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide



2. GloFAS wiki: detailed documentation
https://confluence.ecmwf.int/display/CEMS/Global+Flood+Awareness+System

1

2



https://confluence.ecmwf.int/display/CEMS/CEMS-Flood+Data+User+Guide

3. CEMS data user guide

1

2



ONLINE DOCUMENTATION

• GloFAS User guide: hands-on instructions on how to use the map viewer
https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide

• GloFAS wiki: detailed description of models and products
https://confluence.ecmwf.int/display/CEMS/Global+Flood+Awareness+System

• CEMS Data User guide: instructions to download GloFAS data
https://confluence.ecmwf.int/display/CEMS/CEMS-Flood+Data+User+Guide

JOIN THE COMMUNITY and HELP SHAPE THE FUTURE OF GloFAS
• Annual meetings and webinars

• User surveys

ASK FOR HELP! FLAG an ISSUE! SHARE YOUR DATA and STUDY!
• Contact form

Documentation and users support

https://www.globalfloods.eu/

https://confluence.ecmwf.int/display/CEMS/GloFAS+User+Guide
https://confluence.ecmwf.int/display/CEMS/Global+Flood+Awareness+System
https://confluence.ecmwf.int/display/CEMS/CEMS-Flood+Data+User+Guide


Shape the future 

of GloFAS!  GloFAS and GFM 2022 

annual survey

 Get in touch

https://www.globalfloods.eu/



Concept

Users needs and 
feedback

Development

Products & Service

Operation

Test & efficiency

Delivery

Products & Service

Performance

Products & Service

Iterative co—creation with 
community of users

Development and implementation cycle



STAY CONNECTED
EVENTS, ONLINE, and MAP VIEWERS

@CopernicusEMS

emergency.copernicus.eu

activations.emergency.copernicus.eu


