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A year of hydrological forecast advancements in support 
of the Copernicus Emergency Management Service
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Climate change is modifying flood attributes in complex ways
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Blöschl et al. (2017) Changing climate 
shifts timing of European
Floods, Science

Blöschl et al. (2019) Changing climate 
both increases and decreases European 
river floods, Nature

Berghuijs et al. (2019) Growing spatial 
scales of synchronous river flooding in 
Europe, GRL

Flood Timing Flood Magnitude Flood Spatial scale



Emergency
Management

CEMS Early Warning & Monitoring 
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EFAS & GloFAS consortium
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Computation 
(COMP)

Hydrological data collection 
(HYDRO)

Mereological data collection 
(METEO)

Analytics & Dissemination 
(DISS)

• Pre-/-post-processing data
• Hydrological modelling chain
• Web & data delivery services
• Operational 24/7
• Products & Evaluation
• Collaborate in Earth System 

Science R&D
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Major & minor upgrades to EFAS & GloFAS since 2020 

5

Oct 
2020

…

EFAS v3.5 (minor)
Update static maps

New EFAS climatology

Minor web map 
viewer improvements

Mar 
2020

…

May 
2021

…

…

Dec 
2020

GloFAS v2.2 (minor)
New GloFAS datasets in 

MARS/CDS
New web and improved 

products
New forecast skill layer

EFAS v4 (major)
From 24hr to 6hr 

time-step
Major calibration at 

1137 stations
New evaluation layers

GloFAS v3 (major)
New hydrological modelling 
system & calibration based 

on full configuration of 
LISFLOOD

New evaluation layers
Improved rapid flood 

mapping products
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EFAS v4: Changes to hydrological modelling

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

In EFAS 4:
Ø 5 x 5 km horizontal resolution
Ø 6 hr model steps
Ø Improved location of river gauges on the 

model river network
Ø More strict physical ranges for calibration 

parameters
Ø 1137 calibration stations
Ø ~50 % of EFAS domain area belongs to a 

calibrated catchment (~4 million km2 over ~9 
million km2 )
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EFAS v4: Hydrological model performance 
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Difference in KGE' between EFAS4 and EFAS3

EFAS4
Is better

EFAS4 
better

Modified Kling-Gupta Efficiency:

𝐊𝐆𝐄′ = 𝟏 − (𝐫 − 𝟏)𝟐+(𝛃 − 𝟏)𝟐+(𝛄 − 𝟏)𝟐

𝐂𝐨𝐫𝐫. , 𝐫; 𝐁𝐢𝐚𝐬, 𝛃 = 𝛍𝐬
𝛍𝐨
; 𝐕𝐚𝐫. , 𝛄 = ⁄𝛔𝐬 𝛍𝐬

⁄𝛔𝐨 𝛍𝐨



Emergency
Management

GloFAS v3: Changes to hydrological modelling 

• GloFAS v2.1: HTESSEL to compute 
surface and subsurface runoff; 
LISFLOOD to compute river routing 

• GloFAS v3.1: LISFLOOD to model all 
the hydrological processes

• Better control on all calibration 
parameters through the use of only 
one model

• Same modelling framework for GloFAS
and EFAS so that any modelling 
development benefits both early 
warning systems

HTESSEL
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GloFAS v3: Hydrological model performance 
• Full hydrological calibration: overall improvement
• Moderate to high performance in 47% of catchments in GloFAS v3.1 (compared with 18% in 

GloFAS v2.1)
• Best performance: middle and higher latitudes of North America, Europe and Asia and areas in 

South America (where v3.1 is clearly better than v2.1)
• Worse performance: much of Africa and other areas mainly in the tropics (where v3.1 is 

sometimes worse than v2.1)
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GloFAS v3 
better

Difference in KGE' between GloFAS v3 and GloFAS v2
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River discharge in the European State of the Climate (ESOTC) 2020
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Data source: EFAS   Credit: Copernicus EMS/ECMWF   Reference period: 1991-2019

Transition from wet winter to dry 
Spring
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River discharge in the European State of the Climate (ESOTC) 2020
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Storm Alex: Over 60% of river 
network in NW, NE & Danube had 

above-average river flows

NOAA NESDIS:  2 Oct 2020
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July 2020: GloFAS used for forecast-based financing in Bangladesh
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The UN released $5.2 million dollars in 
humanitarian aid to the people of Bangladesh 
on 4 July to prepare before a forecast flood 
peak in mid-July. The finance trigger was based 
on CEMS GloFAS. Flood impacts in Brahmaputra (Jamalpur)

Photos: Flood volunteer, Abdul Manna
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Nov 2020: Flood bulletins during Hurricane IOTA using GloFAS
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Consortium of University of Reading, University Bristol, 
HR Wallingford, Fathom global, ECMWF and funded by 

the UK FCDO
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Open data availability on the C3S Climate Data Store (CDS)

Free and open: 
cds.climate.copernicus.eu     
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Dataset CDS catalogue form

EFAS

EFAS historical reanalysis https://cds.climate.copernicus.eu/cdsapp#!/dataset/efas-historical

EFAS forecasts https://cds.climate.copernicus.eu/cdsapp#!/dataset/efas-forecast

EFAS reforecasts https://cds.climate.copernicus.eu/cdsapp#!/dataset/efas-reforecast

EFAS seasonal forecasts https://cds.climate.copernicus.eu/cdsapp#!/dataset/efas-seasonal

EFAS seasonal reforecasts https://cds.climate.copernicus.eu/cdsapp#!/dataset/efas-seasonal-reforecast

GloFAS

GloFAS historical 
reanalysis

https://cds.climate.copernicus.eu/cdsapp#!/dataset/cems-glofas-historical

GloFAS forecasts https://cds.climate.copernicus.eu/cdsapp#!/dataset/cems-glofas-forecast

GloFAS reforecasts https://cds.climate.copernicus.eu/cdsapp#!/dataset/cems-glofas-reforecast

GloFAS seasonal forecasts https://cds.climate.copernicus.eu/cdsapp#!/dataset/cems-glofas-seasonal

GloFAS seasonal 
reforecasts

https://cds.climate.copernicus.eu/cdsapp#!/dataset/cems-glofas-seasonal-reforecast

https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
https://cds.climate.copernicus.eu/cdsapp
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A year of “extreme” remote working - The CEMS-Flood Team at ECMWF
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16EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER 
FORECASTS

EFAS website: 
https://www.efas.eu/

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

CEMS-Flood documentation 
wiki: 

https://confluence.ecmwf.int/
display/COPSRV/CEMS-Floods

CEMS-Flood Data via CDS: 
https://cds.climate.copernicus.

eu/#!/home

Thank you!
shaun.harrigan@ecmwf.int

https://www.efas.eu/
https://www.globalfloods.eu/
https://confluence.ecmwf.int/display/COPSRV/CEMS-Floods
https://cds.climate.copernicus.eu/

