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Towards ERA6 – Outline

• Copernicus Climate Change Service

• ERA5 products

• Towards ERA6

• Quality aspects

•  

Credits (le+ to right): Washington Post, Danish Radio, AlJazzeera, 

https://www.washingtonpost.com/world/2024/04/21/copernicus-heat-climate-europe-world-meteorological-organization/c06a72c0-004c-11ef-8eac-39c6dcb59eb5_story.html
https://www.dr.dk/nyheder/udland/eu/eu-rapport-ekstremt-vejr-kostede-eu-lande-100-milliarder-sidste-aar
https://www.aljazeera.com/news/2024/1/9/2023-shatters-record-for-worlds-warmest-year-eu-climate-agency
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Registered users

>285,000

External users
Several millions

Requests

800 million

Data downloaded

166 PB

Europe

40.9%
38.8%

Asia

AfricaSouth
America

North
America

8.5%

5.2%

3.9%

Worldwide users
Open climate data has never been more important

1.2%

Oceania

Top datasets

ERA5, ERA5 land, 
seasonal forecast, 
CORDEX, CARRA, 
CERRA, ORAS5 …

Copernicus Climate Change Service: Some Numbers

Copernicus data = free and open
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2014 
C3S launch

2018 
CDS becomes opera:onal,
Sen:nel 3B

2020
European Green Deal,
Sen:nel 6

2015
Sen:nel 2A, 
Paris 
agreement

2016
Sentinel 1B 
& 3A

2017
Sen:nel 2B 
& 5P

2023
Sen:nel 4 – part 1

2023
Global Stocktake

2024
Climate Atlas

The European Vision
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The ERA5 global reanalysis

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

ERA5: A full-observing-system global reanalysis for the 
atmosphere, land surface and ocean waves

• >100 Tbyte of downloads per day

• Over 83 years of hourly data from 1940 :ll 5 days ago
• Uncertainty es:mate at half resolu:on 

(from 10-member ensemble)

• ERA5-Land, providing a 9km dynamically down-scaled hourly 
product from 1950 till 5 days ago 

• The ERA5T observing system is maintained in sync with that of 
ECMWF NWP, when feasible 
(new instruments, quality control checks, etc.)
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ERA5 CDS online catalogue entries
Target: non experts
• Regridded to 0.25 degrees
• Quick access: on disk
• Merge parameters from analysis 

and forecasts
• GRIB or NetCDF

Four catalogue entries
• Pressure, single levels
• Hourly, monthly

• Download forms
• Download API

Plus, derived CDS products:
• 30 datasets
• 19 applica:ons
primarily based on (or using) ERA5 
(e.g. ERA5-Land…)
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Also available from the CDS: ERA5-complete

Target: experts
• Full dataset
• Native resolution
• Slower access: on tape
• GRIB or NetCDF

One catalogue entry
• No download forms
• API only
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Why repeat global reanalyses?

1995

2001

2006

2016

2⃣ ERA-15
‘one-off’, did not 
conMnue

3⃣ ERA-40
‘one-off’, did not 
conMnue

4⃣ ERA-Interim 
Extended in Mme

 (un:l Aug 2019), 
~2-month latency

5⃣ ERA5: Extended in Mme, 5-day latency

Correla'on of 4-day forecasts of geopoten'al height anomalies at 500 hPa with corresponding analyses

“Perfect forecast”

1940 2020
Credits: Hersbach et al. (2020), Bell et al. (2021) + New ERA5 produc'on (released on the CDS) 
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Another reason to repeat: exploit improvements in the global observing system
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PreparaMons for ERA6
ConfiguraEon:
• 17.5km (TCo639) horizontal resolu:on (31km for ERA5), including ocean waves
• Uncertainty es:mate at 28km from 11-member ensemble (63km for ERA5)
• One way coupling with the ORAS6 ocean reanalysis (forcing for ERA5)

Products/output (in development):
• Evolutions driven by user requirements
• New: Extended list of (new) parameters, e.g., Rh2m, clear-air turbulence
• New: Height levels for the lowest part of the atmosphere
• New: Additional pressure level
• New: Daily products

10

Full integraEon into ECMWF Integrated ForecasEng System (IFS) lifecycles
• ERA5 diverged from a baseline: IFS CY41R2
• ERA6 developments are all included in the main IFS stream and part of a dedicated cycle: IFS CY49R2
• ERA6 capability will propagate onwards into later IFS cycles

Enhanced observaEon input
• Reprocessed and rescued satellite and in-situ observa:ons
• Enhanced use of observa:ons, e.g. for :ming and posi:on, more use of all-sky radiances
• Enhanced quality control and handling of uncertain:es
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ERA6: Which resoluMon?

ERA5 Tl 639 ~ 31 km

ERA6 candidate TCo639 ~ 17.5 km `

ERA6 candidate TCo799 ~ 14 km 

Note: produc'on cost is not just a one-off. This cost is mul'plied 
as data need to be served at correspondingly higher resolu'on. 
Under fixed resources, users end up paying the price: longer wait 
'me, larger disc footprint, ... 

Octahedral reduced Gaussian grid
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ERA6 science and innovaMons

Reanalysis-dedicated innova?ons:
• Establish level of coupling from the forthcoming ORAS6 ocean reanalysis 

• Improved consistency of the mean state 
• Improve evolu'on of the ERA5 uncertainty es'mate (ensemble component)

• Resolve ERA5 ‘known issues’ where possible

12

Make use of latest ECMWF mature R&D 
(addiEonal 8 years compared to ERA5):
Selec=on of recent developments:

• Reduce biases in snow and improve assimila'on of snow observa'ons
• Improved drag for extreme ocean waves
• New ozone model (HLO) and prognos'c with radia'on 
• Revision of moist physics (clouds, precipita'on, radia'on)
• Vegeta'on cover and type, LAI, lake cover and proper'es, urban 'le, some poten'ally 

'me-evolving (from EU-H2020 CONFESS)
• New, and more species of aerosols and GHG’s
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ERA systems specifications

ERA-Interim ERA5 ERA6

IFS version (year) cy31R2 (2006) cy41R2 (2016) cy49R2 (2024)

Hor. Resol. 79 km 31 km 17.5 km

Vert. Resol. 60 model levels
37 press. levels

10-metre wind

137 model levels
37 press. levels

100,10-metre wind

137 model levels
38 press. levels
11 height levels

Temp. Resol. 3 or 6 h, Monthly 1 h, Monthly 1 h, Daily, Monthly

Ens. Hor. Resol. - 63 km 28 km

Land-surface TESSEL HTESSL ECLand

Ocean waves 1 degree 0.36 degrees 17.5 km

Ocean Daily SST forcing Daily SST forcing Hourly 1-way coupling

Latency > 1 month 5 days TBC



Climate
Change

Preliminary trials: RMS Error of 500 hPa Geopotential Height Forecast
Various ERA6 configs.

JJA 2020
Verified against own analysis
Verified at 1.5ox1.5o

1 2 3 4 5 6 7 8 9 10
Forecast lead 'me, in days

ERA5

ERA6 prototypesSH NH



Climate
Change

Preliminary ERA6 trial: Energy spectra
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Preliminary ERA6 trial: Differences with radiosonde observaMons
Temperature Wind vector difference magnitude
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Preliminary ERA6 trial: Independent check with buoy lidar

From WRAG datasets page https://groups.io/g/wrag/wiki/13236

BSH N-9.1 buoy lidar site

ERA5 (led) ERA6 prototype (right), 01 June 2022 – 31 July 2022

Comparison done from reanalysis hourly fields of 10-meter wind speed at 0.25ox0.25o
Collocated to the variable ”wind_speed” in the data group “ZX_LIDAR_WLBZ_6” 
“

https://groups.io/g/wrag/wiki/13236
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‘In the pursuit of excellence’… Quality aspects

• Motivations: quality-related
– Primary: ensure quality (à quality assurance)
– Secondary: document quality (à quality assessment)

• Scope: preparation, production, consolidation, continuation
– System and its various components
– Inputs
– Outputs
– User feedback

• For whom: Stakeholders
– Resource providers (HPC, storage, network, funder, ...)
– Users (energy sector, …)
– Science peers (other reanalysis providers, …)
– Providers of information/science used in the system and its input (feedback loop)
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ERA6 DiagnosMcs Menu

ERA6 Pre-production Diagnostics
verified once

Climate forcing fields (orography, …)
Full configuration forecast verification
Forecast score cards
Energy spectra
Solar atmospheric tides

ERA6 Produc'on Onset Diagnos'cs
verified once per produc'on stream

Forecast scores compared to OPS and ERA5
Background errors (Jb stdev. and horz. error correl. len.)
ObservaHon errors (sigma_o) 🔁
Archive integrity & contents 🔁

ERA6 Produc'on Diagnos'cs 🔁
monitored as the produc'on advances

“Vital signs” (+)
ObservaHons available, rejected, assimilated
ObservaHon departures and other staHsHcs
Model error bias correcHon
ObservaHon bias correcHon
Ensemble spread vs. skill closure diagnosHcs
Analysis increments and anomalies

ERA6 Post-Produc'on Diagnos'cs 🔁
before products publica'on

Global mean budgets: water cycle, energy, mass
General circulaHon and climate indices
Peer-product comparison: ECV themaHc assessments
SynopHc Hmescales: 10-day forecast skill
Daily Hmescales: historic cases of European storms
Tropical cyclones
Diurnal cycle

🔁 to be monitored for the whole dura1on of the produc1on
(+) produc1on speed, 4D-Var metrics, Nb.obs in all DA components (4D-Var, land, ocean waves)

“Quality Assurance”

“Quality Assessment”
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ERA6 prototype sample data
DescripEon

These are TEST data, with all the limita:ons that this implies.
These data are for feeding back issues & findings to ECMWF. These data are unsuitable for 
any other applica:on such studies, publica:ons, … The configura:on used to produce 
these data is not the final ERA6 configura:on. Many of the ERA6-intended output 
parameters are s:ll missing in these data.

How to access

Go to hfps://apps.ecmwf.int/ifs-experiments/rd/ibpb/ 
• Data access is yet to be open with DOI publica:on: DOI:10.21957/gmf0-rw02 
• Technical ques:ons about data access? See the page 

hfps://www.ecmwf.int/en/compu:ng/soiware/ecmwf-web-api

How to feed back findings

• Email today’s presenters: 
paul.poli ‘at’ ecmwf.int     ,     delphine.deryng ‘at’ ecmwf.int

• Quality issues: documented example, reproducible
• Good prac:ce (ideal?) Jupyter notebook which includes impor:ng all data 

needed to reproduce the results. Then one can replay the example with new 
test data as they become available.

https://apps.ecmwf.int/ifs-experiments/rd/ibpb/
https://doi.org/10.21957/gmf0-rw02
https://www.ecmwf.int/en/computing/software/ecmwf-web-api
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Summary

• Strong support from the European Union for European-based reanalyses 
(transboundary, global, impac;ul) for climate services
– ERA5 is only one part of this offer, but a foundaBon one

• Global reanalysis at ECMWF: methodologically-sound & iteraBve framework delivering 
uncertainty-quanBfied products
– ERA6 expected improvements (from ERA5): over land (higher resoluBon), over ocean, (one-

way coupling), and upper-air (improved radiaBon, aerosols, GHGs)
– ERA6 prototype data: DOI:10.21957/gmf0-rw02 

• EssenBal sources of informaBon for conBnuous improvement:
– User communiBes’ specialized observaBons
– User feedback

• ResoluBon isn’t everything, completeness of a product por;olio meeBng user requirements is 
another essenBal aspect à Next presentaBon

https://doi.org/10.21957/gmf0-rw02
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C3S Support to the 
Energy Community

Delphine Deryng
Partnership & User Engagement Specialist
delphine.deryng@ecmwf.int
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C3S User-Driven Services

• User requirements process
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C3S User-Driven Services

• ERA6 User needs workshop

h"ps://climate.copernicus.eu/sites/default/files/2024-
04/ERA6%20Users%20Workshop%20PosiCon%20Paper%20ECMWF%20v2%20240410.pdf 

https://climate.copernicus.eu/sites/default/files/2024-04/ERA6%20Users%20Workshop%20Position%20Paper%20ECMWF%20v2%20240410.pdf
https://climate.copernicus.eu/sites/default/files/2024-04/ERA6%20Users%20Workshop%20Position%20Paper%20ECMWF%20v2%20240410.pdf
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C3S Data & Apps for Renewable Energy

• The increasing share of renewable generation 
(wind, solar, and hydropower) makes this 
sector vulnerable to climate variability and 
climate change

• C3S Applications work on connecting climate 
information to user needs:

• Providing tools, data, post-processing workflow
• Providing examples and recipes
• Collecting requirements and feedback to 

products
• Connecting new research top operational 

activities

climate.copernicus.eu/esotc/2023 
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European State of Climate 2023

climate.copernicus.eu/esotc/2023 
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Copernicus Thema?c Hub: New Approach to the Users

Ø Single entry point for the ensemble of data, products and informa'on 
generated by the Copernicus services and components (e.g. ESA and 
EUMETSAT) for specific thema'c areas

Ø Traceable back to specific EU policy needs
Ø Simplified access (simple, user friendly, subject oriented) to key exis'ng 

Copernicus products relevant for a specific user communi'es 
(stakeholders, policy makers and users)

HEALTH

ENERGY

The main goals are:
• Improve the coordina'on and informa'on flow between different related projects and ini'a'ves
• Facilitate thema'c studies (e.g., renewable energy)
• Provide knowledge and exper'se on data/products
• Showcase how the data can be integrated with other data/informa'on (user's stories)
• Leverage the collabora'on/interac'ons with other organiza'ons and Copernicus member states
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Copernicus Energy Hub

EASY ACCESS TO 
DATA

Access to free-of-charge 
energy-related 

Copernicus information 
and datasets

energy.hub.copernicus.eu
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Energy Hub: Examples of Datasets from C3S
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Energy Hub: More Datasets to Come…

Total/clear-sky solar radiation 
CH4 anomalies detection
Aerosol optical depth (e.g. dust)

Reanalysis & climate projecAons
•Meteorological variables (wind speed, precipitaAon, 
solar radiaAon, air temperature, sea level pressure)
•Energy derived variables (electricity demand, hydro, 
solar and wind power generaAon)
Next: InformaAon at seasonal forecast Amescale

Urban atlas
High resoluAon VegetaAon Phenology and ProducAvity
Corine Land Cover (CLC) and CLC+, 
European Ground MoAon Service (EGMS), HR VPP (for 
biofuels)
Surface Albedo, Land Surface Temperature
Leaf Area Index  & Soil Water Index (biomass 
esAmaAon)
Land Cover Map

Reanalysis and forecasts of river discharge 
to assess hydropower potential
Drought impacts on energy production
Information on population, buildings and 
settlements

Global ocean waves Reanalysis
Global ocean waves Analysis and Forecast
Global ocean physics Reanalysis
Mediterrranean Sea Biogeochemistry 
Analysis and Forecast
Global Ocean Along Track L 3 Sea Surface 
Heights

GeospaAal Analysis 
Mapping for SituaAonal Awareness
Support to Planning
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Energy Hub: Final Remarks and Next Steps

https://energy.hub.copernicus.eu
The Copernicus 

Energy Hub aims to 
support the energy 
sector in the green 

transition

Increase the visibility 
and number of users 
of the Energy Hub, 

while promoting 
synergies and 
collaborations

Revision of website 
content to better reflect 

Energy Community 
jargon

Further development of 
the site is expected, 

increasing the number 
of use cases and 

datasets
Next steps

Webpage

Ongoing engagement 
with real partners and 

stakeholders

Reaching out to new 
users/stakeholders and 
creating user personas 
and user requirement 

inventoriesCommunity of 
Users

Next steps

Collec'ng your needs is of paramount importance for us

Which environmental datasets do you need? What do you want to see on the Energy Hub?
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climate.copernicus.eu
climate.copernicus.eu/esotc/2023
energy.hub.copernicus.eu

Thank You for your 
A.en0on!

Paul Poli paul.poli@ecmwf.int 
Delphine Deryngdelphine.deryng@ecmwf.int
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Addi$onal slides
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About Gaussian Grids

N80 original reduced Gaussian grid O80 octahedral reduced Gaussian grid
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Preliminary ERA6 trials: Differences with respect to radiosonde temperature (December)

Tco639, Tco799 = Various ERA6 configurations
OPS = ECMWF Operations
Tco159 = Lower-resolution run ~ ERA-Interim-like (NoSAT = No satellite data assimilated)
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Preliminary ERA6 trials: Wind vector difference magnitude


