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Climate
Change

.. to historical extreme cases  .. 

.. and leading training set for data-driven
 weather forecasting and much more ...

ERA5 has over 200,000 users providing petabytes of climate data
> 20,000 citations, estimated economic value ~ 1 billion euros From accurate timely climate monitoring,  .. 

1. ECMWF ERA5 global reanalysis for atmosphere and waves
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Configuration: 75 years of reanalysis, to be maintained close to real time once completed, based on IFS Cy49r2
• Higher horizontal resolution of 14km (TCo799) for all components (ERA5 31km for atmosphere, 40km for waves)
• Uncertainty estimate at 28km (TCo399) from 11-member ensemble (63km for ERA5)

2. ERA6 will benefit from an additional 8 years of R&D at ECMWF & improved compute capacity

Science :
• 8 years of additional R&D at ECMWF (10 model cycles)
• Ocean model (NEMO4) fully coupled in DA trajectories

Products: based on user requirements

• 3D+2D ocean parameters
• Height levels for the lowest part of the atmosphere
• Hourly, for extended list of (new) parameters (2d wave spectra will again be available)
• Daily in addition to monthly precalculated statistics
• GRIB2

Ingest the best observations:
• Satellite+ in-situ reprocessing and data rescue. (e.g.  ESA sea state CCI)
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ECMWF Earth System Model for ERA6
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The coupling to NEMO/SI3 will also be done in

analysis outer loops and short-range forecasts

But no fully coupled ocean data assimilation.

Instead use the ocean re-analysis (ORAS6)
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Sorry,

Wave in sea ice, planned for

next model update (Cy50r1)

(Q1 2026)
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ecWAM spectral resolution:

36 directions, 36 frequencies



3. Specific wave model developments

• Over the years, we have implemented changes in ecWAM that 

have resulted in a better control of the drag coefficient for strong 

winds (IFS documentation, part VII, ECMWF, 2024). 

1. Cy43r3, November 2016 : a cap on the maximum spectral 

steepness (Magnusson et al. 2019).

2. Cy46r1, June 2019 : the wind input and whitecap dissipation 

source terms of Ardhuin et al. (2010).

3. Cy47r1, June 2020 : a capping of the Charnock coefficient for 

tropical cyclones winds above 33 m/s (Majumdar et al. 2023, 

ECMWF, 2024).

4. Cy49r1, November 2024: a model for the role of gravity-

capillary waves on the surface stress and the inclusion of a 

nonlinear wind input growth rate (Janssen and Bidlot, 2023), 

ECMWF 2024). Sea state dependent heat and moisture 

fluxes (Janssen and Bidlot, 2018).

During Hurricane Laura,  27 August 2020

Error bars: one standard deviation

Drag coefficient v 10m wind speed:

control

new

Higher surface winds:
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4. Altimeter wave height data usage in ERA5
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SARAL

CRYOSAT-2

ERS-2

ERS-1

JASON-2

JASON-1

ENVISAT

JASON-3

SENTINEL-3A

SENTINEL-3B

SENTINEL-6A

Used in ERA5

Recent changes to the altimeter wave height observing system were not implemented in ERA5…
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Global Mean: issue in ERA5
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MWP SWH

Also, there has been a sub-optimal use of altimeter wave height data in ERA5.

For instance, we have identified different issues with the bias corrections that was applied to ERS-1&2 … 

Thin lines: monthly average

Thick lines: 2-year running mean
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5. Altimeter wave height data usage in ERA5 and planned periods of ERA6 use
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SARAL

CRYOSAT-2

ERS-2

ERS-1

JASON-2

JASON-1

ENVISAT

JASON-3

SENTINEL-3A

SENTINEL-3B

SENTINEL-6A

Used in ERA5

Planned for ERA6, from ESA sea state CCI

Planned for ERA6, from ECMWF archive

ESA CCI source:

ERS1&2 : cci_v.1.0

Others: cci_v.2.0.6
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• To mitigate any future mishaps in the use of altimeter wave height data, we ran 
ecWAM standalone.

• Data analysis (DA) was performed for the full period from 1991 to present.

• Altimeter were bias corrected with respect to analysis experiments.

• Hindcast were based on the same configuration as planned for ERA6,

• Forced by hourly ERA5 neutral 10m wind speed, surface air density, wind 
gustiness and sea ice cover.

• Based on an early prototype for ERA6, the ERA5 winds were adjusted, mostly 
for high winds:

• With or without surface currents from ECMWF latest ocean reanalysis ORAS6.

9

Altimeter wave height data calibration in ERA6: dedicated wave hindcasts

U10 = 1.01*U10                 for U10 <= 15.5 m/s 

U10 = 1.14*U10 – 2.015    for U10 >   15.5 m/s
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Altimeter wave height data calibration in ERA6:
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Jason-3 Sentinel-6A

Examples

Global bias correction of the altimeter data with respect to the model first guess.

Corrections for different periods

ERS-1: 19920801-19940731

ERS-2: 20080101-20110707

ENVISAT: 20070101-20120408

Jason-1: 20020114-20061031

Jason-2: 20080704-20170518

Saral:20130314-20190131

CryoSat-2: 20100716-20200709

Sentinel-3A: 20190401-20220630

Sentinel-3B: 20200701-20250922

Sentinel-6B: 20220716-20250410
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Altimeter wave height data calibration in ERA6:
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Jason-3 Sentinel-6A

Examples

Global bias correction of the altimeter data with respect to the model first guess.

Corrections for different periods

ERS-1: 19920801-19940731

ERS-2: 20080101-20110707

ENVISAT: 20070101-20120408

Jason-1: 20020114-20061031

Jason-2: 20080704-20170518

Saral:20130314-20190131

CryoSat-2: 20100716-20200709

Sentinel-3A: 20190401-20220630

Sentinel-3B: 20200701-20250922

Sentinel-6B: 20220716-20250410
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Global Mean:
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MWP SWH

Thin lines: monthly average

Thick lines: 2-year running mean



6. Comparison with in-situ observations: yearly Scatter Index
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Hindcast without data assimilation.

+ Using altimeter wave height assimilation (DA).

+ Using ocean surface current from ORAS6 for wave-current interaction.

Compared to ERA5.

The one-year ERA6 prototype which will use CY49R1 + Altimeter DA + Ocean surface currents is also shown 

Scatter Index: standard deviation of the difference normalized by the mean of the observations
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7. Status of ERA6, summary/outlook

ERA6 is coming

production is to about to start

First spin-up years (2006/2016) nearing completion

Expect 2007 onwards public by start of 2027.

ERA5T will be maintained for the time being

✓ Higher resolution 14km

✓ Additional 8 years R&D

✓ Ocean component

✓ More and better use of observations

✓ Ensure 49r2 also works well back in time

✓ Resolve several ERA5 issues

More products:

✓ Ocean fields, height levels

✓ GRIB2 format

✓ Daily/monthly statistics



Tropical cyclones

Logarithmic scale of the y axes to highlight differences in the 

stronger intensity categories.

• Forecasted numbers of Cat-1 hurricanes now fit well to observed numbers.

• ERA6 captures Cat-2 to Cat-4 hurricanes, which were missing in ERA5. 

• TC track errors reduced by almost 1 day at lead times larger than 2 days.

• Deeper core pressure and higher wind speeds on average

• ERA6 features smaller TCs compared to ERA5 (smaller average maximum wind radii)

• Pressure-wind relationship is also more consistent with observations, now qualitatively similar to the operational IFS

• AI forecast models inherit the deficiencies in ERA5. ERA6 will offer improvements in this regard.

Verification of 12-month ERA6-like experiment.

Improvements in the representation of tropical cyclones in an ERA6 prototype 
of the stratosphere since ERA5



Outline

1. ERA5: the current global atmosphere and wave reanalysis.

2. ERA6: the next global reanalysis

3. Wave model component in ERA6.

4. Sub-optimal altimeter wave height data usage in ERA5.

5. Planned altimeter wave height data usage in ERA6.

6. Expected gain in performance for ERA6 (waves).

7. Summary and outlook.
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‘ What do we get from ERA6 ? ’
Integrated Forecasting System (IFS) upgrades since ERA5
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43R1

Data assimilation

• SST perturbations in EDA update

• TL399 EDA B variances tuned

• WC-4DVar above 40hPa

• Improved SYNOP Assimilation

• ORAS5

Observations

• Slant path RT for radiances

• Tuned R  for IASI & CrIS

• Change in O3 anchor channels

• CrIS:  77→ 117 channels

• Revised aerosol detection for IR

Model

• CAMS O3 climatology

• Improved marine boundary layer

• Improved surface coupling for 

T2m

• Assim. snowfall from NEXRAD

43r3

Data assimilation

• Improved humidity B 

• Revised wavelet filtering of B

Observations

• Saphir & GMI humidity sounding

• 118 GHz channels from MWHS-2

• Harmonised MWS over land & si

• Screen HCN affected IR channels

• Improved QC of RO and sonde data

Model

• Improved Rad scheme (LW RT)

• New aerosol climatology

• Improved super-cooled H2O in conv

• Improved visibility calculation

45r1

Data assimilation

• Weakly coupled sea-ice/atm  assimilation

• Improved RH increment calculation

• WC model error forcing every timestep

Observations

• Non-surface sensitive IR chs on over land

• MW all-sky obs over coasts

• RTTOV-11 → RTTOV-12

• Constrained VarBC for AMSU-A/ATMS

• Improved R for radiosondes

• Account for drift in radiosondes

• Improved bias correction for conv. obs

• Jason-3 & Sentinel-3A altimeters

Model

• Coupling of 3D ocean and atmosphere.

• Improved warm-rain numerics

• Improved CH4 oxidation

• Improved super-cooled water in convection

• Improved TL/AD  in convection

• Improved soil conductivity & soil-ice 

dependency

46r1
Data assimilation

• Continuous DA:  3→4 outer loops

• Weakly coupled DA for SST in tropics

• Improved spatial interpolation of model to obs

• RTTOV12 → RTTOV12.1

Observations

• SMOS NN soil moisture product

• F-17 SSMIS 150 GHz, GMI 166GHz

• land-sea mask in FOV for MWIs

• Inter-channel R for ATMS & Geo WV chs

• Slant path for Geo rads & and ↑ zenith ang.

• Consistency of aerosol detection for IR

Model

• Improved convection scheme

• LW scattering in radiation scheme

• 2D → 3D  aerosol climatology

• Better scaling of dry-mas flux

• Improvements to TL/AD of S-L departure point

• Fix instability of T2m diagnostic

• Wave model improvements

47r1
Data Assimilation

• WC-4DVar:  new estimate of Q

• WC-4DVar above 100hPa

• Revised B for Tskin for sink variable

• Same tstep for final outer/inner loop

Observations

• Inter-channel R for NOAA-20 ATMS

• Improved aerosol detection for IR

• Improved RO operator

Model

• Surface albedo changes

• CMIP6 TSI & GHG

• Quintic interpol. for S-L advection

• Improved drag coefficient for high 

winds

• Improved convection scheme

• Improved TL physics

47r3

Data Assimilation

• New RT coeffs for IR

• Improved AMV height assignment

• Representativeness in R for Aeolus

• WC-4DVar on in EDA

Observations

• All-sky AMSU-A

Model

• B-L turbulence, shallow conv. & sub-grid cloud

• Improved convection

• Improved simplified moist phys. TL/AD

• Improved cloud overlap

• Cubic interpolation of cloud/precip in S-L

• Improved interp. Of cloud/precip in Rad scheme

• Improved visibility calculation in fog/rain/snow

• Revised gustiness

• Improved calculation of peak wave period

48r1
Data assimilation

• Increased inner loop resolution

• OOPS

Observations

• Reduced thinning for ASCAT L2

• Optimisation of hyperspectral IR

• RTTOV-12 → RTTOV-13

• ATMS (snow,  Lambertian, slant-path)

• Improved surface sensitive All-Sky

• More MWI over land

Model

• Improved energy and water 

conservation

• Multi-level snow scheme

49r1
Data assimilation

• RTTOV 13.2

• Improved T2m  assimilation

• VarQC & stratospheric balance

• Land surface assimilation changes

• Hourly altimeter  wave assimilation

• Soft recentering of EDA

Observations

• Scene dependent R for CrIS

• Reduced thinning for SEVIRI Geo rads

• All-sky & all-surface in sea-ice areas

• All-sky AMSU-A window channels

• F-18 SSMIS 19, 22 & 91 GHz

• Improved thinning & superobbing for MWH

• MWS superob resolution 80km → 40km

• Improved surface emissivity (SURFEM)

• Optimisation of hyperspectral IR

• GNSS-RO ceiling 50km → 60km

• Improved anchoring from RO

Model

• Wave model  / land convection package

• Land surface model updates

• SPPT→ SPP

• Improved physics and numerics

https://confluence.ecmwf.int/display/FCST/Changes+to+the+forecasting+system

49r2
Data assimilation & Observations

• Outer-loop coupling updates

• 1D-OI → SEKF:  soil and snow temp analysis

• Orbital bias correction for AMSU-A and ATMS

• VarBC for surface pressure

• Time varying CO2 for IR assimilation

Model

• Time varying solar forcing

• O3(t) for HLO

• Revised aerosol

• Revised wave model bathymetry

• Non-orographic GW drag changes

• Reduced vertical diffusion in stable conditions

+ analogous technical developments, incl.  HPC upgrade 

https://confluence.ecmwf.int/display/FCST/Changes+to+the+forecasting+system
https://confluence.ecmwf.int/display/FCST/Changes+to+the+forecasting+system
https://confluence.ecmwf.int/display/FCST/Changes+to+the+forecasting+system
https://confluence.ecmwf.int/display/FCST/Changes+to+the+forecasting+system
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The ERA6 model is coupled with the ocean; 
but it gets the ocean initial state from ORAS6 

Positive impact where you expect it

• near the surface, improved ocean wave forecasts (account for ocean currents)

• better fit to near ocean surface observations (scatt wind and alt Hs)

• SST/SIC evolving hourly rather than daily in ERA5, ocean currents

Time in DA WindowTime in DA Window

New! not in 49r1, but in ERA6 and 50r1



Performance of ERA6 prototype experiments

NH Z500 (Oct 2019 – Jan 2020)

ERA5

ERA6

+12 

hrs
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n By this metric improvements 

from ERA5  to ERA6 are 

in-line with  those achieved in 

previous generations of reanalyses

Scorecard pilot ERA6 vs ERA5: blue is better

Short-wave radiation was improved (Richard Forbes)
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