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Towards the new ocean wave reanalysis in the future ERAG6
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1. ECMWF ERAS global reanalysis for atmosphere and waves

gumate ERAS5 has over 200,000 users providing petabytes of climate data
ange L ) . . ) . .
g > 20,000 citations, estimated economic value ~ 1 billion euros From accurate timely climate monitoring, ..
[ ] (opemcs ECMWF G A Login-Register v
TR b B Cocercs CCECMWF
Y e
an WA WV |
THE 2024 ANNUAL CLIMATE SUMMARY A ‘. * :" "-A@
Global Climate Highlights 2024 LI - |
\ i ..{’. ¢ "/
The first year warmer than 1.5°C above the pre-industrial average
Record number of days above 1.5°Cin 2024
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2. ERAG6 will benefit from an additional 8 years of R&D at ECMWF & improved compute capacity

Configuration: 75 years of reanalysis, to be maintained close to real time once completed, based on IFS Cy49r2
* Higher horizontal resolution of 14km (TC0799) for all components (ERA5 31km for atmosphere, 40km for waves)
e Uncertainty estimate at 28km (TCo0399) from 11-member ensemble (63km for ERA5)

Science . 41r2 (ERAS5)
e 8 years of additional R&D at ECMWF (10 model cycles) -
 Ocean model (NEMOA4) fully coupled in DA trajectories 4:«3“1
46r1
. 47r1
Ingest the best observations: -
« Satellite+ in-situ reprocessing and data rescue. (e.g. ESA sea state CCl) s
48r1
Products: based on user requirements a9r1
 3D+2D ocean parameters IFS cycles a9r2
* Height levels for the lowest part of the atmosphere ERAS to ERA6 (ERAG

*  Hourly, for extended list of (new) parameters (2d wave spectra will again be available) 2016 2018 2020 2022 2024 2026
* Daily in addition to monthly precalculated statistics
* GRIB2
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ECMWF Earth System Model for ERA6

Atmospheric 14 km

model | The coupling to NEMO/SI3 will also be done in
analysis outer loops and short-range forecasts
But no fully coupled ocean data assimilation.
ZH, Instead use the ocean re-analysis (ORASG)
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ecWAM spectral resolution:
14A km 36 directions, 36 frequencies

Wave model (ecWAM)

Sorry,

Wave in sea ice, planned for
next model update (Cy50r1)
(Q1 2026)

For
current
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every coupling
time step (1 hour)
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25 Sea ice model (SI3)
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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, ECMWEF, 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,
ECMWEF, 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),
ECMWEF 2024). Sea state dependent heat and moisture
fluxes (Janssen and Bidlot, 2018).
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Drag coefficient v 10m wind speed:

During Hurricane Laura, 27 August 2020

Tco2559 forecast step 24 to step 78 by 1 hrs
start date 2020-08-24, 12 UTC
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4. Altimeter wave height data usage in ERAS

Marslist: 0001 ea enda marser mfb 1989-01-01 2025-09-15
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SENTINEL-6A
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e  Used in ERAS

Recent changes to the altimeter wave height observing system were not implemented in ERAS...
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Mean Wave Period (s)

Global Mean: issue in ERA5

Also, there has been a sub-optimal use of altimeter wave height data in ERAS.
For instance, we have identified different issues with the bias corrections that was applied to ERS-1&2 ...
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5. Altimeter wave height data usage in ERAS and planned periods of ERAG use

Marslist: 0001 ea enda marser mfb 1989-01-01 2025-09-15

SARAL
CRYOSAT-2
ERS-2

JASON-2

ENVISAT

JASON-3
SENTINEL-3A

SENTINEL-3B
(o e e e
SENTINEL-6A

I L S R NN L N I R L g e N s N RS Ll LN LN i i g

w——— Used in ERAS ESA CCI source:
oo Planned for ERAG, from ESA sea state CClI ERS1&2 : cci_v.1.0

ezzzzzzzzzs  Planned for ERABG, from ECMWEF archive Others: cci_v.2.0.6
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Altimeter wave height data calibration in ERAG: dedicated wave hindcasts

 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 ERAG,

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

- Based on an early prototype for ERAG, the ERA5 winds were adjusted, mostly
for high winds:

U10 =1.01*U10 for U10 <= 15.5 m/s
U10 =1.14*U10-2.015 forU10> 15.5m/s

 With or without surface currents from ECMWF latest ocean reanalysis ORASG.
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Altimeter wave height data calibration in ERAG:
Global bias correction of the altimeter data with respect to the model first guess.

2023090900 expver= i78x

A

global from 2019010100 to 2019123118 expver= igwt global from 2022071606 to

A o Corrections for different periods = ] g
? 3667 as 4447
o2
a1 entries = 1310642 E | B 4l entries = 1738961
8 entries = 207 i ntries =
_____ £| [Palt. mean = 2.652 stdev = 1.365 Xamples g_’i-......... £[ [*"'alt. mean = 2.663 stdev = 1.397
| 2Lls: model mean = 2.739 stdev = 1.421 Altimeter Significant Wave Height bias correction ~ §7- 5{{s7 Mmodel mean = 2.755 stdev = 1.419
8 Isq fit: slope = 1.020 intr = 0.035 with respect to CY49R2 hindcasts 52 3 Isq fit: slope = 0.992 intr = 0.112
EM'® RM.S.E.= 0.299 BIAS= 0087 ST T T T T T T T T T — B EM'" RMS.E. = 0.320 BIAS = 0.092
€8, corr. coef. = 0.980 S.l.= 0.108 ERs-1 1 £37 # =85 corr. coef. = 0.977 Sl.= 0.115
symmetric slope = 1.035 . Ewear a7 symmetric slope = 1.031
G o e kurtosis of difference = 1.912 Jason-1 ST I e e kurtosis of difference = 2.563
123 4567 8 9101112131415 \_3 1 Jason-2 L — 123 45678 910112131415
Altimeter wave heights — — - CryoSat-2 = mm— s | Altimeter wave heights
Comparison of fg SWH (igwf wave) with altimeter data from igwf wave. 2 . s N Comparison of fg SWH (i78x wave) with altimeter data from i78x wave.
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number of entries:

12345678 9101112131415

Altimeter wave heights

Comparison of f{g SWH (igwf wave) with altimeter data from igwf wave.

Jason-3

number of entries:

6 7 & é 101112 1‘3 1‘!1.15
Corrected altimeter wave heights

global from 2019010100 to 2019123118 expver= igwt

Altimeter wave height data calibration in ERAG:
Global bias correction of the altimeter data with respect to the model first guess.
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7 RM.S.E. = 0.320 BIAS = 0.092
5 corr.coef. = 0.977 S.l.= 0.115
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Mean Wave Period (s)
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Significant Wave Height (m)
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6. Comparison with in-situ observations: yearly Scatter Index

Hindcast without data assimilation.

+ Using altimeter wave height assimilation (DA).
+ Using ocean surface current from ORASG for wave-current interaction.
Compared to ERAS.
The one-year ERAG prototype which will use CY49R1 + Altimeter DA + Ocean surface currents is also show
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Annual Scatter Index against in-situ observations

(=) ERAS5 (Jan-Dec)
[E=] CY49R2 ecWAM hindcast (no DA) (Jan-Dec)

L. CY49R2 ecWAM analysis (DA) (Jan-Dec)

=57 CY49R2 ecWAM analysis (DA) with surface currents
®-® ERA5 (201910-202009)

A—A CY49R2 ecWAM analysis (DA) (201910-202009)
9@ ERAB prototype (201910-202009)
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/. Status of ERAG6, summary/outlook

ERAG is coming
production is to about to start

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

Expect 2007 onwards public by start of 2027.

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 ERAS5 issues

AN NN N YR

More products:

v" Ocean fields, height levels
v" GRIB2 format

v Daily/monthly statistics

ERAST will be maintained for the time being
& ECMWF

ERAG planned production timeline

¥ Product release

ERAG6 period

1946 1956 1966 1976 1986 1996 2006 2016 2026 ERAG6T

Production date %

Q3-42025
Q122026
Q342026
Q1-22027
Q342027
Q122028
Q3-42028
Q122029

* | %

Not forgetting ERAS, which will continue to be produced and monitored for some time
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Improvements in the representation of tropical cyclones in an ERAG6 prototype

rorecact Cay
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Logarithmic scale of the y axes to highlight differences in the Verification of 12-month ERAG-like experiment.

stronger intensity categories.

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

* ERAG captures Cat-2 to Cat-4 hurricanes, which were missing in ERAS.

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

« Deeper core pressure and higher wind speeds on average

+ ERAG features smaller TCs compared to ERAS (smaller average maximum wind radii)

» Pressure-wind relationship is also more consistent with observations, now qualitatively similar to the operational IFS
Al forecast models inherit the deficiencies in ERAS5. ERAG will offer improvements in this regard. <opernicys m ok
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Outline

ERADS: the current global atmosphere and wave reanalysis.
ERAG: the next global reanalysis

Wave model component in ERAG.

Sub-optimal altimeter wave height data usage in ERAS.
Planned altimeter wave height data usage in ERAG.
Expected gain in performance for ERAG (waves).

Summary and outlook.
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* What do we get from ERA6 ?°
Integrated Forecasting System (IFS) upgrades since ERAS

T T T T T T 49r1
4 45r1 Data assimilation
41r2 (ERAS5) » RTTOV 13.2
I 1 Data Dat * Improved T2m assimilation
43r1 * N « VarQd
. SS 46r1
43r3 - TL Data assimilation " | pataas + Land< o 49z
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+ analogous technical developments, incl. HPC upgrade
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The ERAG6 model is coupled with the ocean;
but it gets the ocean initial state from ORASG6

Time in DA Window Time in DA Window
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[ ERAS analysis ]

[ ERAG6 analysis Option 2 ]

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

< ECMWF

New! notin 49r1, but in ERA6 and 50r1
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Performance of ERAG prototype experiments

NH Z500 (Oct 2019 — Jan 2020)

1.0 By this metric improvements
0.9} from ERA5 to ERAG6 are

' in-line with those achieved in
Y previous generations of reanalyses
0.7

| ERA5

0.5 ERAG . . Scorecard pilot ERA6 vs ERAS5: blue is better
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