ECMWIF Overview:

Recent Updates and Research Plans

‘ A
O .8 Z
h\ -
Aristofanis Tsiringakis '-_LI :: _A “T’ %

(on behalf of ECMWF Research Department) - c
« 77 7 N o 3

> e R
o, IS

22th September 2025, EWGLAM-SRNWP 2025, Norrkoping



Overview

Part 1. Recent and Upcoming Operational Upgrades

Part 2. Destination Earth Developments

Part 3. Data-Driven Forecasting

S ECMWF



Part 1
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Science evolution: From 49r1 to 50r1

Numerous upgrades to observation usage between cycles
e.g. global MODE-S; Meteosat-12; Arctic Weather Satellite; more wave observations.....
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ENS skill relative to dressed ERAS — Day 5
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Very clear
improvement
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PROGRAMME OF . fan N [ g C
THE EUROPEAN UNION CO\QGmICUS @““ﬂ"“sﬁ""@ oo G EGIMWIF

Europe's eyes on Earth climate.coperr

v" higher resolution
Towa rds E RA6 v additional 8 years R&D
v more observations
v ocean component

=>» Better extremes

Tons of rocks bury Assos village in Kefalonia hit Example: Medicane |(1V(l)q (Ianos)

by Medicane lanos https://www keeptalkinggreece.com/2020/09/2
| FERIURED  SOCIAL 7 WEATHER | 0/assos-ketalonia-buried-rocks-medicane-ianos/ ERAS5 Ten-meter wind speed, MSLP ERA6P2 Ten-meter wind speed, MSLP
| september 20,2020 | 2 min. read < share

o o og valid on 2020-09-17 12 UTC valid on 2020-09-17 12 UTC

lanos—A Hurricane in the Mediterranean
K. Lagouvardos, A. Karagiannidis, $. Dafis, A. Kalimeris, and V. Kotroni

Lagouvardos, et al, s : /| -
2022 lanos—A - z« T /s
Hurricane in the 2 16 20 2
Mediterranean. Bull. 2

?&eré;\"gztfolfz-%%%’ ” . Lowest pressure: 1002 hPa in ERA5 =» 996 hPa in ERA6 prototype
BHPS/AOLOTGII0 1T sy s e o e s e s i e e e Strongest wind: 16 m/s in ERA5 =» 21 m/s in ERA6 prototype

intervals), and the black dots the daily SST anomaly higher than 2 K on 15 Sep 2020. Symbols for floods, landslides, and 6
-D- - . damaging winds are placed over the most affected areas.
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SEASG configuration — operational Q3 2026

SEASS
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« Enhancement 1: Real-time 101 member ensemble M s
A b
— Currently 51 members M >
J >
 Enhancement 2: Issue SEAS twice per month i —
— Initial date 1st and 16t of each month S p———
O b
. N >
 Enhancement 3: Expand annual-range ENSO forecasts 5
— Issue forecast monthly not quarterly Month0 Month7  Month 13
— Twice per year, increase range to 24 months SEAS6
J - >
 Enhancement 4: More comprehensive reforecasts F - >
M - >
— Larger ensemble sizes and larger set of years ﬁn = -
— Some reforecasts will extend to the 1960s j S .
— Bias correction of products will continue use a recent period g L >
(e.g. 1993 onwards) for consistency with C3S and improved 0 > N
anomalies relative to a changing climate g >
MonthO Month7  Month 13 Month 24

o
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49r1 - 50r1 “highlights of the highlights”

Outer loop coupling (more exchange of information between atmosphere and
ocean within the data assimilation cycle)

Weak constraint 4D-Var in the boundary layer allowing assimilation of all 2 metre
temperature observations

Numerous enhancements to the use of upper-air observations

New ocean and sea-ice model (NEMO4-SI3)

Waves and sea-ice interaction

Reduced vertical diffusion in the stratosphere (better QBO) and convection and
microphysics modifications

Response to specific user-relevant issues
* Inland convection penetration
 Reduced 10m wind spread
* Improved tropical cyclone initialization



T2m assimilation: Weak constraint 4d-var in the boundary layer

« \Weak constraint extended to the boundary layer (& top soil temperature

level) including representation of the diurnal cycle of model error
i RMS of forecast departure \

Instrument(s): METAR_SURF SYNOP_SURF TEMP_SURF - RH2M T2M  Area(s): Global
From 00Z 1-Jun-2024 to 00Z 19-Jul-2024
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Impacts for summer 2024
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Convection updates in 50r1

* Some of the convective precipitation now handled prognostically by the cloud scheme and advected
* Mitigates known bias of excessive offshore convective precipitation with onshore wind
* |nland penetration of precipitation improved in convective situations

’mprOVEment in

preCipitatiOn hear
COasts

Example: 01 Sep 2025
Wales/UK

Example: 24 Aug 2025
Latvia & Lithuania

0.1 100 300 1000

\ = wind direction ? | | | |

Accumulated precipitation over 24 hours (mm)



Responding to known issues
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50r1 RD esuite: score cards (summer + winter combined)
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Improvement to tropical upper air scores in 50r1 (summer+winter): ENS and CF
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Cycle 50r1 improves tropical
troposphere and stratosphere

1.4
0.6

U forecasts — first notable gain in years
L X 0.5
os 5% better 04 5% better
06 0 * Improvement mostly from physics
24 48 72 96 120 144 168 192 216 240 ' o M e e e e m e e Y contributions.
PENOERESEREN S
1.4
2 | 50R1
49R1 1.2 8% better
v 15 1
6% better
0.8
) 0.6
0.4
24 48 72 96 120 144 168 192 21 NS NgEme s Ny NN www
[T -+ < E = D L = I - # = B LN o T

& ECMWF



S ECMWF

Part 2
Destination Earth Developments

14



Longer term: Benefits from km-scale IFS (forecasts and training data)

| 2m temperature I
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FORECASTING EXTREMES: PHYSICAL MODELS VS. Al — WHO DOES IT BETTE
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FORECASTING EXTREMES: PHYSICAL MODELS VS. Al — WHO DOES IT BETTER
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Destination Earth ..., SECMWF esa @ EUMETSAT

... NOW LET’S REPLAY THE STORY

What if Belgian offshore wind farms had been refactored with modern turbines before Storm Eunice?

Current farm (398 turbines)

2 »-tvo.m.c?

Full Belgian Offshore Zone - Current Layout
398 turbines, 2251 MW total

Latitude

nnnnnn

Full Belgian Offshore Zone - With Refactoring
321 turbines, 2241 MW total
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“Refactor” 2 out of 8 Belgian offshore wind farms with the “oldest”

or “smallest” wind turbine types to new and modern turbines while
keeping the overall BOZ installed capacity
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Belgian Offshore Wind Power: Storm Eunice
ENTSO-E Actual vs. Modeled Scenarios
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Why is the cut-out with modern turbines reduced from 6 to 1h?
* Legacy turbines (3-6MW) cut-out at 20-25 m/s

* Storm Eunice winds: 25-27 m/s peak
... but also advanced control Systems, new structural design...

Credit : Irene Schicker 18
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AIFS Single vs IFS AIFS ENS CRPS vs IFS ENS

Lang et al 2024a Lang et al 2024b
Operational system from 25/2/2025 Operational system from 1/7/2025
INPUTS
Atmospheric state: QUTPUTS et o . =y
X(), X(t-6h) Prediction: ‘f i}‘ "A s 5 v h P -, PRy Target
S Gl X(t+éili|_)“ﬁ_ T — == & | A ———
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sd aifs 2024-12-01
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AIFS Single 2

Implementation in early 2026.
* Snow cover and depth
*  Wave representation

* Improved and expanded stratosphere

2024-12-20 00:00 2024-12-20 00:00

Significant
Wave Height
Forecast

Data-driven forecast Operational wave model ecWAM
N 0 | I
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

Surface wave height (m) Surface wave height (m)

Snow Depth (m)



What next for the AIFS?

« Expanded products — waves, snow depth, raised model top — in upcoming AIFS 2.

- Beyond in medium-range forecasting:
— Further expansion to ocean in 2026.
— EFlin 2026.
— Higher temporal resolution — 1-hourly data — in 2026.
— Higher spatial resolution also in development.
— What products should we prioritise?

» Real-time sub-seasonal system with dissemination by 2026.

— Including reforecasts.

* Real-time AIFS composition forecasts.

e
A4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS
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Thank you!
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