Services across time scales and
Earth System components
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Contributions from many ECMWF colleagues — thank you.
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ECMWF’s role

ECMWEF’s role is to address the critical and most difficult research problems in
medium-range NWP that no one country could tackle on its own.
 Provision of Numerical Weather Prediction products from medium- to long-range.
« Provision of services (24/7) to support and enable Member & Co-operating States
in their day-to-day operations and activities.

 Provision of support to WMO activities including training and access to products.

Entrusted entity of

Climate
[11 Change Service

atmosphere.copernicus.eu : .
climate.copernicus.eu

Contributing to
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Services across time scales and Earth system component

A few examples (“Success stories”):

* |FS forecast products

«  NWP verification/performance monitoring

* Multi-system predictions — focus on Sub-seasonal

* Applications

It is not exhaustive — see ECMWEF colleagues’ presentations during this

Seminar and today’s session.

e
A\~ 4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



O N i
s VN =
An ecosystem of IFS Products e

am l = E 585 B I = = 55 @ & M = F= [#

e B= = ™ B& |

= =EF | M O



Forecast data provision across multiple timescales

ERAS monthly Significant Wave
mean Height (m)
2m temperature - 04 Nov 2024
- Jan 2016
2m temperature Mean SST
anomaly anomaly
- 04-11 Nov - Nov 2024
2024

Sub-seasonal - 46 days - 36km Seasonal Forecast - 7 months - 36km

~ ECMWF



NWP ensemble products

Extreme Forecast Index (EFI)
Specialized guidance for anomalous, extreme or severe weather events

CDF for 24h mean 2m temperature ("C)
mm%al—ttﬁh Climate extrema [Max =22, Min = 0]
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Fri04 Apr 2025 00UTC @ECMWF 1+96-168h VT: Tue 08 Apr 2025 00UTC - Fri 11 Apr2025 00UTC
Extreme forecast index and Shift of Tails (black contours 0,1,2,5,8) for 2m mean temperature
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NWP ensemble products

Tropical cyclones products — across timescales

Medium range (named systems)

Sub-seasonal
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Observation monitoring — alarm dashboard

CECMWF

Home About Forecasts Computing Research Learning Publications

Serving
meteorology

International collaboration is
fundamental to the work of
ECMWF, working with the EU and
the meteorological community at

large, including the World Contributing to European
i h

Working with space agen- Supporting WMO pro-

grace g cies grammes
agencies, and sclentists around the
worldy Copernicus Climate Change Ser- Observations World Meteorological Centre
vice (C35)
T — Data monitoring Data archives
Copernicu: Monitor- —
ing Service (CAMS) Seviie forecasting

Copernicus Emergency Manage-
ment Service (CEMS)

Destination Earth
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Observations Monitoring Dashboard

Showing data from ~ 2024/09/19 step 12:00 UTC (latest) ~

J® hide channels with no anomalies

Microwave observations

. Infrared observations
GNSS Radio Occultation
. Geostationary radiances
Atmopsheric Motion Vectors
. Ozone
@ sateliite attimetry
Scatterometer winds
In-situ observations

. Ocean observations

This dashboard provides a summary of availability, quality and usage of observations received at
ECMWF. Observations are grouped in categories to reflect the data type and observed geophysical
parameters. The availability and quality status is provided by the ECMWF automatic data checking
system. The status is displayed using a traffic light system:

@ The product group is Nominal.
The product group is degraded. Click on the group to reveal the sub-groups affected.

@ The product group is affected by severe anomalies or quality or availability. Click on the group to
reveal the sub-groups affected.

The channel/layer is monitored only.

Observations Monitoring Dashboard

Showing data from  2024/09/19 step 12:00 UTC (latest) ~

J hide channels with no anomalies

Microwave observations

@ Avsrz
@ Avsrz
@ Gioval
@ channel 1

AMSR2 GCOM-W1 ALLSKY Radiances Global Channel 1
(Tb brightness temperature [K]): out of range
obs_number=7348 EXPECTED :17180.4106 19155.6732

See plot

@ channel 2
@ chamnel
@ channel 4
@ channel 5
@ channels
@ channel 7
@ channel

A quick near-real time access to the configuration and health
status of the observations used and monitored at ECMWEF.

A system designed to serve expert and non-expert users.

https://obsstatus.ecmwf.int



https://obsstatus.ecmwf.int/

NWP verification and performance
monitoring
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Verification

Documenting forecast systems’ performance

JMA — KMA
Continuous ranked probability skill score | 850hPa temperature  —ncep = BoM
NHem Extratropics — UKMO DWD
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Evaluation of ECMWF
forecasts

Thomas Haiden, Martin Janousek,
Frederic Vitart, Maliko Tanguy,
Fernando Prates, Matthieu Chevallier

September 2024

IFS medium-range, sub-seasonal, seasonal
C3S seasonal multi-system

AIFS (and other experimental Al models)
Destination Earth Extremes DT prototype
CAMS atmosphere composition (global)
CEMS EFAS

Y
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 11



Verification

Documenting forecast systems’ performance
Getting feedback from forecasts’ users

s JMA — KMA
Continuous ranked probability skill score | 850hPa temperature  —ncep —BoM
NHem Extratropics — UKMO ~—DWD

| = ECMWF

3 . . . : . . . . . . . . . . . . . .
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Continuous dialogue with users in

Member/Co-operating States is key !

Technical & ECMWE
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Evaluation of ECMWF
forecasts

Thomas Haiden, Martin Janousek,
Frederic Vitart, Maliko Tanguy,
Fernando Prates, Matthieu Chevallier

September 2024

Technical £ ECMWF
Memo Eurcpean Cerefor Mocn-Range

919

Use and Verification of
ECMWEF products in
Member and
Co-operating States

(2024)

Tim Hewson and Matthieu Chevallier

‘September 2024

“The Green Book”
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From FMI’s contribution to the Green Book
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Performance monitoring

Evaluating performance of (all) ECMWF

forecasting systems on specific weather events

Pages | Forecast UserPortal B8 ¢ @

Severe Event Catalogue

Created by Florian Pappenberger, last modified by Timothy Hewson on Nov 09, 2022

On this space|
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bottom of eag
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Contact em
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3-day rainfall totals (mm) for 13 to 15 September 2024

ECMWF Newsletter, website...
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Experimental products on OpenCharts

Experimental Al-models on OpenCharts

= <CCECMWF | chars

A Home / Products from various Al Models / ChartSet

(@)

Experimental: Aurora ML model: Mean sea level pressure and
850 hPa wind speed

Experimental: GraphCast ML model: Mean sea level pressure
and 850 hPa wind speed

Experimental: Pangu-Weather ML model: Mean sea level
pressure and 850 hPa wind speed

Tue 08 Apr 20 2500 UTC (T+168) v Europe

& ECMWF

g
8

Date 20250301 00 UTC @ECMWF

Individual trajectories for ALFRED during the next 240 hours
tracks in solid: airs AURO PGUW DMGC IFS

[reported minimum central pressure (hPa) 961]
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© Help v

+ Login

/' 20°s

30°5|
Experimental: FourCastNet ML model: Mean sea level pressure

and 850 hPa wind speed
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List of ensemble members numbers forecast Tropical Cyclone

https://charts.ecmwf.int

[up to 33] TS [34-63] HR1 [64-82] HR2 [83-95] HR3 [> 95 kt]

10m Wind Speed (kt)
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Access to multi-model/system data
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Anomaly (deg C)

Seasonal multi-system forecasts

NINO3.4 SST anomaly percentiles 10, 25, 50, 75, 90
C3S: ECMWF contribution from 1 August 2023
monthly mean anomalies relative to 1981-2010 climatology
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NINO3.4 SST anomaly percentiles 10, 25, 50, 75, 90
C3S: Multi-system forecast from 1 August 2023
monthly mean anomalies relative to 1981-2010 climatology
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https://climate.copernicus.eu/seasonal-forecasts
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Implemented by ECMWF as part of The Copernicus ew Events Press Tenders

Programme

. -~ Climate
EGpern!ous ( 1" Change Service

ﬁ Home / C3S seasonal charts / ChartSet

Soc AUG 2025
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Climate
Change Service

climate.copernicus.eu

Data Aboutus What we do
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CMCC sea ice concentration 1-month

DWD sea ice concentration 1-month

ECMWEF sea ice concentration 1-month
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5% sea ice concentration contours.
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15% sea ice concentration contours.
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https://climate.copernicus.eu/seasonal-forecasts

Sub-seasonal multi-model — WMO Lead Centre

« ECMWF hosts WMO Lead Centre for Sub-seasonal Predictions Multi-Model Ensemble.
* Built on the legacy of the WWRP/WCRP S2S project and relies on S2S archive infrastructure.

WORLD

”;ﬁ METEOROLOGICAL WMO Lead Centre for Sub-seasonal Prediction Multi-Model Ensemble S ECMWF
‘!5,‘! ORGANIZATION

The Lead Centre for Sub-seasonal Predictions Multi-Model Ensemble (LC-SSPMME) coordinates multi-model ensembles
of sub-seasonal forecasts by maintaining an archive containing a set of model fields, by creating graphical products from
individual and multi-model ensembles under an agreed format and by creating verification statistics. To provide WMO
Members with reliable multi-model ensembles in real time, the LC-SSPMME uses forecast data from several sub-seasonal

prediction systems. Forecast data is provided by WMO Global Producing Centres for Sub-seasonal Predictions and by
Contributing Centres.

FORECAST CHARTS VERIFICATION STATISTICS

Further information on forecast products and forecast digital data is here.

Global producing centre for Sub-Seasonal Predictions (GPC-SSP) Contributing centres
© CRIEC CECMWF 2 MetOffce Bl S Q@ KMA stz
Beijing CPTEC ECMWF Exeter Montreal Seoul
DEL )
Moscow Tokyo Toulouse Washington
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Sub-seasonal multi-model — WMO Lead Centre

ECMWF hosts WMO Lead Centre for Sub-seasonal Predictions Multi-Model Ensemble.
Built on the legacy of the WWRP/WCRP S2S project and relies on S2S archive infrastructure.

'WMO Lead Centre for Sub-seasonal Prediction Multi-Model Ensemble

ECMWEF - Reliability of tercile category forecasts

Reliability Diagram for 2-metre temperature

Center: ECMWF; Season: DJF; Valid Range: 432-600 h; Region: Northern Extratropics
1.0
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°/", . —e— Above normal
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Verification statistics from reforecasts

Toulouse: Precipitation weekly mean anomalies

Near real-time forecast charts (updated weekly)

Available at https://charts.ecmwf.int/wmo/
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Accessing and exploring forecast data on European Weather Cloud
SEE-MHEWS-A South-East European Multi-Hazard Early Warning Advisory System
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Regional
Marine Models.

Global Numerical *
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Forecasting Hydrology Nowcasting  Marine  Warnings

Centralized

Observational
Database J .Iﬂl]. @ ggg
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Tools for data and products visualization and dissemination

. Project countries Regional partners

i :F ;F ﬁ ﬁ NWP Consortia Observed (blue) vs. calibrated discharge (red) at station in

WMO Regional Centers Vrbas river
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EUMETNET EUMETSAT

i i Research Institutes COPERNICUS
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Floods and fire forecasts — Early Warning Systems
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CEMS operated by EC Joint Research Centre (JRC)
ECMWEF computational centre for Floods and Fire
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Accessing and exploring data on the Climate Data Store /@\ Climate

Change Service

climate.copernicus.eu
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.f 9 ' SN
“ASPECT
Reykjavik N §
%
‘ Sain\t\‘
Petersburg
[}
Glasgow. 4 |
ol 0
D ; Amsterdam -
: LW S 0
. ‘ .
& Paris7 Temperature [oc] .
MONTHLY CLIMATOLOGY 1991-2020 []
o
0
A What's shown?
Mad dj How this graph was made... v
adrid 0/
= & Lisbon M\;/Talencia & ® Explore .
3 How do different locations compare?
o A o Tehr
Damascus . 0 Baghdad
oli & 4 o1 Jerusalem ‘ !
i : ; . "ERA & P10 R E 5 Kuwait H H
o - oo o N A R Built on a new ZARR archive of
- _— - T, 7 7 | Temperature (30 year average) [°C] e v
I - E i 4 2 - LA —~ — .
(- L T s e ] selected ERAS variables

https://era-explorer.climate.copernicus.eu/
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https://era-explorer.climate.copernicus.eu/
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Conclusions

« A comprehensive ecosystem of forecast and analysis products spanning
multiple time scales and Earth system components.

« ECMWEF infrastructure plays a vital role in enhancing data accessibility and
supporting data exploration for diverse applications.

* Programmes (e.g., Copernicus, Destination Earth), projects, and collaborations
(with Member and Co-operating States, WMO) support these developments and
act as value multipliers.

« Engagement with Member and Co-operating States is instrumental in expanding
the product portfolio and improving forecast quality — it will be even more in the
future!

e
A\~ 4 ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 24



Thank you!
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Open Data at ECMWF

Free and open charts including
meteograms (Open Charts)

Free and open data available on
ECMWEF Data Portal and in Microsoft
Azure, Google & Amazon AWS

Contents of the ECMWEF real-time
catalogue provided with an open licence
(CC-BY-4) for data >= 0.4 degrees

Reduced fees for some
licence types

M @
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Open Archive Data

In October 2020, all nen-valid
data in the ECMWF Archive

Catalogue was released under a
CC-BY-4 licence.

’-----------------------------------------------—,
4

Second Decrease in Costs

More Free & Open Data

In March 2024, ECMWF made
significant changes to existing
open data sets. The resolution
increased to 0.25 degrees and
more parameters were added to
enable LAM-initialisation.
The full output of the ECMWF AIFS
model was also made freely and
openly available.

Open Data Roadmap

Open Charts

ECMWF released all static charts
freely and openly under a CC-BY-
4 licence.

ECMWF reduced the Information

Cost for Maximum Charge users

by a further 30% to 70,000 EUR
per year and reduced the EPU unit

cost by 50% (from €0.5 to €0.25
per EPU).

Third Decrease in Costs

ECMWF decreased the Maximum
Charge by another 32.5% to 47,500
EUR per year. The EPU cost unit will
decrease by 40% to €0.15 EUR per

EPU.

Additionally, the entire ECMWF real-
time catalogue will be available under
CC-BY-4 at 0.4 degrees and coarser.

More Free & Open Data

In 2023, ECMWF made available
in real-time more parameters from
the Copernicus Atmospheric
Monitoring Services and Climate

Small Business Discount

The Small Business Discount was
adapted to enable more users to
take advantage of half-price
data.

\
Free & Open Data :

The first batch of free and open real- :
time data at 0.4 x 0.4 degrees was |
released in 2022, including a subset |
of the full catalogue containing the 1

most popular parameters.

o ——

First Decrease in Costs

ECMWF reduced the Information

Change Services

Fully Open, Partly Free

During 2025, ECMWF will release the
entire Real-time Catalogue under an
open licence, with a significant
portion freely available at the
maximum resolution.

The Information Cost will be
abolished, but Service Charges may

apply.

Cost for Maximum Charge users
by 28% from 140,000 EUR to
100,000 EUR per annum.
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