Role of observations in NWP and atmospheric composition forecasts
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Evolution of the skill of medium-range forecasts
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ACC 500hPa geopetential height (12-month running mean)
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Observations in NWP .

The Satellites provide the global initial conditions (what the atmosphere doing now) needed to forecast
many days in the future.

ECMWF OBSERVATIONS ECMWEF Earth System Simulator
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Number of satellite instruments processed and used
operationnally at ECMWF -

60 million quality-controlled
observations absorbed every day
by our physics-based Integrated
Forecasting System (IFS).
Around 40,000,000 are satellite
observations!
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These observations constrain the
meteorology, the land surface,
the ocean, and atmospheric
composition.
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And comes Al/ML...

The skill of the best Al/ML
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Beyond the weather forecasts

Medium range: up to 2 weeks

Sub-seasonal range: up to 6 weeks

Seasonal range: up to a year

Air quality forecasts

"
Relative humidity
Soil moisture

Y
_w ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS




e Since 1990s, ECMWF has been involved in EU Reseach and Innovation
programmes

» Since 2014, ECMWF implements the Copernicus Atmosphere Monitoring
Service (CAMS) and the Copernicus Climate Change Service (C3S) as
Entrusted Entity of the EC / DG DEFIS, and is contractor for the
Copernicus Emergency Management Service (CEMS)

» Since 2021, ECMWF implements Destination Earth together with ESA and
Eumetsat as Entrusted Entities of the EC / DG CNECT

» Since 2025, ECMWF also works with ESA and Eumetsat on a project of
the EC / DG INTPA on Space for Early Warnings in Africa (SEWA)
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Copernicus Atmosphere Monitoring Service
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Europe’s eyes on Earth

11 years of CAMS operatlons QECMWF

implemented by ECMWF _
12 June 2024 .

Join us in Prague, Czech Republic
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https://atmosphere.copernicus.eu/9th-cams-general-assembly-copernicus ‘

CAMS is the effort of ECMWF and about 200 contractors/partners around
Europe. The 2025 General Assembly had more than 400 participants
with 250 attendees in person.



e CSECMWF

- THE EUROPEAN UNION GpEerpen!CLEJ§ @\ * / /
40 km resolution
CAMS g IObaI: I FS-Compo 5day AC and NWP forecast at 0 and 12 UTC

Carbon Monoxide forecasts

Base time: Mon 16 Sep 2024 00 UTC Valid time: Mon 16 Sep 2024 03 UTC (+3h) Area : Global Level : Total column
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Yesterday’s forecast is adjusted by today’s observations to
produce the outlook for tomorrow. Every day.
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AC observations used in global NRT CAMS system

Species Instruments

CAMS NRT
0, S5P, GOME-2, OMI, OMPS-NP, MLS, OMPS-LP, GEMS, TEMPO
co S5P, IASI, MOPITT
NO, S5P, GOME-2, GEMS, TEMPO
Aerosol MODIS, VIIRS, PMAp, S3
Cco, GOSAT, IASI, 0CO-2 Launch MTG-S1
CH, GOSAT, IASI, S5P on 01/07/2025
S0, (volcanic) S5P, GOME-2, IASI (Copernicus Sentinel-4)
SO, (anthropogenic) S5P
HCHO S5P, GEMS, TEMPO

GFAS fire emissions MODIS, VIIRS, GOES, S3

CAMS uses Earth Observation data from many satellites for atmospheric
composition and weather (total ~100). ---- Used in operations Launch MetOp-SG1

---- Undergoing testing on 12/08/2025

---- Retired since Feb 2025 (Copernicus Sentinel—5)
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Europe’s eyes on Earth

Wildfires monitoring and their impacts on emissions
and air pollution

Annual Wildfire Carbon Emissions for Europe
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Animation of hourly NO, retrievals 20241203

20241203, 0z
NO2 [10*15 molec/cm?2]
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S5p & GOME-2BC polar orbits

GEMS
Hourly during
daytime
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NO, and OZONE DIFFERENCES (NO, ASSIM - CTRL)

ABS BIAS NO, (ASSIM — CTRL) ABS BIAS O, (ASSIM — CTRL)

) o ) ) ) ) 03 (ppb) FC-OBS Bias Abs Diff (iolcAn_airnow-ioo0An_airnow) versus AirNow.
NO2 (ppb) FC-OBS Bias Abs Diff (iolcAn_airnow-ioo0An_airnow) versus AirNow. 2 Dec 2024 - 25 Jan 2025. 00,06,12,18Z, T+0 to 0. VerOD 12.14.5.
2 Dec 2024 - 25 Jan 2025. 00,06,12,18Z, T+0 to 0. Ver0OD 12.14.5.
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« Comparison with Airnow surface NO, and O, observations
« Small reduction in O; MNMB and RMSE when assimilating TEMPO
NO,, especially in central and eastern US 16
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CAMS Analysis Particulate matter d <= 2.5 um
2025-04-01 TOO

Forecasting air pollution events

Saharan dust intrusions monitored in Europe and long-range transport
across the Atlantic Ocean + impact on PM concentrations

Particulate matter d <= 10 um
2025-08-01 TOO Data: CAMS global atmospheric composition analysis « Credit: CAMS/ECMWF
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CAMS o-suite versus Gwadair observations
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CAMS Methane Hotspot Explorer
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CH, Emissions hotspots/plumes
detection using Sentine-5P
observations. Now also working with
companies with high-resolution
capabillities.
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CAMS Emissions inversions

T 110 208 Tone_ . CAMS is developing a CO2MVS (Monitoring
5 10 T edingsteinet . 2023 and Verification Support Capacity) for the

Z oo European Commission. It is built around the
5 CAMS global data assimilation and

£ 27 forecasting system.
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Access to ECMWF open NWP and Copernicus dat




The road to open data

Open Archive Data

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

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

®

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.

< ECMWF

Second Decrease in Costs

Open Charts

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

ECMWEF 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

ECMWEF 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.

’------------------------------------------------‘
14

Change Services

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

most popular parameters.

A - -

P
First Decrease in Costs
ECMWF reduced the Information
Cost for Maximum Charge users
by 28% from 140,000 EUR to
100,000 EUR per annum.
__________________ >

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.

From 1st October 2025

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Open Data portal — free and

open dataset _

« Data from IFS and AIFS
models in GRIB format

* 0.25 degrees resolution
(higher resolution coming
soon)

» Subset of most popular
parameters

Copernicus data generated

by ECMWEF available

 On the Climate Data store

(CDS)
* On the Atmosphere Data
Store (ADS)




A few take-away messages

= Space-based observations are absolutely critical to allow accurate forecasts and provide
advanced weather, air pollution and extreme events warnings systems:
» Global overview to develop reliable and accurate NWP and atmospheric composition
forecasting systems
» Less exposed to extreme conditions than in-situ networks

= European satellite constellations are unparalleled, with different space-based sensors providing
complementary multi-spectral real-time observations of the atmosphere.

= Investment in observing systems, but also in advanced (Al) utilisation systems is critical for further
improving forecasting capacities, but also air pollutants and GHG emissions retrievals.
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