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ESA’s questions

Which future operational or scientific users’ needs will drive the definition of future system-
of-systems?

What should our European Earth Observation Ecosystem look like in 2040+?
How do commercial Earth Observation data providers fitinto the overall picture?
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Which future operational or scientific users’ needs will drive the definition of future system-of-systems?

Our Vision:

World-leading monitoring and predictions of
the Earth system enabled by cutting-edge
physical, computational and data science,
resulting from a close collaboration between
ECMWEF and the members of the European
Meteorological Infrastructure, will contribute
to a safe and thriving society

ECMWEF in 2035:

= |nnovating at the cutting edge of physical,
computational and data science for
environmental monitoring and prediction

= Delivering forecast tools and products of
ted quality, exploiting data-
driven methods anchored on physics-
based modelling

* |ntegrated in and collaborating he
wider European meteorological community
to deliver maximum value to society

Our Mission: Deliver global numerical weather predictions focusing on the medium-
range and monitoring of the Earth system to and with our Member States

Strategic Pillars and Actions:

Science & Technology “ Organisation & People

Improve use of observations &
Earth system data assimilation

Meet users’ needs & deliver
world-leading quality products

Improve seamless Earth system
models

Exploit high-performance
computing, technology
& computational science for
numerical weather prediction

Optimise provision
& sharing of data, tools
& resources

Increase organisational
performance, resilience &
effectiveness

Enhance partnerships, training
& communications

Enable a thriving multi-site
environment with an emphasis on
sustainability

intelligence/machine learning for
data-driven forecasting
e

Optimise system design &
enhance flow from research to
operations & vice versa

,~—  Harness artificial )




Physical DA + FC

Physical DA + FC + ML emulation of individual components

Physical DA + FC + ML model error correction (Hybrid forecasting)

Physical DA + Data Driven ML FC trained / initialized from analyses

Data Driven ML FC trained / initialized from observations
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What should our European Earth Observation Ecosystem look like in 2040+?

Some high-level thoughts

Observations (and compute power) are the only fundamental resource in our business
Who provides the observations is potentially subject to change

Who uses the observations is potentially subject to change

Which observations are needed is potentially subject to change

...our predictive horizon for the above has been significantly reduced by the advent of private sector space
and Al/ML

(in other words 2040+ feels a long way off now!)

Thanks to Tony McNally



EUROPE

Aeolus
CHAMP
CRYOSAT
ENVISAT

100 different sensors used!

2010 to 2025 Bl

- 50% more instruments T

- More hyperspectral IR Sentinel

- More GNSS RO TanDEM-X

- More diversity of origin VBTEEL
USA-EUROPE

2025-20407 JASON

Sentinel-6A
SPIRE-Lemur-3U
SPIRE

- 50% rise again?

- MTG-S, Metop-SG

- Copernicus Expansion
- Post-JPSS

- FY-5
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Assessing the new EPS-Sterna 325 GHz humidity channels in the EDA

* The new 325 GHz humidity channels from « First time these channels are used in NWP —
EPS-Sterna give a similar impact as still lots to learn!
corresponding 183 GHz channels when added
to the temperature-sounding channels.

EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS 11
Thanks to Katie Lean and Niels Bormann






Interface Observations

Assimilated in
atmospheric analysis

skin temperature

Atmospheric
water vapour
and temperature

Cloud and
precipitation

At ECMWEF used via
third party L4 (OSTIA)

SSMIS F-17 channel 13 (19 GHz, v)
Microwave brightness temperatures
3rd December 2014

Not used yet but
could be in snow DA

Not yet used, but
could be in land DA

Land surface temperature,

iomass, soil moisture

Thanks to Alan Geer






DATA DRIVEN WEATHER FORECASTS TRAINED AND
INITIALISED DIRECTLY FROM OBSERVATIONS

A PrepRINT
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ESA’s questions

« How do commercial Earth Observation data providers fitinto the overall picture?



Who provides the observations is potentially subject to change

Expanded access to space for the private sector observation
deployment is likely to accelerate

Space-based observation deployment (for NWP) being
influenced by GEO return, technology demonstration or
artificial market forces is likely to reduce

Quality

Private sector OBS players may move away from selling OBS N gf
and instead keep unique measurements to add USP value to ev(;/atpaace

their own commercial forecast services

AI/ML will democratize access to NWP for low cost OBS
providers

New Space



WMO position paper on requirements: providing guidance to all sectors

%‘*@ " ay XS

Document instrument Engage (3) Timeliness, format
(2) and algorithms (4) and tools (5)

:
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%

Pre-operational Data Archives (7) Plan for future Sl traceability (9) Maintain beyond
test data (6) follow-on (8) life if possible (10)

This best practice is largely followed by
the main space agencies whose data is
widely used and critically important in
global NWP

Happy users



Strategy?

Agility to react to potentially rapid evolutions and deliver observations (ESA, EUMETSAT and others) that
are actually needed (and have a robust mechanism to evaluate these needs).

To examine critically what is the verified added value of Space Agencies and NWP processing instead of
somebody else doing it...prioritizing resources on these areas.

Consider that users may be evolving towards wanting raw data and tools and not products.

Thanks to Tony McNally
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