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Earth satellite sensed interface observations esa

“Interface observations refer to observations
that are sensitive to multiple Earth system

components, including atmosphere, land, sea
ice, snow, and the ocean. ” (
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ESA EOP vision: Science Strategy

New ESA Science strateqy through 2040

On the steps ESA can take to address the environment, the climate
crisis,and societal and economic impacts. Scientific knowledge and
understanding gained from new satellite technologies and growing

volumes of data provide the basis for decision-making and action, and
for preparing a better tomorrow.

The new ESA Science Strategy includes six major thematic

objectives:
« the water cycle,

« the carbon cycle and chemistry,

» energy fluxes,
« ecosystem health,

« extremes and hazards,
« and interfaces and coupling in the Earth system.
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ESA EOP vision: DestinE

Destination Earth is a flagship initiative of the European
Commission to develop a highly-accurate digital model of the
Earth (a digital twin of the Earth) to model, monitor and simulate
natural phenomena, hazards and the related human activities.

DestinE unlocks the potential of digital modelling of the Earth
system at a level that represents a real breakthrough in terms of
accuracy, local detail, access-to-information, speed and
interactivity.

By pushing the limits of computing and climate sciences,
DestinE is an essential pillar of the European Commission’s efforts
towards the Green Deal and Digital Strategy

A DIGITAL REPLICA
OF OUR PLANET

Destination Earth (DestinE] aims to develop

a highly accurate digital model of Earth to monitor

the effects of natural and human activity on our planet,
anticipate extreme events and adapt policies §
to climate-related challenges.

|| ECcMWF esa @ EUMETSAT
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https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en/
https://commission.europa.eu/system/files/2020-02/communication-shaping-europes-digital-future-feb2020_en_4.pdf

ESA EOP vision: DestinE

DestinE

DestinE will be developed through the following key milestones:

M A
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Extended
Reality, ’
- @ EGI'nItgﬁjtat Metaverse GreenComputing Implementation
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BigData  CyberSecurity AT % By 2024
Cfb BlockChain % E ; All the components of the system
,ﬁi;*_ﬁ;” Ed . - G—- (DestinE Platform, Data Lake,
Cloud dEgyimaiting Quantum Digital Twin Engine) have been
Computing developed. The DestinE Platform
Courtesy: inspired by Cap Gemini roadmap and Data Lake will be
Yesterday Today transferred into operation.
Demonstration of the first two
% # digital twins on Weather-
Induced Extremes and Climate
Change Adaptation and the
open core platform.
the Europeen Unicn implomeriod oy & ECMWF
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Enhancement

By 2026

Further enhancement of the
DestinE system and integration
of additional digital twins and
related services.

©CSa @ EUMETSAT
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ESA EOP vision: DesntinE esa

platform.destine.eu

"% Destination Earth Services Onboarding Updates About Support

1 month of DestinE Climate DT (2025)
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R
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Services already available

Explore

DestinE

Your gateway to a sustainable future

A unique ecosystem of services
harnessing the power of
Destination Earth.

3

Services coming soon

Explore
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ESA EOP vision:
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ESA EOP vision: EO satellites
5 Satellites (4 Launches in 2024)
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ESA EOP vision: Earth Explorer

EARTH EXPLORERS

Pioneering scientific and technical
excellence

cryosat ..
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EarthCARE - Mission Hpxaeesa

Earth radiation budget Largest  uncertainty  in
¥ projections of the future

climate, to be addressed in

order to improve numerical

weather  prediction and

| : e _ ‘ climate modelling, comes

\\\Sollaf:‘fafgi"a‘gm / ~ Outgoing e el o from cloud, aerosol and
R | ‘ Infrared radiation radiation interactions.

How do aerosols and
clouds, heat or cool
the Earth?

Greenhouse gases

Trapped Trapped
infrared radiation infrared radiation
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EarthCARE — Mission Objective

k‘%
VAN
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%m@esa

Systematic  provision  of
vertical profiles of clouds
and aerosols, collated with
measurements of solar and

*MBRAdBeBrbSSIEYRAd
clouds, heat or cool
Direct wWrdi®@gpth@f impact

of clouds and aerosols on
atmospheric heating rates
and radiative fluxes.
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EarthCARE - Space Segment

CPR
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EarthCARE Synergy First Light

Atmospheric Lidar Cloud Profiling Radar

detects aerosals, ice particles and rain droplets in thin clouds detects snow, rain and hail in large clouds

g Heavy rain and hail
Aerosols and thin clouds = dark red shows where it is forming
shawn in light bl to red ” - .

Clouds

shown in grey

Single
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EarthCARE links to NWP Lpxadeesa

The Aeolus mission (as for others before) revealed the power of NWP monitoring for investigating
systematic instrument anomalies and significant improvement of the Mission Data Quality

6 _ o - Identification of instrument anomalies by
T R ' correlation with NWP models.
2 4
z 0] « Major achievement by Mike Rennie (ECMWF)
E 1 . . . . .
5 21 5 3 to find linear correlation between wind bias and
T 4 ?w"‘b’" ' M1-Temperature gradient (outer — inner T)
5

A Rennie et. al (2021), QJRMS
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M1 T difference function (°C)

i
o

« EarthCARE data quality will be continously monitored and assessed by ECMWF NWP models
« Cloud radar observations, Cloud lidar observations
« Aerosol lidar observations

« Integral part of the Data Quality Framework for the EarthCARE

14
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EarthCARE links to NWP - DISC

%m@esa

EarthCARE
DISC

Cal/Vval

= Cal/Val coardination

= Calibration Strategy
Refinement

- Cal/Val data synthesis
= Product validation

- Calibration processing

’ (complement to ICMF)
- Cal/Val user support

Assimilation

- NWP monitoring of

EarthCARE products

= Interaction with processor
developers for corrective actions
- EarthCARE product

data assimilation and

impact assessment

DISC: Data Innovation and Science Cluster

Continuous improvement
of EarthCARE product
over the mission lifetime

Algorithm and processor
evolutions

Data Quality Monitoring
Cal/Val Synthesis
EarthCARE product
assimilation in NWP

models

Support and Interaction
with User
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ESA EOP vision: Copernicus
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ESA EOP vision: CopEXx

PROGRAMME OF THE
EUROPEAN UMION
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Copernicus Imaging Macrowave Radiometer (CIMR)
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CIMR must measure inter-
related but fundamental
parameters to monitor the
Arctic regions but also, some
with Global Coverage

Vegetation
Optical Depth,
Vegetation
Indices
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CIMR Mission Eesa

Mission aim: \

Provide high-spatial
resolution microwave
imaging radiometry
measurements and derived
products with global
coverage and sub-daily
revisit in the polar regions
and adjacent seas to
address Copernicus user

Polar Regions are fundamental to understanding
the global environment

CIMR is designed to:
Prevent the anticipated Gap in capability

Low frequency/High Spatial resolution (5—15
km)

Measurements every ~6 hours in the Polar
regions, no hole at the pole

95% global coverage every day for

needs.
application in all Copernicus Services
Directly addresses the EU Arctic Policy.
\ N\ .
C ( L @ A ‘Game Changer’ for Copernicus

Atmosphere Marine Land Climate Emergency Security
(CAMS) (CMEMS) (CLMS) (c3s) (EMS)

19
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CIMR general architecture

g RN satellite velocity vector

Edge of swath Forward Scan

used for
calibration

Footprint

Donlon, Craig; Vanin, Felice (2019): Scanning Geometry of tk

instrument. Figshare https://doi.org/10.6084/m9.figshare.7749398.v1 20
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https://doi.org/10.6084/m9.figshare.7749398.v1

CIMR: a game changer

CIMR compared to other PMRs

MWI-SG (2023
N AMSR2 (2012)
B CIMR (2026)
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3dB Footprints
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Note: The design of CIMR is not finalized, the values here are compatible with MRD v2

3dB ellipse
diameters
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6.9 10.6 18.7 36.5
Band name and Frequency [GHz]
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89.0
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antenna
reflector

0 = 55.0°

CIMR
@ > 7.0m (mesh)

#CIMReu cimr.eu
@lavergnetho (9th sep 2019)
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IZ1 ] .

footprint size:
L: <60 km

C: <15 km

X: 15 km
K:<5.5km

Ka: <5 (g:4) km
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CIMR: a game changer

22
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ESA EOP vision: CopEXx

PROGRAMME OF THE
EUROPEAN UMION
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CRISTAL: Copernicus polaR Ice and Snow Topography ALtimeter @esa

Aim of CRISTAL Mission

to obtain high-resolution
measurements including the
capability to determine the properties of :
so as to provide Copernicus’ . ~ I8
operational products and support services of \

direct relevance to the polar zones.

DARY OBJchi\‘{ki‘ :

Global ocean topography Support applications
as a continuum up to related to coastal inland
the polar seas waters, snow cover and
permafrost

o ZE L/
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Copernicus Expansion Missions: Polar synergies esa

CRISTAL, ROSE-L and CIMR will operate on the same
domains and will have common Mission objectives

rose-\-
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CRISTAL and CIMR link with NWP Eesa

ASEh AR iEm. " "
ERN=iCemE A Main objectives:
= | == | [Fa || 3
". i vl |H|.=.I'
N wWay
A

1. Assess the state of the art of RT models and tools and

DA for cryosphere and land domains and define a
DANTEX roadmap of evolution supporting the CEMs
operational capabilities.

KO yesterday! 2. Develop improved RT models and tools and Coupled DA
techniques and test these using satellite datasets.

3 years project 3. Provide recommendations on L1 and L2 data format

and content for CIMR, CRISTAL and LSTM missions.
DN with ECMWF

4. Provide assessment of Sentinel-1 Synthetic Aperture
Radar (SAR) Wave Mode (WV) coupled DA

\DANTEX: Data Assimilation and Numerical Testing for EXpansion missions /

26
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Conclusion

« ESA vision: the interface observations

and coupling are major attention topics
|iVing planet VIENNA

23-27 June

symposium |2025

* ESA works in synergy with ECMWEF to
benefit from NWP in terms of:

Data quality monitoring

Data validation FROM OBSERVATION
TO CLIMATE ACTION

. . AND SUSTAINABILITY
Model parameters provision for FOR EARTH

operational data processing

Dedicated sessions at LPS25! (Ips25.esa.int)

Deadline: December 1st!

27
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Thank you !

filomena.catapano@esa.int
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