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. International Cooperation, a key to success
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CNES *

THE FRENCH SPACE AGENCY
i "

doctoral

and post-doctoral
research grants awarded
every year to French

and foreign students.

People inthe French space ecosystem

4 R ;o
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[ DP
~r

4 4 Nations = +1Q@0 Space projects

Ki to space, the world’s
PUELRTEVOINITNG 2" Jargest space

with around the budget.

world. Currently led by i m

CNESin 5 key ‘
domains. .

!
[ ] Budget for 2023, . , ~a _
o . 5 Space transportation Science Defence Telecommunications Earth observation
. including France’s

contribution

EURO million @UrOS  ©Fshore1079m
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CNES

OUR ECR PROGRAM

TOULOUSE

e del es pam

1 3 o 6 o Funding partners

(industry,

research institutes,
dOCtoral 1 aboratories public institutions)
and post-doctoral =
research grants awarded = '/i \)"’

every year to French
and foreign students.

» Train young scientists in the fields of space science

» Provide a scientific environment of execellence and maintain inmowvation capacity
> FFoster space research

' > Strengthen links between ECRs, academia, CNES and industry
millions € o,
Yearly program cost R

71X Call for PhD & post-doc applications each year in February-March
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CNES

OUR 4 STRATEGIC PRIORITIES

Strengthen

our strategic independence
N “ A ‘:»\ B i

o~

Sustain
a competitive space ecosystem

Work

towards a sustainable world
\ 7 r 4,,,\ ; : § P S

Extend

our scientific excellence
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» SOCIETY Respond to Climate Change challenges

v

» SERVICES Development of new services for populationss!af‘_tthe'- '

» COOPERATION Participate to structuring internation
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LATERAL PROGRANMS AND INNOVATION

devoted to water

Land, Coastal, Ocean

b Water
Ground surface EEAIRENSLLE Satellite precursors First global survey of Earth’s
and daily evapotranspiration LSTM, S3-NG TOPO | surfc waters
P . Downstream Programs { n/ T
‘!EtaL : ’x93§f i :ﬂﬂ %ﬁ{
- = 1
Launch scheduled in 2026 ‘j d(OW@b. ﬂeXt Launched Dec 16, 2022

v
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SWOT MISSION OVERVIE

891 km

Interferometer

Inierferomé;er
Right Swath

;“Left Swath

- Cross-track

¥ Resolution
el from

70m to 10m

| akes and rivers

10 - 60 km 10 - 60 km '
Nadir marine geodesy — coastal altimetry — swell and tsunamis — winds and

Altimeter . . .
Path cyclones - surfaces DEM - polar regions - ship detection
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HISTORICAL PARTNERSHIP

/ "’“i/
\4
TOPEX/POSEIDON

JASON 1

SWOT key milestones

’ || \
< \
1998 2005 2007 2009 2011
Wide Swath Ocean Hydrosphere Mapper Joint CNES/NASA Start of Phase A Decision of the French \
Altimeter selected & WatER submitted to Science Working (Concept) ' Government to fund SWOT
NRC Decadal Survey Group formed Ay (General Investment Program) ‘
EA R '
o) 7
o 0 QQ /| G
A NN
2004 2005 2007 2008 2011 ~ - 2013
WSOA Joint UE/US Hydro Decadal Survey SWOT Kick-Off Start of AirSWOT Start of Phase B
canceled team formed recommends SWOT Start of Phase 0 development (Detailed
as combined mission Definition)

¢
cnes

CENTRE NATIONAL
DETUDES SPATIALES

JASON 2

Innovation in science, technology,
physics, potential for applications

JASON 3

2022
Successful launch
SWOQOT on science orbit
then nominal orbit

2016
Start of Phase
C/D (Design &
Construction)
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SUCCESS KEY - PREPARING FOR NEW DATA R\AY 1)

DOWNSTREAM

* Majoreffort on the preparation of the downstream program: supporting science while preparing for the

development of new services
e Strongrelation with NAASA Early Adopter Program

SUPPORT EXPERTS -
AND RESEARCHERS A 4 9 -

* Support for hydrological @ 1 ? S \
Sertit |
— SE!D \ " | @vg@glsre

l‘ FLOTTE UNIVERSITE
« OCEANOGRAPHIQUE IIAOULSLSC:LBJASE!I; NA
FRANCAISE

and oceanographic
research

Z CERFACS % Ifremer

OUTREACH
* Target market analysis *  Development of simulators to - MERCATOR
* Information and targeted provide representative data 1 Qn!tga%!c-! SY RTE OCEAN
communication «  Airborne campaign: AIRSWOT for Water INTERNATIONAL

METEO
FRANCE
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SUCCESS KEY - PREPARING FOR NEW DATA R\AY 1)

DOWNSTREAM

* Major effort onthe preparation of the downstream program: supporting science while preparing for the
development of new services
* Transboundary river management

e Strongrelation with NASA Early Adopter Program

* Flood modeling

SUPPORT EXPERTS DATA PORTAL * Water volume management for
AND RESEARCHERS « Multi-sensor platform urban, industrial, agricultural uses

* Support for hydrological @ - DUACS/AVISO &

* Hydropower production
management

/v * Prevention of epidemic spread
\

hydroweb.next

and oceanographic
research

AP

DEVELOPMENT

* Supporttoriver and ocean

OUTREACH OF SERVICES AND s > Ut ,
APPLICATIONS \\» navigation, to sea rescue operations
* Target market analysis *  Development of simulators to * Setup working groups for » Supportto fishery activities
* Information and targeted provide representative data each target area, bringing . Biodiversit
communication * Airborne campaign: AIRSWOT together stakeholders to Y

define and develop services * Estuary management
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Rhine River
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Water Surface Height
meters (WGS84)
223 3

I 208 1

g

750 "1 500 m
—
RWo 0

=y A.-

Water Surface Height _ ;
meters (WGS84) ‘
223 ’ :
I 208
I‘ £
~~ |
si

v Global slope of the Rhine well illustrated

v Identification of the weirs, locks and dams




SWOT RESULTS - OCEANOGRAPHY

Copernicus + SWOT
N

SWOT

38

SWOT orbit was chosen to observe tides and internal tides:
60N AL <
30°N . m{,\\\g p Signature of ocean

-5000 N .
s 0 ) \3& | . ——— internal waves '\
§ b 0 i n ocean features ST S
0° R /vﬁ / at spatial scales SR
L} 10x smaller
\j than previous
30°9 satellites
e
° i (Compare to
Topography 60's » At “sackground |
283 284 285 286 287 288 2¢ K S ¥
longitude
]
3 — 12f .
e 7 L
S 13} &
2 B
et
S
14 . . -
0.2 ’ o5
15 A -
b 2 o Ocean
2 S S surface
longltude Ty
» 16 NI | swell
S 40 : S waves
"3 ﬁ ® . SO '
] 17 . N 8 May 2023 |
7 ” o -0.1 4 g
a3 ] .’,L? Pe > G Sea Surface Height Anomaly (m)
{ s S 8
H 4 Zﬁ 1859 60 61 62 63 64 65
- P 02 . -03 -02 -0.1 0 01 02 03
Vertical currents |} Longitude (°E)
U
o s M Archer, JPL/NASA
283 284 285 286 287 288 280
longltude
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SWOT RESULTS
LOOKING AT TYPHOON NMIAWAR

M0E 15E 120°E 125'E 130°E 135'E 140°E

33°N

£

(120-Hr.Fest.) BAM 3 Jun\2023 (Sat.)
TS, 85KPH B
NE, 15KPH ~

(96-Hr. Fcst.) BAM 2 Jun. 2023 (Fn Y /N
STS, 110KPH
NNE, 15KPH

(72-Hr. Fest.) 8AM 1 Jun. 2023, (Th )
TY, 130KPH i
NNE, 10KPH

(60-Hr.Fcst.) 8PM 31 May. 2023 (Wed
TY. 140KPH !
N, Slowly v - :?

(48-Hr. chl )TSAM 31 MaPy 2023 (Wed ),
TY, 150KP!
PNDIW: Slowly !
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FTY, 150KPH
7 /NW, Slowly /

(24-Hr. Fst.) 8AM 30 Nay. 2023 (Tue )
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NW, 10KPH ,'

£ my
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SUCCESS KEY - INTEGRATED DATA PORTAL

Integrated approach of the Earth System ith DataTerra to serve the seienee community and answer society issues
Multi-source, multi-sensor data for use at different spatial, spectral and temporal scales
® Combination of satellite, in-situ and numerical modeling data

Support European and International partnerships, fundamental to a global approach
Free hosting on CNES Cloud and HPC infrastructure

yOroweb

A multi-sensors/multi-variables integrated
. approach for hydrology
o IN 10
e Land Surfaces
‘ ChiIo & Hydrology
\
Atmosphere
GES ~ Ocean
: SolidEarth ~ =

GEWEX ECR Workshop - Spate Agencies Day - July 7, 2024 15



OUR FUTURE MISSIC
PROGRANIMATIC APPROACH

* A committee of scientists is advising CNES Executive on scientific
challenges and lays priorities every 5 years.

R&D and technology innovation studies are carried out with our scientific

and industrial partners, to support future missions development and new
concepts

” * ldentify programmatic frameworks and funding to engage projects

 Crucial preparation with integrated project team, scientists (joint science
Team) & downstream ecosystems
e.g. SWOT

* Build strong partnerships with a collaborative spirit: additive skills,
building trust, valuing diversity, common vision & ambition
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OUR FUTURE MISSIORN
IN THE NEXT DECADE

Missions addressing e S-3-NG
scientific challenges: Topo

“to observe, understand, and model the
hydrological cycle and energy fluxes in the Earth’s
atmosphere at and below its surface”

NGGM CARIOQA

AOS

ODYSEA
Sy 3, opernicus
~ e e High-revisit
Ve g Y A o C3IEL
?ﬂ A ubdidabibs Other CNES missions addressing
J various EO scientific challenges:

Carbon cycle, numerical weather

GENESIS o .
l l prediction, geodesy, quantum gravitry...
MICROCARB A NG
EXN
REPUBLIQUE é .
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FUTURE MISSIONS
- g = / > Thermal infraRed Imaging Satellite
T R l — h NA »-Q’./ for High-resolution Natural resource Assessment

ISRO/CNES cooperation, launch scheduled in 2026,
5-year lifetime T
For Science and Applications period
Design drivers: ecosystem stress & water use; coastal &
continental hydrology

Global coverage land + coastal 8 days

3-day revisit, 60m, VNIR-SWIR (7 bands) - LWIR (4 bands)

16 days

2-3 days
1-2 days

Spatial

02l resolution

REPUBLIQUE
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OUR FUTURE MISSIONS

Cluster for €loud evolution, @limatE and Lighting

REPUBLIQUE
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OUR FUTURE MISSIONS

High-revisit Altimetry mission for Hydrology

¢
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CENTRE NATIONAL
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OUR FUTURE MISSIONS

Ocean Dynamics and Surface Exchange with the Atmosphere

'\
cnNnes

CENTRE NATIONAL
D'€TUDES SPATIALES

1satellite,
24 hours coverage:

Winds

E
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OUR FUTURE MISSIONS

EARTH SysTeEM OBSERVATORY
[ )
cnes g§ I
D'ETUDES SPATIALES

A<. s Agenzia Spaziale Italiana

ATMOSPHERE OBSERVING SYSTEM

E
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OUR FUTURE MISSIONS

NGGM/MAGIC

M ASss change and Geoscience International @onstellation

* A mission to study variations in the strength of Earth’s gravity field, mass
distribution and transport, water storage and fluctuations

Geodesy

Glaciology

» Monitor and understand global warming

Hydrology - * Natural resources management Internal Geophysics
+ Natural disasters forcast
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OUR FUTURE MISSIONS

cesa &

EUMETSAT

REPUBLIQUE
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OUR FUTURE MISSIONS

h yd [0 ‘ Og ywateSorll.moisture

precipitation aerosols ocean
C|OUdS gravimetry  currents
rivers convection lakes

climate "™




Conclusion

* CNES strategy for integrated obserwvations of Earth’s \Water,
Carbon and Energy Cycles

* International partnership isakeytosuccess
e CNES contributes to innovative missions such as SWOT, TRISHNA and
the European Copernicus Sentinel missions

* Alotof missions addressing GEVWEX challenges
in the next decade +

* Ambitious downstream programme
for science and applications, to optimize mission data use

* SWOT setsan example for future missions

* Opportunities for Early Career Researchers infFrance

REPUBLIQUE
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