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A quoi sert un observatoire géodésique

multi-techniques ? .
. 4
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Reference Frames

@ Height Reference Frame

@ ) Celestial Reference Frame

ulw Gravity Reference Frame
P

From GGOS @ Terrestrial Reference Frame
https://geodesy.science/ggos/products/




Ok, et dans tout cela, on se situe ou ?

- Sea level change - Weather/climate
ENABLED SCIENTIFIC APPLICATIONS - Water cycle - Ecosystems
— - Geological hazards - Geodynamics
I r - Land and ice deformation and change h
- Sea surface height ~Mass change
GEOPHYSICAL OBSERVABLES - Atmospheric parameters ~Surface and ground water
-' - Land and vegetation topography and soil moisture
- - Time variable gravity - Radio occultation
- Altimetry - GNSS reflections from space
EARTH ORBITING MISSIONS - InSAR and SAR - Optical change detection
: - Precise positions - Gravity field >
PRIMARY GEODETIC PRODUCTS - Orbit determination - Reflection and signal-to-noise ratio
_I - Earth rotation - Total electron content and tropospheric delay
- Station coordinates as function of time - Scale
TERRESTRIAL REFERENCE FRAME - Origin (Earth system center of mass) - Orientation

GEODETIC INFRASTRUCTURE - gzﬂod‘;veat:: techniques (SLR, VLBI, GNSS, DORIS) - Experts

- Archives

National Academies: Evolving the Geodetic Infrastructure to Meet New Scientific Needs

Les observations réalisées aCalernpar | 6 Obser vat omultetechoet Paticipantau socle
des produits scientifiques en géodésie et geophysique



Concretement, a quoi ¢a sert ?

Design error at bridge construction in Laufenburg (2003): During the construction of the bridge
across the Rhine river in Laufenburg, a control showed that a height difference of 54
centimeters exists between the bridge built from the Swiss side and the roadway of the German
side. Reason of the error is the fact that the horizons of the German and Swiss side are based
on different reference frames. Germany refers to the sea level of the North Sea, Switzerland to

the Mediterranean.
Courtesy of Hermann Drewes / DGFI



Sea Height Variation (mm)
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millimétrique du TRF ?
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1993.0 - 2021.46 linear rate = 3.36 +/- 0.4 mm/yr

Annual and semi-annual sign®
Glacial Isostatic Adjustment applied
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Geodesy requirements :
| realizing the Terrestrial
Reference Frame (TRE) with
an accuracy of 1mm
and a long-term stability of
0.1mm/year are relevant for
many scientific and societal
NASA/q endeavors.
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A small drift of 1 mm/yr in the I'TRF origin, Jranslates
into apparent 0.9 mm/vr sea level rise at high latitudes

0



o ¢

CED
AZUr

Situation actuelle

A ITRF 2020 : 5 mm en positionnement et
0.5 mm/an en vitesse

A Erreurs systématiques VLBI, SLR,

DORIS, GNSS
1 A Nombreux processus pas ou mal
1 modélisés
' ] LB —5.1 . g - P 1 1 1 ] ‘20
1980 1985 1990 1995 2000 2005 2010 2015 2020
Facteur doé®chelle relatif estim® par technique

(Altamimi et al., 2023)



Genesis Primary Objectives Cesa esa

genesis
United Nations
Contribute to improve ITRF accuracy and stability by providing Y eneral Avsemble
in-orbit colocation and necessary combined processing for the four ey Treneral Assembly

space-based geodetic techniques that contribute to its realization.
The goal is to contribute to the achievement of the Geodetic
Global Observing System (GGOS) objectives for the ITRF
realisation, aiming for a parameter accuracy of 1 mm and a
stability of 0.1 mm/year, in order to provide significant scientific
benefits in Earth modelling, and to support a wide range of societal
applications (as endorsed by the United Nation resolution
A/RES/69/266).

Targets:

Accuracy: 1 mm
Stability: 0.1 mm per year

Contribute to improve the link between the ITRF and the ICRF,
thanks to the increased consistency of the Earth Orientation
Parameters (EOP). In particular, this mission shall allow for the
first time a link between the orbit reference frame, ITRF and ICRF.
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Genesis-enabled Science and Applications

Geodesy, Reference Frames

Improved ITRF, EOPs, GNSS, Navigation
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Earth Sciences

Geophysics: Deep Interior
- Geo-centre motion

- Core flows
Magnetic

Geophysics: Mantle, Oceans
- Tectonic motions

- Post-glacial rebound

- Ice melting, Ice mass loss

Sea | evel C

Atmospheric Physics
- lono, Plasmaspheric density
Radiation budgets, Earth
I mb a
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- Sea-level change
- Water cycle
- Geological hazards

- Weather/climate
- Ecosystems
- Geodynamics

ENABLED SCIENTIFIC APPLICATIONS

" - Land and ice deformation and change
- Sea-surface height
GEOPHYSICAL OBSERVABLES

- Atmospheric parameters
- Land and vegetation topography

- Mass change
- Surface and ground water
and soil moisture

- Radio occultation
- GNSS reflections from space
- Optical change detection

- Time-variable gravity
- Altimetry

EARTH ORBITING MISSIONS e n

PRIMARY GEODETIC PRODUCTS

- Precise positions
- Orbit determination
- Earth rotation

- Gravity field
- Reflection and signal-to-noise ratio
- Total electron content and tropospheric delay

- Station coordinates as function of time - Scale
- Origin (Earth system center of mass) - Orientation

TERRESTRIAL REFERENCE FRAME

- Geodetic techniques (SLR, VLBI, GNSS, DORIS)
- Software

- Experts

Genesis

AEvol ving the Geodetic I nfrastr.!
National Academies of Sciences, Engineering and Medicine (2020)

GEODETIC INFRASTRUCTURE
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Genesis System Overview

Four geodetic payloads:
1. VERY -LONG -BASELINE e,

INTERFEROMETRY (VLBI)
Transmitter
2. SATELLITE LASER RANGING - \ ; TG

(SLR) Retroreflector

3. GLOBAL SATELLITE
NAVIGATION SYSTEMS
(GNSS) Receiver (Nadir
and Zenith antennas)
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Coordinator Ozgur Karatekin
Royal Observatory of Belgium — RoB

Co- Francesco Vespe
Coordinator ASI Space Geodesy Centre at Matera

WG1: ITRF & Zuheir Altamimi (IAG) Working Group 1.1.1 on

Combination Institut national de I'information géographique et forestiere — IGN GENESIS
. Florian Seitz Johannes B6hm
of TeChmques Deutsches Geodatisches Forschungsinstitut-Technischen Universitat Miinchen — DGFI TUW

WG2: GNSS Rolf Dach

Universitat Bern

Benjamin Mannel
Deutsches GeoForschungsZentrum — GFZ

WG3: VLBI Riidiger Haas
Chalmers Tekniska Hogskola

WG4: DORIS Guilhem Moreaux
CLS-Collecte Localisation Satellites

—— e, R
WGS5: Laser Clément Courde i \\
Ranging Centre national de la recherche scientifique — Géoazur e
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Overview of the GENESIS Mission

w 7 Participation to requirements consolidation in Phase A

Support ESA in the follow up of the industrial activities, with
emphasis on instrument and platform developments

- Analysis of mission performance and the mission
- contribution towards target ITRF improvement

A CENEoS

mission

\ Preparation of the scientific data exploitation, covering any
" gaps in algorithms, tools or ground infrastructure required

. Preparation and execution of required ground-based campaigns
4 4. # (in particular VLBI, SLR)
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Genesis Mission Status

esa

esa '
Qualification .
genesis __ : and SCIe.ntIf.IC
Critical Design Acceptance exploitation

Review (CDR) Review (QAR)
2026 » 2028
‘Preliminary ’
Design Review 4

(PDR)
Q4 2025 ¥ | / /
System » P—
Requirements
Review (SRR) '
Q4 2024 ‘(
Contract
Signature and \
Kick Off %f ‘
activitie
March-April 2024 ne X aZ - A
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Genesis Is not a T&F Mission, but:




