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-> Mission Goal: The Sentinel-6 Next Generation (S6NG) mission aims to improve the accuracy and stability of
sea level measurements to support climate research, building on the current Sentinel-6 mission.

-> Proposed Orbit Change: ESA is considering lowering the satellite's orbit to 800 km with a higher inclination.
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@ Overview

-> Mission Goal: The Sentinel-6 Next Generation (S6NG) mission aims to improve the accuracy and stability of
sea level measurements to support climate research, building on the current Sentinel-6 mission.

-> Proposed Orbit Change: ESA is considering lowering the satellite's orbit to 800 km with a higher inclination.

Benefits of a Lower Orbit with a higher inclination Challenges of a Lower Orbit

Makes deorbiting the satellite easier and

cheaper, potentially extending the Eliminates the possibility of a crucial

mission's lifespan from 5 to 7.5 years tandem phase with the current
Sentinel-6 mission, which is essential for

Provides access to the rapidly changing cross-calibration and data continuity.

Arctic Ocean for monitoring

Cost-Effective
Deorbiting
Loss of Tandem Phase

Arctic Coverage

Enhanced Stability Rec.juc.:es the satellite’s exposure to The change in orbit could affect the
radiation stability of sea level measurements by
Impact on Stability impacting the accuracy and stability of

Leads to a more power-efficient radar
Improved Efficiency altimeter and enables smaller MWR
footprints for better WTC

orbit determination, environmental
corrections and other unknown effects.
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-> Primary objective of the SGNG orbital study (so-called ORBITAS): evaluate how a new reference orbit
for SGNG will impact the mean sea level uncertainty budget and ensure the mission still meets the
scientific requirements for stability.
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& Study objective and work logic

Primary objective of the S6NG orbital study (so-called ORBITAS): evaluate how a new reference orbit
for SGNG will impact the mean sea level uncertainty budget and ensure the mission still meets the

scientific requirements for stability.
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-> Primary objective of the SGNG orbital study (so-called ORBITAS): evaluate how a new reference orbit
for SGNG will impact the mean sea level uncertainty budget and ensure the mission still meets the
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-> Primary objective of the SGNG orbital study (so-called ORBITAS): evaluate how a new reference orbit
for SGNG will impact the mean sea level uncertainty budget and ensure the mission still meets the
scientific requirements for stability.
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&) S6NG Orbit Selection ==
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-> Propose a set of orbits (5 maximum), as = /

the S6NG orbit candidates.

-> Review post-EPS orbit optimization
assessment outcomes (about 20 orbits e

(km) (deg) | (days) | cycle (days) Lw-'m E’:‘:‘)ﬂw mm r?'%‘) :ﬂ::;ﬂ el
pre-selected). )
-  One important criterion for selecting e e L e L S e LA e e
. . . . [AB35_175_c19 | 635610 75 9 8860551 | NoK1 5y yes T 13525 | 14+119
S6NG potential orbit solutions is that e e L e L = s
they differ enough to quantify the tda atra < e
uncertainties of offset, POD, e N L

environmental corrections and ocean s i I o U o S T o A R T

AB22_i68_c15 822474 68 15 14.858551 K1 8 years yes 1 105.04 14+115

variability in different conditions : this - o

wi" provide the Iower and upper N AM04_i76.c16 | 1104802 |76 |16 | 15.895629 | Ki<2epy | - o 3 1523 | 13+5/16
=g o when relaxing | o er.c0 | szsses |67 |9 8915522 | Kis2cpy | - o 7 = e
bounds of MSL trend uncertainties. alarara:

A926_i67_c13 926.436 67 13 12.878103 | Ki>2cpy | - no 4 105.64 | 13+10/13
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;f; Assess POD uncertainties
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=> Characterise the impact of o
geocenter motion model for the
reference (e.g. S6) and higher
inclination orbits (e.g. S3)

- Generate POD solution using | ot M g M emeens L aiterences |l et M N
different geocenter motion model * alte;r:illt‘i‘\?g:OD H al;:igﬁgifascsk?A H P S re:gjé;gﬁ: : ur;’cuzr;itr;ty
(from ITRF2024).

-> Analyse the impact of POD
techniques and networks (GNSS,

DORIS, laser-ranging stations) have SR —

in the POD uncertainty gravity field

geocenter motion ¢ T T T LT T
) ) networks/techniques g
=> Contribution from CNES (A. reference frame
Couhert)

Cnes from L. Rinchiuso (CLS)

) (em)
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Assess the impact of tide
observability for the
different orbit
configurations.

Assess the impact of trend
uncertainties in the ocean
tides, dynamical
atmospheric corrections,
and the dry tropospheric
correction for the different
orbit configurations.

Assess the impact of
coastal MSL and MSS error
for the different orbit
configurations




Assess environmental correction uncert

Assess the impact of tide
observability for the
different orbit
configurations.

Assess the impact of trend
uncertainties in the ocean
tides, dynamical
atmospheric corrections,
and the dry tropospheric
correction for the different
orbit configurations.

Assess the impact of
coastal MSL and MSS error
for the different orbit
configurations
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Scenario 3

reference orbit

|

Uncertainties on tide amplitude
phase for the main waves




Assess environmental correction uncert (=) =
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-> Assess the impact of tide
observability for the ; )| =

relerenceortt | | | | | unceratines

different orbit
configurations.

-> Assess the impact of trend Uncertainties on tide amplitude Uy U,
uncertainties in the ocean phase for the main waves ~_

tides, dynamical

i i > > EEREeL
atmozpherlc CorreCt}_I]on,S’ Calculation of the ocean tide Ze =N ::"E 'J
andt © dry troposp eric trend uncertainties from an T8 58 F da k :
correction for the different analytical formulation for @'8 i.)'g ‘ Tt
orbit configurations. several orbit solutions 5o B

S & v o o=

-> Assess the impact of
coastal MSL and MSS error
for the different orbit
configurations
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Assess environmental correction uncert

.............
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-> Assess the impact of tide
observability for the

reference orbit

different orbit
configurations.

-> Assess the impact of trend Uncertainties on tide amplitude Uy U,
uncertainties in the ocean phase for the main waves ~_

tides, dynamical

atmospheric CorreCtlon,S’ Calculation of the ocean tide R 3 o|SH SRS |

and the dry tropospheric trend uncertainties from an 5 - T 3! ': 3§ R

correction for the different analytical formulation for @'; g)' 5 . : .. : j |

orbit configurations. several orbit solutions 5o B
@) @) L

-  Assess the impact of /
coastal MSL and MSS error Assessment of the uncertainties a
for the different orbit estimates by comparison with

ocean tide error realisation due

configurations
9 to orbit change

ertainty (1-sigma) (mmiyr)

riod length (yr)

bit change unce




Assess the impact of along-track sampling due to oceanic
variability on global and regional trends and accelerations for
the different orbit configurations using oceanic model.

Quantify the contribution of the Arctic Ocean on GMSL trends
and acceleration over periods from 1 year to 10 years based
on the sampling of state-of-the-art real data.

Orbit Generation of data from an oceanic model interpolated at
1Hz along-track measurement to MSL time series

Analyses of MSL time series differences

Calculation of average MSL B -
OGCM Model —> grids (1x3 degrees) for each MSL time series from
month model

Reference mission : Orbit T/P, Synthetic MSL time
Jason, S6 From L2P products —>  series for reference

v

Differences between

Uncertainty due to
observability effects

»

model and synthetic MSL

time series

missions
v
Ly Bilinear interpolation in time
and space
gl Syv_ﬂhetic MSL time
Reference missions at ~800 km : ‘ From orbit generation | | l >  series for
Orbit 1,2,...n ‘ tools (WP1.1) [ missions at ~800 km
L Calculation of average MSL
grids (1x3 degrees) for each —
cycle and the global mean
Synthetic MSL time
No-reference missions L L, series for non reference
Crysosat-2, Cristal, Sentinet-3 | > | om L2P products missions

o Uncertainty due to
" observability effects|

Uncertainty due to
observability effects
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Assessement of uncertainty budget

Aasessmental
Sy ot o
o
s method (defdin
seLsy

-> Assess the effect of the orbit choice on the MSL offset o — | = || »l | ==
uncertainties at global and regional scales == (= !

= {

-> Use of an ocean model to calculate the MSL offset y
uncertainties :

Orbit Generation of data from an oceanic model interpolated at Calculation of MSL offset uncertainties based on ASELSU work
1Hz along-track measurement to MSL time series (direct method, crossover method)

Refe’enceJ :‘S'zf‘mge R From L2P products OGCM (OCCIPUT) Uncertainties for

—>»  Scenario 1
i ref /ref
Bilinear interpolation in time Calizaletian oL i
> uncertainties at regional ———
and space
T —— scales and global mean Uheareliies (@
Reference missions at ~800 km : From orbit generation | | l T >  Scenario 2
Orbit 1,2,...n tools (WP1.1) ref /ref ~800 km
Calculation of average MSL Calculation of MSL time series|
grids (1x3 degrees) for each —»{ differences at regional scales
cycle and the global mean and global mean

Uncertainties for
No-reference missions : 4T— —>  Scenario 3
. —>»  From L2P products —

Crysosat-2, Cristal, Sentinel-3 Modelisation of error Eoliefiuolie]
measurements to be added in
MSL time series differences
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¢ Assessement of uncertainty budget

@ Assess MSL offset uncertainties

E T"*"::;a;u
::i;r: P | andorm sty = ==
-> Assess the effect of the orbit choice on the MSL offset lJ ‘ || =
uncertainties at global and regional scales =

\29 a \zé[ l

-=> Use of an ocean model to calculate the MSL offset
uncertainties :

J3-S6A comparison
= 3°*1° cell grid - REGIONAL

Tandem phase :
Orbit Generation of data from an oceanic model interpolated at Calculation of MSL offset uncertainties based on ASELSU work 30 _ ‘N\ Along track differences
1Hz along-track measurement to MSL time series (direct method, crossover method) 3 Outside tandem phase :
Along track differences
—~
E 25 1 N i
Reference mission : Orbit T/P, 8 \\
- ’ From L2P products OGCM (OCCIPUT) Uncertainties for ~ Ay
Jason, S6 5 ~
- —>  Scenario 1 > 20 1 K 1 1 ~o 1
i ref /ref "5 M S~o J3-S6A
o— ~ N - y
Bilinear interpolation in time Cellaliiian @il @izt 8 15 w — — 1 1 779 S3A-S6A
> B uncertainties at regional ——— t: e
and space [ N
scales and global mean Ue=ieiiies G o =
Reference missions at ~800 km : From orbit generation | | l T —>»  Scenario 2 [=] ErIS= =L
Orbit1,2,..n > tools (WP1.1) ot a0k S10+———r—— 17— 7T "t===o
Calculation of average MSL Calculation of MSL time series| —
grids (1x3 degrees) for each —»{ differences at regional scales
cycle and the global mean and global mean 5 T
Uncertainties for ‘.'...’. oo
No-reference missions : Fratn LoP products. | — T R 3 Scefn/ario 3 £
Crysosat-2, Cristal, Sentinel-3 P Modelisation of error NoTervinote 0 T T T T T
measurements to be added in 0 5 10 15 20 25 30

MSL time series differences

Number of 10-day cycles

Outcome of ASELSU project : offset
uncertainty is dependent of the choice of
the orbit outside a tandem phase




@ Quantify the mean sea level trend uncer

=> Update mean sea level uncertainty budget (noted SLR-SUB)
from outcomes of previous tasks
& for the different orbit scenarios
€ at both global and regional scales

-  Quantify the impact :
€ onthe mean sea level trend uncertainties
€ ocean heat uptake uncertainties

(o}
> ‘ Q@o
SLR-SUB for reference -
missions

Calculation of MSL f \e®
uncertainties in frends and \\Q‘\z
accelerations

Analyze MSL uncertainty
! o/ differences between each
"| scenario and generation of
explicit mefrics

SLR-SUB for reference |
missions at ~800 km

\ 4

.............

reference orbit

SLR-SUB for non
reference missions

Contribution
from Eumetsat

<

ELMETSAT

/Explicit metrics  will D

defined in order to
answer simple questions.

For example, how many

additional years are
needed with scenario 2
(green) to reach the

same level of stability as

with scenario 1 (blue)?

"

/
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-> Use of non-reference missions to assess the sea level - = sz,
uncertainty budget == B ==
Compare sea level trend and acceleration Em2 || e ||
Analyse the closure of the sea level budget VA — 7N

global mean sea level (mm)

1001

50

Conduct energy budget closure analysis

Contribution from Eumetsat é

L R & X 4

EUMETSAT

ERS-1 ERS-2 Envisat CryoSat-2 SARAL
GFO Sentinel-3A  Sentinel-3B SWOT nadir

Average trend: 3.44 + 0.24 mm/yr O B NRWNT \ \I / / z y

Acceleratlon 0 072 £ 0.026 mm/yr? :

-rerere e missions =
. Corrected for GIA W © EUMETSAT
> 2 Seasonal signal removed trend of sea level anomaly (mm/year)
S © EUMETSAT
1995 1954 7996 1958 2000 2005 2004 3008 PO0B 2010 2013 2014 S018 POTE 2020 2055 2024 m

R. Scharroo, 30 YPRA symposium 2024, LPS 2025)
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&, Coordinate with the wide altimetry com

Coordinate with the wide altimetry
community, gathering outcomes from
other relevant studies that might be
running in parallel to this study,
relevant to the tasks performed in this
study (D. Stammer & B. Meyssignac)

Prepare a community-wide White
Paper to report on the study outcomes
and overall community
recommendations.

.............

envionmental
mmmmm
uncertantes.

= >

uuuuuuuuuuuuuuuuuuu
(pertormed i
'ASELSU)

Proposed Workshop Series

To address this complex issue, we propose organizing a series of workshops focusing on evaluating the
necessity of maintaining high-precision nadir altimeter missions on the historical TOPEX/JASON/S6 orbit
beyond 2036. These discussions will inform decisions for the design and implementation of the SBNG mission
and the broader altimetric topography constellation.

Scientificinput is essential to assess the opportunities and risks of transitioning S6NG to an alternative orbit. To
gather comprehensive feedback, we propose two key events:

1. Scoping Meeting (November 2025 at JPL):
A small, focused hybrid meeting (approx. 25 participants) to agree on the need for such a discussion, to
define the scope and objectives of a larger in person workshop, identify its key questions, and identify
topics that need to be prepared ahead of time through targeted analyses.

2. In-Person Workshop (Autumn 2026):
A collaborative meeting to present the results of targeted studies and use results to assess the implications
of orbit changes. All this will be used to develop a joint scientific feedback by the altimetric community
regarding the S6NG orbit.
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The ORBITAS study aims at quantifying the
impact of the potential S6NG orbit change on the
sea level stability uncertainty budget with regards
to the sea level stability requirements.

Main challenges identified are:

€ Characterise the uncertainties of POD and
environmental corrections for the different
scenarios

€ Quantify the impact of known unknown (and
unknown unknown) effects/errors

€ Design a cal/val network to assess sea level

stability and uncertainties

Interaction with the altimetry community and
synergy with other projects needed

Outcomes of this project will be also useful for the
ASELSU project which aims at improving the
SLR-SUB for S6 and S6NG.

Uncertainty estimates
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Instrument / system

Current uncertainty
propagation
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Interactive uncertainty propagation diagram:
https://www.aselsu.org/diagrams/uncertainty-pro

pagation-diagram
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