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Orbital determination for altimetry

CNES: ZOOM software Orbit

Objective: Achieve an
orbital radial error of

less than 0.1 mm/year
over 10 years at the

regional scale.
[1] Meyssignac et al. 2023
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Precise Orbite Determination

Real orbit is perturbed
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Albedo and emissivity
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Fig. 3 Variation of Earth Radiation Pressure
with Altitude (A /m =0.01, n_=0.1)

[2] KNOCKE et al. 1988
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Albedo and emissivity

Altitude altimetric satellite
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Temporal and spatial complexity of the two sources of Earth radiation

ERAS (reanalysis)- hourly data January 01, 2023
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Evolution of the Earth Pressure radiation modeling

Analytical or )
Mean model Model based on observations

semi-analytical models

Reflectivity and emissivity coefficients

Constant albedo = 0.3 and S Gl Iatitufje i Ei Incorporating Earth's radiative flux
emissivity = 0.7 (Knocke and Ries, 1988). measurements
[Lautman et al 1977] from space-based observations:

Issues: NASA CERES mission and ERAS reanalysis
* Excessive Approximation

* Lack of Temporal Variations Precision
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Evolution of the Earth Pressure radiation modeling

We begin with the framework of the model
defined by Knocke and Ries (1988),
incorporating observable data into it.

Analytical or i
Mean model Model based on observations

semi-analytical models

Reflectivity and emissivity coefficients

Constant albedo = 0.3 and S Gl Iatitufje i Ei Incorporating Earth's radiative flux
emissivity = 0.7 (Knocke and Ries, 1988). measurements
[Lautman et al 1977] from space-based observations:

Issues: NASA CERES mission and ERAS reanalysis
* Excessive Approximation

* Lack of Temporal Variations Precision
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Zoom implementation and cross-validation with external tool

External software developed
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Zoom implementation and cross-validation with external tool

External software developed
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Models shift in ZOOM
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Albedo Thermal radiation
Original model U\> cos(x) E;. cos(x)
Z00M Pal = Eal COS(IIJ) (E) CSOl dZTC Plr — T Csol d2
(Knocke et Ries : KR) n
. cos(x) cos(x)
Modification P, = Fy 2 P;. = F;, 7
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Results : models comparison

Acceleration due to albedo and IR pressure radiation
1e—9 Satellite Sent6A ephemeris with spherical shape
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External validation: with the University of Bonn

Personnal communication : Kristin Vielberg & Jirgen Kusche
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External validation: with the University of Bonn

Personnal communication :

Longwave

Kristin Vielberg & Jlirgen Kusche
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Altimetry satellites

CryoSat-2 Sentinel-6A

Operational Period April 8, 2010 - today November 21, 2020 - today

Inclinaison 92° 66°

Altitude 717 km 1336 km
Surface/masse 0.012 m?/kg 0.018 m?/kg

Draconitic period 16 months 4 months
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Impact of the new model on orbitography
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Orbit determination

Satellite parameters

Initial state vector

Measures

* DORIS

A

Dynamics models

Model : Force due to the Earth radiation :

e KR
* ERAS
* CERES

Model : Empirical forces

3 Ephemeris/satellite

Least-square optimisation

Altitude difference

18
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CryoSat-2

Ephemeris Difference between KR and ERA 5 [Cryosat]
9° by 9° cells centered at point (-53°, 80°)

—e— Points for Negative slopes
® Mean with Std.
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Radial error [mm]
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Time [Year]

FFT Spectrum

Amplitude
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CryoSat-2

Ephemeris Difference between KR and ERA 5 [Cryosat]
9° by 9° cells centered at point (-53°, 80°)

—*— Points for Negative slopes Draconitic effect difference g
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CryoSat-2

Ephemeris Difference between KR and ERA 5 [Cryosat]
9° by 9° cells centered at point (-53°, 80°)

—*— Points for Negative slopes Draconitic effect difference g
® Mean with Std. '
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Empirical forces Sentinel-6A
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Earth Energy

[3] Stephens et al. (2023)

Imbalance

Earth Energy Imbilance (EEl)=0.54 + 0.3
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Impact of the new model on orbitography Earth’s Radiative Budget
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Earth Energy Imbalance

Earth Energy Imb:ilance (EEl)=0.54 + 0.3
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Ajisai : Experimental Geodetic Satellite (EGS)

Operational Period : August 1986 i today'

* Orbite |  Satellite ’
Altitude : 1500 km Spherical
Nearly circular 318 miroirs _

Inclinaison ; 50° Diameter 2.15m

31 stations
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Preliminary results: annual correction of Earth fluxes

fT‘ — CFPIRA error (%) SW flux error (W/m2)
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Conclusion : Methodology

New model of the Earth's
radiation pressure based
on observations

Orbit determination

Improved force model on satellite
altimeter

. Empirical force

. f+ is not released

a:frcraptotur

Dynamic parameterisation

. [ is released

Earth’s Radiative Budget Conclusion
O o O e O

Scientific question

More accurate measurement of
sea levels

Better knowledge of the outgoing
flux of the Earth and therefore of
the Earth's energy balance
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Conclusion

This study has accomplished the following key outcomes during my internship:

1. Highlighting the need for enhanced Earth radiation pressure modeling : The study
confirm the necessity for an improved model in understanding Earth radiation pressure.

2. Refined model alignment with general objective : The newly developed model aligns
with the overarching goal of achieving a regional precision of 0.1 mm/year over a 10-year span.

3. Feasibility of laser-based flux recalibration : The study demonstrated the feasibility of
using laser technology to recalibrate flux measurements, offering promising avenues for

measurement refinement.

4. Emphasizing the call for further research and Ph.D. proposal
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