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Overview

The impact of the global gravity field models
on the orbit determination of LAGEQOS satellites

- LAGEOS sensitivity
(maximum degree and order of gravity field model),

- Comparison of different gravity field models,
- Orbit parameterization (empirical orbital elements),

- The differences between orbit based on different
gravity field models.
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LAGEOS 1 LAGEOS 2
ID number 7603901 9207002
Launch date May 4, 1976 Oct 22, 1992
Sponsor United States United States and I
RRA Diameter 60 cm 60 cm
Shape sphere sphere
Reflectors 426 corner cubes 426 corner cubesg
Weight: 406.965 kg 405.38 kg
Inclination: 109.9045 52.6745
Eccentricity: 0.0038618374 0.0136905893
Semi-major axis 12,274 km 12,158 km
Area to mass ratio 7.0 @Ry 7.0 cnmi/kg
Period: 225 minutes 223 minutes
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LAGEOS weekly solution

Estimated parameters:

» Station coordinates ~20 stations per week
» Osculating orbital elements
» Dynamic orbit paramete

(WC/WS, S0, SC/SW)

6 per week x 2 sagallit

» Earth rotation parameters

(X-Pole, Y-Pole, LOD) 1 x 3 per day

»Range biases (for the selected stations) ~2 X Hiszde

L4

5 per week x 2 satellite:

Bernese Software, v.5.1

~1 -0 parameters per week



Validation of gravity field models using LAGEOS

RMS of residuals of SLR observations to LAGEOS 1 and 2:

e Year 2008 — 139.000 observations,
« Standard solution: up to degree and order 70 afityr field model,
* Per week between 1932 and 3804 normal points.




ing LAGEOS

ld models us

year 2008

50

ity f

-50
Residuals of SLR observations to LAGEOS 2

Residuals of SLR observations to LAGEOS 1

Validation of grav

The impact of

the global

year 2008:

1

Y
o
7))

'
O
©
| -

o’

©
-
-
@)
| -

O

®
=
(=
o
2
(&5}
©
o
=

gravity field

lons residuals

observat

determination
of LAGEOS

satellites

Wroctaw

03.06.2011

K. Sosnica




RMS of the observations:
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The impact of EGM2008 RMS of Comparison of predicted and estimated orbits
the global up to degree| observation—g e T RMS radial RMS RMS
gravity field and order: | residuals | ron | prediction | along-track | out-of-plane
models o the [mm] [mm] prediction | prediction
orbit [mm] [mm]
determination 140 713 | -0.03] 297 398.0 199.2
of LAGEOS 70 7.13 -0.03 29.7 398.0 199.2
satellites 30 713 | -0.03 29.7 398.0 199.2
20 7.14 -0.04 29.7 399.2 199.6
Wroctaw
03.06.2011 16 7.16 -0.03 29.9 411.0 205.0
14 7.73 -0.05 31.0 448.8 222.4
K. Sosnica 12 18.19 0.19 41.6 1522.1 769.8
7 8 39.35 1.95 142.2 2485.7 1634.1




LAGEOS -1 and -2 sensitivity
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LAGEDS 1

Slm <-- Ordar --= Clm

LAGEDS 2

Slm <-- Order --= Clm

Max. degree and
order of gravity
field model

Number of reproduced digits
without leading to zeros w.r.t.
EGM2008 based on data

colected over twelve months.

References: Andrea Maier,
Austrian Academy of Sciences




alidation of gravity field models using LAGEOS

Gravity field model Year M ax. Drift Ground
degree data

JGM3 1994 70

EGM96 1996 360

EIGEN-GL04C 2006 360 4

EGM 2008 2008 2190

EIGENS51C 2010 359 4

ITG-GRACE2010 2010 180

AlUB-CHAMPO3S 2010 100

AlUB-GRACEO03S 2011 160 20

GO-CONS-2-DIR-R2 2011 240

GOCO002s 2011 250

GOCE - SST - only - 120




RMS of orbit fit for different models

BMS of the observations:
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Gravity field model RM S of Comparison of estimated and predicted orbits
observation " eropb] | RMS RMS RMS
residuals :
[mm] raqlla_l along_—tr_ack out-of_-p!ane
prediction prediction prediction

[mm] [mm] [mm]

EGM 96 8.29 -0.06 29.8 400.4 199.8
JGM3 1.42 -0.05 29.7 398.6 199.1
ITG-GRACE2010S 7.32 -0.03 29.9 396.8 198.6
AlIUB-CHAMPO3S 1.22 -0.04 290.7 398.0 199.2
GOCE SST-only 7.21 -0.04 29.7 397.9 199.1
GOCO002s 7.20 -0.04 29.6 397.5 198.8
I TG-GRACE10 mod 7.18 -0.04 29.7 398.0 199.2
EIGEN-GL04C 7.17 -0.04 290.7 397.6 198.9
EIGENS1C 7.16 -0.04 290.7 397.9 199.2
AIUB-GRACEQ3S 7.15 -0.04 290.7 397.8 198.9
GO-CONS-2-DIR-R2 7.14 -0.04 29.5 398.2 199.0
EGM 2008 7.13 -0.03 29.7 398.0 199.2




Predicted vs. estimated orbits

Comparison between predicted and estimated orbits (day 138)
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Low gravity field coefficients

The impact of low gravity field coefficients on LAGEOS solution
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“0)-EGM1996 d/o 5, Mean: 38.33 mm r
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» Low gravity field coefficients are estimated beitethe SLR-based model
(EGMO96, see orbit predictions)

» Coefficients 9-20... are estimated better in GRACEdsamodels
(eg. EGM2008, AIUB-GRACEOQ03S, see RMS of the redislua
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Orbit parameterization
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Empirical orbit parameters




Orbit parameterization
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LAGEOS 1: Orbit perameters - WC:
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Orbit parameterization
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Orbit parameterization

RMS of the observations; RMS of the observations:
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WS/WC parameters




Orbit parameterization
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Gravity field model RM S of Comparison of estimated and predicted orbits
observalio T seale RMS RMS RMS
resduals | PP p: 23 iiglio il)?gc? |ct:tr i?)%k 0;: _e?jfi_c?:ige

[mm] n [mm] [mm] [mm]

EGM96 14.33 -0.10 32.7 413.1 319.6
JGM3 13.28 -0.08 32.3 408.9 304.7
| TG-GRACE2010S 15.05 -0.07 33.8 415.0 353.7
AlUB-CHAMPO3S 10.51 -0.07 33.8 415.0 353.7
GOCE SST-only 10.52 -0.03 30.1 394.5 231.6
GOCO002S 15.55 -0.09 34.0 419.0 369.7
| TG-GRACE10 mod 15.01 -0.09 33.6 416.5 354.4
EIGEN-GL04C 12.56 -0.06 32.0 405.7 388.6
EIGEN51C 16.19 -0.09 344 422.3 388.6
AlUB-GRACEOQ3S 30.74 -0.21 52.8 572.8 1011.2
GO-CONS-2-DIR-R2 16.20 -0.09 344 422.3 388.6
EGM 2008 13.40 -0.07 32.6 409.1 3125

RMS of the residuals without estimating

WS/WC parameters
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Without estimation of
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With estimation of

L ageos solution WSWC

Parametershighly
With estimation of C20 correlated

Without estimation of A very good a priori
C20 value of C20 needed

C20and empirical orbit parameter




Orbit comparison
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Gravity field model EIGEN EGM EIGEN I TG- GOCE AlUB- AlUB- I TG-
-GL04C 2008 51C GRACE SST CHAMP | GRACE GRACE
2010S 03S 03S 10 mod
JGM3 8.5 11.2 7.6 15.6 6.7 6.6 8.8 7.6
EIGEN-GL04C 14.3 6.2 5.9
EGM2008 5.6 15.3 9.8 9.5
EIGEN51C 14.1
ITG-GRACE2010S 14.7 14.6 14.5 14.1
GOCE SST 6.6 5.8
AlUB-CHAMPO03S 6.4 55

AIUB-GRACEOQ3S

Orbit comparison

(RMS of comparison of estimated orbits in [m




Summary

- The LAGEOS satellites are sensitive up to degree 20 of
underlying gravity field model,

—->The smallest RMS of fit to the SLR data to LAGEOS-1 and
LAGEQOS-2 is observed for EGM2008, GO-CONS-2-DIR-R2 and
AlIUB-GRACEO3S when estimating once-per-rev cross-track
accelerations,

—->Orbits based on JGM3 differ most w.r.t. orbits based on other
models. The similar effect is observed for ITG-GRACE2010S,
when coefficients of degree one are not set to zero,

—~>The largest RMS of fit to the SLR data from LAGEOS-1 and -2
IS obtained for AIUB-GRACEO3S without estimating once-per-
rev cross-track accelerations,

- Some of the lowest gravity field coefficients seem to be
estimated better in SLR-based models.
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