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Motivation: GOCE mission

10 years ago
- launch

» GOCE HPF reprocessing campaign of entire GOCE mission
data set

reprocessed L1B gravity gradients: improved calibration of
input data [6, 7]

» reduction of systematic effects in input data [1, 5]

» advanced processing algorithms: stochastic modeling and
suspicious data handling [5]

improved global gravity field model EGM_TIM_RLO6

9 years ago - EGM_TI =
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EGM_TIM GOCE gravity field models _ Ee
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Gravity field models determined with the time-wise approach: solely based on GOCE observations!
kinematic satellite orbits geolocated gravity gradients (GRF) gradiometer orientation

+orbit error information + advanced gradient error model

HIIIIII

high dimensional joint least squares estimation

A global mode of the Earth’s gravity field (spherical harmonics) + its uncertainty

bmax +1 ¢
V(r,0,\) = GM ( ) Z (Cim €08 (M) + Sy sin (mA)) Py, (cos8), X d{cim, sim} (1)
m=0

a
=0
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EGM_TIM GOCE gravity field models

" | I -
UNIVERSITAT ERIV *®- 188

Gravity field models determined with the time-wise approach: solely based on GOCE observations!
kinematic satellite orbits geolocated gravity gradients (GRF) gradiometer orientation

The new solution: EGM_TIM_RLO6 computed from

+orbit error inform» GPS tracking observations (SST)
» reprocessed gravity gradients (SGG)
» regularizing prior information (REG)

V(r,0,\) =

Im: l
G 7‘{[ max 141
( ) ZO Cim, COS (m)\) + Sim sin (m)\)) le (C()Se) E {Clm7 Slm} (1

a
=0
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Normal equations from GPS tracking

High-Low SST: Normal equations assembled by IfG @ TU Graz

long wave-length gravity field from kinematic orbits
short arc integral equation approach (as for GRACE, GOCE
standards applied)
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» reduction of systematic
effects (magnetic equator)
= poster B-174 (Fr 12:20):
Arnold et al. 'Reprocessing of
GOCE Precise Science Orbits’

» compared to RLO5: small
improvements lower
degrees

GOCE TIM RLO6
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Geoid w.r.t. ITSG-Grace2018s (m) at d/o 150, 300 km Gaussian Filter applied
GO_EGM_TIM_RLO5_SST GO_EGM_TIM_RLO6_SST

[ I - > [ I " >
-0.03 -0.02 —0‘.01 0.60 0.61 0.62 0.63 m ) -0.03 -0.02 70‘.01 0.60 0.61 0.62 0.2)3 m y
RMS: 4.1mm, RANGE: +£2.6 cm RMS: 2.5 mm, RANGE: +1.0cm
= systematic error around magnetic equator reduced: extend and magnitude halved! J
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Gravity gradient processing e e ¢

Used gravity gradient data: partioned into gapless and equidistant segments

-

| | |
01-Jul-2009 01-Jan-2010 01-Jul-2010 01- ]m 2011 01- Jul 201 01- ]m 2012 01-Jul-2012 01-Jan-2013 01-Jul-2013 01-Jan-2014

| |
[
[
[
available epochs: 114.8 x 10°, epochs used 110.4 x 106 -
the red (shifted down): the 38 segments not used, 4.4 x 10° -
the colored (shifted up): 17 short usable segments less then a week

the others: 32 used segments longer then a week 6
= gravity gradients are highly correlated in time

vyvyYyy
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Gravity gradient processing

UNIVERSITATERIIYI "

Used gravity gradient data: partioned into gapless and equidistant segments

-

| | |
01-Jul-2009 01-Jan-2010 01-Jul-2 01-Jan-201 01-Jul-201 01-Jan-2012 -Jul-201 01-Jan-2013 01-Jul-2013 01-Jan-2014

| ]
[ ]
[ ]
[ ]

» available epochs: 114.8 x 10°, epochs used 110.4 x 106 -

» the red (shifted down): the 38 segments not used, 4.4 x 10°

. ]

» the colored (shifted up): 17 short usable segments less then a week

» the others: 32 used segments longer then a week ﬂ
= gravity gradients are highly correlated in time

Data-adaptive correlation modeling and detection of suspicious data along the orbit for
» each of the segments and each gravity gradient component (Vx x, Vxz, Vyy and V)

compared to RLO5: improved processing — robustification & suspicious data identification [2, 5]
= suspicious data identified by series of hypothesis tests (not used for decorrelation filter & analysis)
= improved L1B input gradients
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Decorrelation filters
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With robustified estimation: stable filters from longer segments possible RLO5 vs RLO6
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Decorrelation filters
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With robustified estimation: stable filters from longer segments possible RLO5 vs RLO6
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Gradient only solution vs. XGM2016
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#obs Vy x 108.3 x 108, Vyx 108.6 x 10°, V3-y 109.8 x 108, Vi, 109.7 x 10¢
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Combined solution EGM_TIM_RLO6 UN.VERS.TATE.!m. tt

Combination of all normal equations, weights by variance component estimation (VCE)

>
>
>
>

SGG normal equations: of all segments and components (weights in [0.92, 1.13])

SST normal equation: weight 1.00

REG high degrees: diagonal Kaula for degrees > 200, weight 0.78

REG polar gaps: normal equations for zero gravity anomalies for degrees 11 to 300, 0.5°
» south pole from —83°: o ~ 20 mGal from VCE
» north pole from +83°: ¢ ~ 9 mGal from VCE
» RLOS5: extra Kaula for near zonals

v

two full iterations for SGG decorrelation filter estimation
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Combined solution EGM_TIM_RLO6 UN.VERS.TATE.!m. tt

Combination of all normal equations, weights by variance component estimation (VCE)

SGG normal equations: of all segments and components (weights in [0.92, 1.13])

SST normal equation: weight 1.00

REG high degrees: diagonal Kaula for degrees > 200, weight 0.78

REG polar gaps: normal equations for zero gravity anomalies for degrees 11 to 300, 0.5°
» south pole from —83°: o ~ 20 mGal from VCE
» north pole from +83°: ¢ ~ 9 mGal from VCE
» RLOS5: extra Kaula for near zonals

vvyYVyy

» two full iterations for SGG decorrelation filter estimation

Computational challenging

requires assembly & solution of a dense overdetermined system of equations with 440 000 000
correlated equations with 90 000 unknowns
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EGM_TIM_RLO6 compared to XGM2016
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EGM_TIM_RLO6 compared to XGM2016
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EGM_TIM_RLO6 compared to XGM2016
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Improvements for entire spectrum, RLO5 errors in XGM2016 visible (XGM includes EGM_TIM_RLO5) J
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Geoid compared to EGM2008 @ d/o 200
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Geoid compared to EGM2008 @ d/o 200
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Geoid compared to XGM2016 @ d/o 200
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Geoid compared to XGM2016 @ d/o 200
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& Geoid compared to XGM2016 @ d/o 200 v
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Although XGM2016 includes RLO5, RLO6 is more consistent!
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Summary and Conclusions
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Conclusions

» EGM_TIM_RLOG: improved global gravity field
model purely based on GOCE

» use of reprocessed L1B gravity gradients and
advanced decorrelation filter estimation

» improvements are threefold
v global reduction of errors in range of 15 % to 25 %
v'reduction of systematic errors at centimeter level
v improved/more realistic covariance matrix

» official ESA GOCE HPF GOCE-only model: accuracy
level at .0cm to 1.7 cm @ 100 km
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Summary and Conclusions
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Conclusions

» EGM_TIM_RLOG: improved global gravity field
model purely based on GOCE

» use of reprocessed L1B gravity gradients and
advanced decorrelation filter estimation

» improvements are threefold
v global reduction of errors in range of 15 % to 25 %
v'reduction of systematic errors at centimeter level
v improved/more realistic covariance matrix

» official ESA GOCE HPF GOCE-only model: accuracy
level at .0cm to 1.7 cm @ 100 km

Outlook

» model & covariance will be available end of May
(ESA/ICGEM)
» unconstraint versions (SST-/SGG-only) on request
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Conclusions
» EGM_TIM_RLOG: improved global gravity field WWW~GGEO-GU J.
modefl purely baSZdLj)Bn GOC.E g g GOCO006S: Combined satellite-only model [3] 4
» use of reprocesse ravity gradients an
advancegdecorreIationgﬁlteryegstimation > GOCE: EGM_TIM_RLO6 u
» improvements are threefold > GRACE: ITSG-Grace2018s [4]
» HL-SST: CHAMP, SWARM, TerraSAR-X,... "
v global reduction of errors in range of 15 % to 25 % » SLR: LAGEOS1/2, Ajisai, Stella, Starlette, n
v'reduction of systematic errors at centimeter level LARES, LARETS, Etalon1/2, BLITS -
v'improved/more realistic covariance matrix -
? oL —GOCO0GS
» official ESA GOCE HPF GOCE-only model: accuracy ol e i
level at 1.0cm to 1.7cm @ 100 km :
Outlook V
» model & covariance will be available end of May “
(ESA/ICGEM) g ‘ ; ‘ ‘ ‘ |
» unconstraint versions (SST—/SGG-OnIy) on request v 10 0 50 \1‘:1);“‘””1 h’"\‘?:()m“ (hw(fnln 250 300
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Conclusions
» EGM_TIM_RLOG: improved global gravity field WWW~GGEO-GU J.
modefl purely basildLj)Bn GOC.E g g GOCO006S: Combined satellite-only model [3] 4
» use of reprocesse ravity gradients an
advancegdecorreIationgﬁlteryegstimation > GOCE: EGM_TIM_RLO6 L
» improvements are threefold > GRACE: ITSG-Grace2018s [4]
» HL-SST: CHAMP, SWARM, TerraSAR-X,... "
v global reduction of errors in range of 15 % to 25 % » SLR: LAGEOS1/2, Ajisai, Stella, Starlette, n
v'reduction of systematic errors at centimeter level LARES, LARETS, Etalon1/2, BLITS -
v'improved/more realistic covariance matrix _
i\/ ——GOCO06S
» official ESA GOCE HPF GOCE-only model: accuracy 2 S
level at 1.0cm to 1.7cm @ 100 km :
Outlook

» model & covariance will be available end of May

(ESA/ICGEM)  The authors would like to thank ESA for the financial support via
> unconstraint ver: the GOCE HPF project (main contract No. 18308/04/NL/MM). J 2 o
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