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Correctly modelling the measurement noise is crucial for
recovering high quality gravity fields:

- AIUB_op («op»): piecewise-constant accelerations (PCA)
- AIUB_emp («emp»): empirical noise model based on post-fit residuals

- AIUB _theor ( ): theoretical noise models for GRACE [Kim, 2000]
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Introduction

Correctly modelling the measurement noise is crucial for
recovering high quality gravity fields:

- AIUB_op («op»): piecewise-constant accelerations (PCA)

- AIUB_emp («emp»): empirical noise model based on post-fit residuals

- AIUB _theor ( ): theoretical noise models for GRACE [Kim, 2000]
Celestial Mechnaics Approach (CMA) with
Gravity field Internal AIUB static GRACE field
Astromomic bodies JPL DE421 (all planets + Pluto)
Mean pole Linear
Solid Earth tides, Solid Earth pole tides, Relativistic effects IERS2010
Ocean tides FES2014b (+ admittances from ITSG)
Ocean pole tides Desai
Atmospheric tides, Atmospheric & oeanic dealiasing AOD RLO6
Non-conservative forces Accelerometer L1b (from ITSG)
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Noise models - piecewise-constant accelerations

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model:

« KBRR white noise 0.3 um/s

* 15 min PCA per satellite in
> radial 2X(96)
> along track  2x(96)
> Cross-track  2x(96)

parameters per arc 576

in daily arcs (30 days):

* 18000 parameter,

* 17280 for the noise model
* + gravity field
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Noise models - piecewise-constant accelerations

basic parametrisation: «Op»

 |nitial conditions 2X(6) PCA SUM

| orbit transformation (described in Beutler et al. 2010):

instead of estimating parameters for GF1 & GF2

oise models for GRACE Follow-On

| Assembly 2021, 30 April, 2021

of empirical n

nics Approach, EGU Genera

nd transform orbit parameters to:

GF1+GF?2
2

— SUM: referring to the mean point in space between GF1 & GF2 (driven by GPS)

GF1-GF2

> — DIFF: referring to the difference between GF1 & GF2 (driven by K-band)

r, U. Meyer, D. Arnold, A. Jaggi: Comparison

ed with the Celestial Mecha

Lasse

in wrlj—wrve—tmm] vl-
* 18000 parameter,
17280 for the noise model

e + gravity field

M.
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PCA - performance

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model:
« KBRR white noise 0.3 um/s
* 15 min PCA per satellite in

> radial 2X(96)
> along track  2x(96)
> Cross-track  2x(96)
parameters per arc 576

in daily arcs (30 days):

* 18000 parameter,

* 17280 for the noise model
* + gravity field
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PCA

conclusions

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model:

« KBRR white noise 0.3 um/s

* 15 min PCA per satellite in
> radial 2X(96)
> along track  2x(96)
> Cross-track  2x(96)

parameters per arc 576

in daily arcs (30 days):

* 18000 parameter,

» 17280 for the noise model
* + gravity field
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«classical» Celestial Mechanics Approach

no iterations required
published at ICGEM

TCGEM

ICGEM Home PeriOds

Gravity Field Models

The following gravity field time series are presently available:

Static Models

Gravity Field Solutions for dedicated Time

VVVVVVV

Temporal Models GRACE and Grace-FO solutions from the Science Data System centers CSR, GFZ and JPL
Topographic Gravity N E F 3
Field Models CSR Center for Space Research at University of Texas, Austin
- GFZ Helmholtz Centre Potsdam German Research Centre for Geosciences
Calculation Service GFZ Release 05 monthly weekly GFZ GRACE Level-2 Pre ing, Revised Edition, January 2013
GFZ GRACE Level-2 Pre ing Standards Document for Level-2 Products, Rev.
Regular grids GFZ Release 06 DOl monthly 1.0, October 26, 2018
e GFZ Release 06 (GFO) DOI  monthly .F.Z ﬁ:{é\CIE Le;e{—z Processing Standards Document for Level-2 Products, Rev.
- 3PL Jet Propulsion Laboratory
3D Visualisation
Static Models The p to g the GRACE Level-2 produ t of CSR, GFZ and JPL
are a.I ailable in the Document Section of the GRACE archives at GFZ ISDC or JPL PO.DAAC

Temporal Models

Trend & Amplitude COST-G (International Combination Service for Time-variable Gravity Field)
Spherical Harmonics

Evaluation
Spectral domaig + AIUB
AIUB-GRACE-FO_o|

AlUB-RLO2

GNSS Leveling

CE onthly solutions Rel \easezlcmAlUB

Documentation
FAQ

re
Centre national d'études spatiales

nal GRACE F IIawO onthly gray [yﬁld Iul 1s from Al
Ilml canbi ind

extension of parameter space demands higher memory

and CPU capacity (inversion)

constraints need to be determined (manually, VCE)

| «OpP» |
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Noise models - from post-fit residuals

basic parametrisation: «emp»
* initial conditions 2X(6)
e accelerometer bia_s 2X(3) 102 empirical
* accelermeter scaling 2x(3) _ 10 model applied
107 il for 3 hours
parameters per arc 24 4 10| |—keR system mode
=l ——ACC highsens. | __—
noise model: T e e
e empirical covariances T X e R

Period [min]

based on post-fit residuals
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> . . . G 8| :post-sfitsrtziiqdrtfqa;se i ° -
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* 720 parameters N
. + gravity field empirical parameters perarc 576
model applied
for 3 hours
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Empirical covariances

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model:
e empirical covariances
based on post-fit residuals

no additional parameters
> requires iterative procedure
> assumption of stationarity

in daily arcs (30 days):
* 720 parameters
* + gravity field
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Empirical covariances

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model:
e empirical covariances
based on post-fit residuals

no additional parameters
> requires iterative procedure
> assumption of stationarity

in daily arcs (30 days):
* 720 parameters
* + gravity field

Slide 11

0.1

-0.1

0.1

[m]
o

2020: day 32-60

T
—— radial —— along-track —— cross-track

| | 1
40 45 50

T
—— radial — along-track —— cross-track

[day of year]

‘ <<emp>> ‘

auto/cross-
correlation

— PKIN,GFl

———) P

KIN,GF2

——) P

stationary?

Kb

Astronomical Institute, University of Bern AIUB



M. Lasser, U. Meyer, D. Arnold, A. Jaggi: Comparison of empirical noise models for GRACE Follow-On

derived with the Celestial Mechanics Approach, EGU General Assembly 2021, 30 April, 2021

Empirical covariance function

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model:
e empirical covariances
based on post-fit residuals

no additional parameters
> requires iterative procedure
> assumption of stationarity

in daily arcs (30 days):
* 720 parameters
* + gravity field
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Empirical covariances - performance

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model:
e empirical covariances
based on post-fit residuals

no additional parameters
> requires iterative procedure
> assumption of stationarity

in daily arcs (30 days):
* 720 parameters
* + gravity field
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Empirical covariances - performance

2019-01

basic parametrisation: 102
* initial conditions 2X(6) Lol
* accelerometer bias  2x(3)

10°
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e
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e empirical covariances
based on post-fit residuals
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Empirical covariances - conclusions

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model:
e empirical covariances
based on post-fit residuals

no additional parameters
> requires iterative procedure
> assumption of stationarity

in daily arcs (30 days):
* 720 parameters
* + gravity field
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possible on any (stationary) residuals time series | «emp» |
additional parameters can be reduced as stationary

behaviour can be absorbed

formal errors become much more realistic and show

resonance orders (if correlation length > 3 h)

no constraints needed

no/few a priori knowledge needed

iterations required (might be time consuming)
memory consumption and inversion time dependent
on length of auto/cross-correlation
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Noise models - theoretical (pre-launch)

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias 2x(3) ACC noise (red noise):
 accelermeter scaling 2x(3) PSD: (1 + 0.005/f) x 10-2°m/s?
ACC noise (violet noise):
parameters per arc 24 1 pum range
noise model [Kim, 2000]: 102

* ACC high sensitivity axis
(1 + 0.005/f) x 10-2°m/s?

. . S: 10°
° KBR Whlte noise < ——post-fit residuals
1 um range ‘E* 1078 | {——KBR system model
; I° " 1070} | —appieamoder
(differentiation to KBRR) —0.1-18 mHz
-12 il I i | i |
0 10° 104 10° 102 10t 10° 10t

Period [min]

in daily arcs (30 days):
* 720 parameters
* + gravity field
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Noise models - theoretical (pre-launch)

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model [Kim, 2000]:

* ACC high sensitivity axis
(1 + 0.005/f) x 10-2°m/s?

* KBR white noise
1 um range
(differentiation to KBRR)

in daily arcs (30 days):
* 720 parameters
* + gravity field
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ACC noise (red noise):
PSD: (1 + 0.005/f) x 102°m/s?

ACC noise (violet noise):

1 um range
1072
41
_ 10 ['\
SN 1061 m""'u-]l |
% —— post-fit residuals
-8
"‘é 107" f |===KBR system model
— ——ACC high sens.
1010F applied model —
—0.1-18 mHz
10—12 - Il 1 1 1 Il
10° 104 10° 102 10t 10° 10t
Period [min]

e coloured noise ~stationary
e sum at least jointly stationary

> Wiener-Khinchin theorem to derive
auto-correlation from PSD
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Theoretical (pre-launch) - performance

basic parametrisation: 107 202501 ol TsG1901
* initial conditions 2X(6) ot — TSG- CSR
* accelerometer bias  2x(3) — 1TSG - AUB emp

—— ITSG - AIUB_theor

=
o
o

* accelermeter scaling 2x(3)

=
e
=

parameters per arc 24

formal errors

nOise mOdEI [K|m, 2000] too Opt|m|st|c
* ACC high sensitivity axis
(1 + 0.005/f) x 102°m/s?

« KBR white noise

geoid heights [m]
|—I
o

1 pm range 10°
(differentiation to KBRR) ° 20 dtogree ) *
RMS over the ocean (400 km Gauss) SOIUtiOn quallty
2F ‘ ‘ ‘ ‘ |—o—CéR—O—|'|"SG —a—‘op—a—(‘ﬂ_mp—t—‘theor‘? acceptable (I)
L5 . | / with room for

y improvement

[cm]

in daily arcs (30 days):
* 720 parameters 03¢
* + gravity field
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Theoretical (pre-launch) - conclusions

basic parametrisation:

* initial conditions 2X(6)
* accelerometer bias  2x(3)
* accelermeter scaling 2x(3)

parameters per arc 24

noise model [Kim, 2000]:

* ACC high sensitivity axis
(1 + 0.005/f) x 10-2°m/s?

* KBR white noise
1 um range
(differentiation to KBRR)

in daily arcs (30 days):
* 720 parameters
* + gravity field
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based on priori knowledge

additional parameters can be reduced

provides a good solution in case observations act
as a priori models state

no constraints needed

no iterations needed

requirements on memory and CPU low

might not reflect actual noise (e.g., without ACT from ITSG)
formal errors too optimistic
not all error sources included (e.g., backgorund models)

Astronomical Institute, University of Bern AIUB



References

M. Lasser, U. Meyer, D. Arnold, A. Jaggi: Comparison of empirical noise models for GRACE Follow-On

derived with the Celestial Mechanics Approach, EGU General Assembly 2021, 30 April, 2021

Beutler, G., Jaggi, A., Mervart, L. and Meyer, U. [2010]: The celestial mechanics approach: theoretical
foundations. Journal of Geodesy, vol. 84(10), pp. 605-624. https://dol.org/10.1007/s00190-010-0401-7

Kim, J. [2000]: Simulation Study of A Low-Low Satellite-to-Satellite Tracking Mission, PhD-Thesis, Center
for Space and Research, Texas, USA.
http://granite.phys.s.u-tokyo.ac.jp/ando/GRACE/Kim_dissertation.pdf

Lasser, M., Meyer, U., Arnold, D. and Jaggi, A. [2020]: AlUB-GRACE-FO-operational - Operational
GRACE Follow-On monthly gravity field solutions. hitps://doi.org/10.5880/ICGEM.2020.001

Mayer-Gurr, T., Behzadpur, S., Ellmer, M., Kvas, A., Klinger, B., Strasser, S. and Zehentner, N. [2018]:
ITSG-Grace2018 - Monthly, Daily and Static Gravity Field Solutions from GRACE.
https://doi.org/10.5880/ICGEM.2018.003

NASA Jet Propulsion Laboratory (JPL) [2019]: GRACE-FO Monthly Geopotential Spherical Harmonics
CSR Release 6.0. hitps://doi.org/10.5067/GFL20-MC060

Slide 20 Astronomical Institute, University of Bern AIUB


https://doi.org/10.1007/s00190-010-0401-7
http://granite.phys.s.u-tokyo.ac.jp/ando/GRACE/Kim_dissertation.pdf
https://doi.org/10.5880/ICGEM.2020.001
https://doi.org/10.5880/ICGEM.2018.003
https://doi.org/10.5067/GFL20-MC060

	Folie 1
	Folie 2
	Folie 3
	Folie 4
	Folie 5
	Folie 6
	Folie 7
	Folie 8
	Folie 9
	Folie 10
	Folie 11
	Folie 12
	Folie 13
	Folie 14
	Folie 15
	Folie 16
	Folie 17
	Folie 18
	Folie 19
	Folie 20

