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Satellite gravimetry with GRACE Follow-On
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US-German Satellites Show California Water Gains After
Record Winter
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October 2022 C — March 2023

all images ©JPL/NASA
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u GRACE Follow-On
Observation concept
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u GRACE Follow-On
Observation concept
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u Operational GRACE Follow-On Solution
Mosaic Jun 2018 — Aug 2023
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u Operational GRACE Follow-On Solution

Force models

Gravity field

Astronomic bodies

Mean pole

Solid Earth tides

Solid Earth pole tides

Ocean tides

Ocean pole tides

Atmospheric tides

Atmospheric & oeanic dealiasing

Relativistic effects

AIUB-GRACEOQSS static

JPL DE421 (all planets)

Linear

IERS2010

IERS2010

FES2014b (+ admittances from TUG)
Desai

AOD RLO6

AOD RLO6

IERS2010

Basic parametrisation

= initial conditions 2X[6]
= accelerometer bias  2x[3]
= accelerometer scaling 2x[3]

parameters per arc 24

Additional parameters

= 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 <orbit> parameters
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u Processing
Least-squares adjustment

1= f( X p0D > T,des,o--,XACﬁ‘* observations introduced like a model

models

unknown parameters (gravity field, orbit, acc)

vector of observations

N=(A"PA) and _b=A"PI ——»| X=N"b

/ \\ vector of observations

design matrix _ .
weight matrix

normal equations
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Operational GRACE Follow-On Solution

N=(A"PA)
b=A"PI
Jan.

2023 2022 2021 2020 2019 2018
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Operational GRACE Follow-On Solution

u
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u Least-squares adjustment

A A A _1
Least-squares e=I-AX X=N b
N=(A"PA)
b=A"PI @ 10
Xx=N"'b 'g 1076

A
N
=
o 10°°® - 3
g
d 400 km Gauss
!
S 1010 = KBRR residuals w/ PCAs (op) WH [cm
— 0.1—18 mHz _20 0 20

10° 10* 10° 10? 10! 10° 107!
period [min]

= information in the residuals = information in the parameters
(noise?)

(signal?)
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u Post-fit residuals

Least-squares e=1-AX

N=(A'"PA) The estimator is BLUE

b=ATP] 10-4 (best — linear — unbiased) if
v E(x)=x

Yo (%)

E(e|x)=E(e)=0
D(e|x, 05)=D(ll

108

range-rate ASD [ms™!/v/Hz]
=

[t

2
—
o

m—= KBRR residuals w/ PCAs (op)
—0.1-18 mHz

10° 10* 10° 167 16t 10° 101
X=N"'b unbiased

C&&:O?)(ATPA)_l biased
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u Post-fit residuals

[casisquares e=I—-AX (post-fit residuals)
N
N=(A"PA 1R PR
( ) cov(At,)==) e(t)e(t.+At,)
AT — 107* N
b=A Pl @ i=0
X=N"'b Tré 106 = stationarity assumed
. = piased estimation of auto-covariance
2 — covariance matrix nondegenerate
® -8
§ 10
&
g
= 107!? | == KBRR residuals w/ PCAs (op)
—0.1-18 mHz

10° 10* 10° 10? 10! 10° 107!
period [min]
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u Post-fit residuals

e=1-AX

cov(At,)=

1
N -

(post-fit residuals)

N
e(t;)e(t+At,)

=0

l

Least-squares multiples per
N:(AT P A) 0.1 revolution
b=A"PI 0.05 f * \
A — 0 2 N\ s e 2
X=N""b
-0.05
0 1000 2000 3000 4000
epoch Aty
N

block

Toeplitz

matrix L5k

3h
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- covariance matrix nondegenerate
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u Post-fit residuals
The estimated noise model

e=I1-AXx
1074 ] |

—_
i
©

range-rate ASD [ms™~!/v/Hz]
=

—t
<
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o

=== KBRR residuals w/ PCAs (op)
m— empirical model
——0.1-18 mHz

10° 104 103 102 10! 10° 107!
period [min]
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u Post-fit residuals
What we see

1/rev

— 107
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'§ 10-6 2 noise
A
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v 1078

E
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= === KBRR residuals w/ PCAs (op) b :
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geoid heights [m]

Results

Difference degree amplitudes

solution for Jan. 2019

102
m— signal CSR1901
10! = ATUB op
10°
10+ T ~

degree n

formal errors
too optimistic
compared to
the assessed
noise

Gravity field representation in spherical harmonics

unknown coefficients

4

GMZ Te ZP (sin(¢))[c,, cos(mA)+s, sin(mA)]
m=0
degree N point of evaluation (r, ¢, 2)

0

1 degree Coo o4

48
Sg2 S21 €29 €21 Co2

533 S32 S31 €30 €31 C32 C33

72

96

96 96

72 48 24 0 24 48 72

«— order —

log10 [-
-9 -8.5 -8 -7.5 -7

n
_ 2 2
_\/Z Cnm+snm
m=0
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u Results
Spectral domain

solution for Jan. 2019

= signal CSR1901
10! = ATUB op
m— emp KIN & K-band

10?

10°

Vs

107! —

= formal errors
reflect assessed
noise very well

geoid heights [m)]

= Including features of
resonance orders

degree n
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Noise evaluation

400 km Gauss

EWH [cm] 7
... -20 0 20 = 2
400 km Gauss 400 km Gauss
EWH [cai] |
90 0 20 RMS over the oceans 20 0 20

e OSR = ATUB 0p - TUG e emp
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Thank you for your attention

Contact

Martin Lasser
martin.lasser@unibe.ch
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