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Motivation

e The EGSIEM combination service provides monthly
GRACE K-band gravity fields combined on Normal
Equation (NEQ) Level.

e To ensure consistency, a set of common standards
for reference frame, Earth rotation, force model and
satellite geometry were defined.

 EGSIEM lately was extended to also include SLR and
GPS-only NEQs.

e GRACE (GPS) + SWARM serves for demonstration.
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EGSIEM Standards

e Reference frame: reprocessed GPS-constellations
and high-rate clock corrections.

e Earth rotation: IERS 2010

e Force model:

— relativistic corrections (Schwarzschild, Lense-Thirring,
de Sitter)

— Sun and all planets as point masses

e Satellite geometry: common antenna reference
points
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Force Model and Processing Strategy

e Not fixed, but for this study consistent (Celestial
Mechanics Approach of AIUB):
— AIUB-GRACE-03S (static part only) up to degree 90
— EOT11A up do degree 100, including admittances
— AOD1B-RLO5 up to degree 100
— Earth and pole tides according to IERS 2010

— constrained stochastic accelerations every 15 minutes
in radial (R), along-track (S), cross-track (W)

— daily constant accelerations inR, S, W
— 1/rev-accelerations in R, S, W (GRACE only).
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Relative weighting

e For this study all satellites were processed using the same
observation type:

— kinematic postitions (10s-sampling)
e same type of noise model:

— observations are considered as uncorrelated in time
— constrained stochastic accelerations absorb model deficiencies

—> Generally easy to combine

—> But: different sampling rate of SWARM (1s from July 2014 on)
leads to over-weighting of SWARM.

Variance factors for relative weighting:
W =S,2* DOF / v'Pv
S;=0.001 m ; DOF = Degree Of Freedom
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Individual Combinations

GRACE A + B: 12/2013 SWARM A + B + C: 12/2013
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Individual Combinations

GRACE A + B: 01/2014 SWARM A + B + C: 01/2014
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Individual Combinations
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Individual Combinations
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Individual Combinations
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Individual Combinations
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Individual Combinations

GRACE A + B: 06/2014

50
60
70
80

90

GRACE A + B: 06/2014

Carrier phase RMS [mm)]

10

20
30

-80 -60 -40 -20 0 20

SWARM A + B + C: 06/2014

0 -8
-8.5
-9
-9.5
-10
-10.5
-1
115
8t 5
3 -12
w
7k E
(]
w
=
5
2
5 NARM A + B + C: 06/2014
-8
4t .
T e B 14 -9
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Month of 2014
30 -10
g 40
8 -11
8 50
60 12
70
-13
80
" oan - . - g M - « . i . 14
40 60 80 -80 -60 -40 -20 0 20 40 60 80

GGHS

Thessaloniki, September 19, 2016

Horizon2020



Individual Combinations

GRACE A + B: 07/2014 SWARM A + B + C: 07/2014
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Individual Combinations
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Individual Combinations
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Individual Combinations
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Individual Combinations
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Individual Combinations
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Formal Errors

1078

12/2013
I I T T T T . ;NJ‘
GRACE A GPS - GRACE K-Band | l‘/_‘."/--,\;";.ﬁ -
GRACE B GPS - GRACE K-Band /,/'"f';;/;/ -
SWARM A - GRACE K-Band v\/‘/.\’ .

SWARM B - GRACE K-Band
SWARM C - GRACE K- Band

T+ 41 .

'|T'l 1 |I|T 1
N ||#|T||r|rﬁ|“_l|| |||||l||||h1|r|rﬁm_
A . “ I ||1|ﬂ'l'lll'lf K| I'J“'|| I |l|
-10 P g soof TN e bTF &% 4+ F o }l||‘||' ' T ll—_

10 il Y A I il ._..%'| |
V\;" € 490—[!{1 ||!‘ ?i f I}tl.l ITHII” LI 'rl,u'i‘- Ik /
10 20 30 40 50 T

aol \ U il

degree VI A il 'IrL||| Mﬂ 1y

\ 1||* |1k|||41|| il ””L |“|u ||I
480 Illl&&[l|| .;‘*.
GGHS

ESSIEM

Thessaloniki, September 19, 2016

Horizon2020



Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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Formal Errors
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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GRACE + SWARM: contribution analysis
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Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band

07/2014

07/2014

10_6 AN T T

T T T 3 10 -6 N T T
GRACE A GPS - GRACE K-Band ] i

SWARM A - GRACE K-Band
SWARM B - GRACE K-Band
SWARM C - GRACE K-Band

SWARM A+B+C - GRACE K-Band
GRACE K-Band

GRACE B GPS - GRACE K-Band

107 F COMB - GRACE K-Band 3 107
i GRACE K-Band

10-10 1 1 1 1 1 1 1 1

10710
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
degree degree
07/2014
10_6 N T T T T T T T ] s [ T T T
i GRACE GPS - GRACE K-Band ] 10

GRACE A - COMB
GRACE B - COMB
SWARM A - COMB
SWARM B - COMB
SWARM C - COMB

SWARM - GRACE K-Band
COMB - GRACE K-Band
GRACE K-Band

10710 PV

10 20 30 40 50 60 70 80 90
degree

degree

ESSIE

Thessaloniki, September 19, 2016

Horizon2020



Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band
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Validation against GRACE K-band
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Evaluation

Seasonal variations in river basins Ice mass loss in polar regions

Amazon Basin 11
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Conclusions

e GRACE and SWARM NEQs can be combined ,just like
that” till 06/2014.

 Low degree coefficients profit from the combination,
while high degree coefficients are determined by the
lower flying GRACE satellites.

e After 06/2014 the change in sampling rate of the
SWARM satellites leads to over-weighting of SWARM.

e Combination of NEQs from different processing
centers (with different noise models) will make an
advanced relative weighting necessary.

=> Watch out for future EGSIEM presentations!
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