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EGSIEM Project — Three services are beeing established

Hydroweb
(Topex/Poseidon,
Jason, ENVISAT,
GFO, Sentinel 3)

GRACE GPS, Glonass, Galileo
GRACE-FO LAGEOS. Starlette,
(future missions) Stella. AJISAI

ENVISAT/ASAR,
TeraSAR-X,
Radarsat-2, Sentinel 1

W

Scientific combination Near real-time/regional
service service

v ;

Hydrological
service
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Scientific Combination Service
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Scientific Combination Service

 The EGSIEM combination service provides
monthly GRACE K-band gravity fields combined
on solution / normal equation (NEQ) Level.

* 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.
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Motivation for NEQ-Combination

Correlations are correctly taken into account,

even with pre-eliminated parameters.

* |In princip
original o
individua

e corrections are estimated for the
nservations, not the intermediate

model parameters.
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Comparison to official solutions 2006/01
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Degree amplitudes
of anomalies with
respect to modeled
secular and seasonal
variations (based on
ICGEM dataset).

Only orders 0..29 are
considered:
evaluation of part of
the spectrum that is
determined
meaningful.
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Comparison to official solutions 2006/01
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Comparison to official solutions 2006/01
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Comparison to official solutions 2006/01
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Individual Contributions: AIUB

2006/01

107° F AIUB - GOCOO5S 3

* AIUB: Celestial mechanics approach (dynamic approach relying
on frequent pseudo-stochastic accelerations)
— approx. 500000 KRR observations and
— 500000 kinematic positions (30s) / month
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Individual Contributions: ITSG

2006/01

1079 F AIUB - GOCOO05S 3
: ITSG - GOCO05S :

“
10-11 - ‘s (N Ll T - —ﬂ" E

_\.r,aa--—""

10 20 30 40 50 60 70 80 90
degree

e ITSG: originally short arc approach, empirical noise model

— approx. 500000 KRR observations and
— 50000 kinematic positions (300s) / month
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Individual Contributions: GFZ

2006/01

1079

AlUB - GOCO05S
ITSG - GOCO05S
GFZ - GOCO05S

 GFZ: dynamic approach, dense accelerometer parametrization
— approx. 500000 KRR observations and
— approx. 2500000 GPS observations / month
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Individual Contributions: GRGS

2006/01

AIUB - GOCOO05S
ITSG - GOCO05S
GFZ - GOCO05S
GRGS - GOCOO05S

 GRGS: magic approach
— approx. 500000 KRR observations and
— approx. 2500000 GPS observations / month
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Formal errors: 2006/01

degree

degree
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order

Contains main part of signal
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Variance Component Estimation

Iterative determination of weights:

_ 2. 2=
Wio=1/00°; 04" =1

(ZWkN)dX Zwlkbl’ IIkTPIkIIk_ i IiTPiIi

2 _ o T
Oi1” = Vik P vi,k/ri

Square sum of residuals: v; " P;v; = ;" P; ;= b;" dx,
Partial redundancy: r=n-m
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Variance Component Estimation (0)

10710

= \/CE1: equal weight
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degree
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Variance Component Estimation (1)

10710

= \/CE1: equal weight
VCE2

10 20 30 40 50 60 70 80 90
degree
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Variance Component Estimation (2)

10710

= \/CE1: equal weight
VCE2
== \/CE3
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Variance Component Estimation (3)

10710

= \/CE1: equal weight
VCE2

== \/CE3

—— \/CE4
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Variance Component Estimation (4)

10'10 T T T T T T T T

= \/CE1: equal weight
VCE2

== \/CE3

—— \/CE4

== EGSIEM

GRGS 3.23
GFZ 0.87
AlUB 5.88
ITSG 1.08
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Individual contributions (variance factors): 2006/01

2006/01 2006/01

T T T T T T T T T

GFZ - COMBw
AIUB - COMBw

GRGS - COMBw
GFZ - COMBw

10710 E

10711 F
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2006/01

2006/01

ITSG - COMBwW
GFZ - COMBw
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Empirical rescaling to achieve equal impact

A straight-forward empirical approach is to search for
weights w; that equalize the impact of individual
contributions on pairwise combinations:

(Nref T W Ni) dx = bref T W bi
The impact is measured by:
RIVISi = SClRT(ZI,m(Kl,mcomb o KI,mi)z/ncoef)

Equal impact is achieve for:
RMS./RMS, s =1
Consequently weights derived on solution level are applied.
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Empirical rescaling to achieve equal impact

x 10712

14 : . , | |
w=10 —e— AIUB + GFZ equalizing weight
—e— TSG + GFZ

12 —o— GRGS + GFZ| | GRGS 1.60
— GFz 1.00
= 10 ¢ AIUB 7.81
e
L
S ITSG 2.21
8 8t
c
o
% w=1
e 67
n
=
s

4 |
2 L L L 1 1
2 4 6 8 10 12 14
RMS to other contribution x 10712

E@SIEM  ccsiey cenerat pssemsy

Horizon2020



Individual contributions (equalized): 2006/01

10-10 L

10711

10710

10 M

2006/01

T T T

[ |==GRGS - COMBe
[ |=——GFZ - COMBe

2006/01

70 80 90

[ |==ITSG - COMBe

= GFZ - COMBe

2006/01

| |===AIUB - COMBe
[ |=—GFZ - COMBe

| |==GRGS - COMBe
[ |===GFZ- COMBe

10'10 L

= AIUB - COMBe
== |TSG - COMBe

1011 BV

EGSIEM General Assembly
AIUB Bern, January 19 - 20, 2017

* 4 *

Horizon2020



Equal contribution by empirical weighting
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Individual Solutions 2006/01

10 20 30 40 50 60 70 80 90
degree
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Weighted Combination on Solution Level

10710

— AlUB

— GFZ

m— | TSG

m— GRGS

== COMB solution
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Weighted Combination on NEQ-level

10710 ; , - . l I : .

: —— AlUB i

' - | GRGS  1.60

T GomB soltion GFZ 1.00

——COMBREQ AIUB 7.81

ITSG 2.21
Solution: | weight

GRGS 0.14

GFZ 0.19

AIUB 0.29

| | | | | | | | ITSG 0.38
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Weighting schemes: comparison

GRGS  0.25 GRGS  0.29
B GFZ 0.25 w GFZ 0.08
o O
@ AIUB 0.25 = AIUB 0.53
ITSG 0.25 ITSG 0.10
[
GRGS  0.49 GRGS  0.29
w GFZ 0.21 GFZ 0.08
X O p—
w GRGS 0.3 > AIUB 0.18 AlUB 0.53
c
'S GFZ 0.08 ITSG 0.12 ITSG 0.10
© —
g AUB 062 g GRGS  0.14
v )
ITSG 0.17 . o OF 0.19
£ AUB 029
o ITSG 0.38
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Combination on Normal Equation Level

What can we do to a normal equation without
changing the individual solution:
Ndx=b;x=x,+dx

Scalar scaling: fNdx=fb
Matrix scaling: FTNFFldx=F'b;x, =F!x,
Transformation to different a priori values:

Xo' = Xo + dX,; N (dx —dx,) = b — N dx,
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Rescaling of formal errors

Cofactor matrix: Q=S QS ;s;=0;/ 0 55 S = 0

Normal matrix: FTN F = (S Q S)™!

Cholesky decomposition: N =G G’
(SQS)t=HHT

FFGG'F=HH' => FT=HG"

Resulting NEQ: N dx‘ = b’
with N“=FTNF, b’=F'b, dx' = Fldx and x," = F'x,
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2006/01

— A|UB

— GFZ

w— | TSG

— GRGS

s COMB solution
= COMB NEQ

1 1 1 : R In case one

20 40 60 80 contribution is by far
degree the best, the EGSIEM-
combinations are
close to it.
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2006/02

w— AUB

w— (5 FZ

w— | TSG

— GRGS

ms COMB solution
= COMB NEQ

] The combination
| on NEQ-level
seems to be more
robust than the
combination on
solution level.
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2006/03

— AlUB

— GFZ

w— | TSG

— GRGS

s COMB solution
= COMB NEQ
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2006/04

w— AUB

w— (5 FZ

w— | TSG

— GRGS

ms COMB solution
= COMB NEQ
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2006/05

w— AUB

w— (5 FZ

w— | TSG

— GRGS

ms COMB solution
= COMB NEQ
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2006/06

w— AUB

w— (5 FZ

w— | TSG

m— GRGS

s COMB solution
= COMB NEQ

1 In case several

20 40 60 80 contributions are
degree comparably good, the
EGSIEM-combinations
are better!
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2006/07

— A|UB

— GFZ

w— | TSG

— GRGS

s COMB solution
= COMB NEQ
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2006/08
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w— | TSG
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w— AUB

w— (5 FZ
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— GRGS
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2006/10

10710

m— AlUB

w— (5 FZ

w— | TSG

m— GRGS

ms COMB solution
= COMB NEQ
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' |

i
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(AN

Combination is

20 40 60 80 statistics, not magic
degree -> screening (or

improve individual

contributions!!)
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2006/11

m— AUB

—— (G FZ

— | TSG

m— GRGS

ms COMB solution
— COMB NEQ
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2006/12

w— AUB

w— (5 FZ
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