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* Parametrization and background models used in the
SLR processing

* A priori gravity field models

* Results of multi-satellite SLR combinations using
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Parametrization

A

Satellites
Parametrization

LAGEOS-1/2

B

LARES

Osculating elements

a,e i) wuy

1 set per 7 days

Constant and
once-per-revolution
accelerations

SO; SS; SC, WS, WC

1 set per 7 days

Pseudo-stochastic
pulses

no pulses

in along-track
(twice per day)

Earth Rotation
Parameters

Xp,Yp, UT1 — UTC

piecewise-linear

Geocenter coordinates

1 set per 7 days

a

free geocenter

Station coordinates

1 set per 7 days

NNR and NNT

Range biases

1 set per 7 days for

selected stations |

all stations

Background models

Models Description
Reference frame SLRF2014
ERP IERS-14-C04

Nutation model

IAU2000 (Mathews et al. 2002)

Subdaily pole model

DESAI: IERS 2010

Ocean tide model

FES2014b: d/o 30 (Lyard et al. 2021) +
admittances

Earth Tides

Solid earth tides, Pole tides and Ocean
pole tides: IERS 2010

Loading corrections

Ocean tidal loading: FES2014
Atmospheric tidal loading: Ray and
Ponte (Ray and Ponte 2003)

De-aliasing products

Atmosphere + Ocean RLO6: d/o 30 incl.
S1- and S2-atmosphere tides (Dobslaw
etal. 2017)

Earth gravity field

GGMO5S, COST-G, .... ? : d/o 90

Study the impact of a priori gravity field models on the estimation of geodetic parameters!
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* GGMOS5S (static field)

e GGMOS5S + time-variable coefficients for the
zonals Cy0/C30/Ca¢/Cso/Cgo and C1/S51
provided by the ILRS

(«semi» time-variable field)

e COST-G (time-variable field)

, %
Further option: replace C

a4

S C, [c+ i
55| Cooll3) Coz Static
C4—4-
Cs4|Css
S6615651564156315621561|Co0|C61|Co2|Ce3|Co4lCos Cael
Time-var. ILRS
C33
Sas C43|Cyq
555 SS4— C53 C54 655
566 565 564- C63 C64- C65 C66|

according to the IERS2010 conventions

COST-G
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Outline:  Earth Rotation Parameters (ERPs) e Station coordinates
* Parametrization r | G 05T ' c 18 | | |
) > A+C: (COST-G, replace C.,/S.,.) g - A (ﬁtatic)
+ Models @ 0.5 etk Vol 7 & o e
E . SRR TR E 16 -:.iféjﬁé"é"fs?é;'ms’ -
° A prIOFI GraVlty % "'8 -A+Cj (static, replace C_,./8,,)
o c 14 - [ A+C: (time-var. ILRS, replace C21!821) i
fields o 05 s T [ A+C: (COST-G, replace C,,/S,,)
g il
-1 (] ..g.. 12 €1115011.4]11.4
* Results Ex
25 10
> LAGEOS-1/2 + 1 IS
o
LARES — o g
@ 0.5 =w
> LAGEOS-1/2 + £ : X .- 5
LARES + Starlette 2 ol § =
T o5f d E 4
*Summary & > 3
Al ! s 2
Outlook 2015 2016 2017 2018 2019 2020 2
= 0
Replace X pole [uas] Y pole [uas] UT1-UTC [us] North East Up
Glossary: C21/S21 | Bias WRMS | Bias | WRMS | Bias | wRrms
« A: LAGEOS-1/2
. C: LARES Static x -295.1 350.8 | -12.5 158.7 | -36.2 133.7
Static v 226 1322 9.8 1169 | -13.4 83.5
Time-var. ILRS x -86.8 1665 | 383 1461 | -16.3 87.0
Time-var. ILRS v 211 1306 | -11.9 1153 | -12.6 81.4
x 74.8 148.7 | 60.4 136.8 -8.9 79.1
COST-G v 126.6 177.3 | -16.0 117.6 | -10.2 75.2
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LAGEOS-1/2 + LARES: Results

Outline:

* Parametrization
+ Models

* A priori Gravity
fields

* Results

» LAGEOS-1/2 +
LARES

> LAGEOS-1/2 +
LARES + Starlette
*Summary &
Outlook

Glossary:
* A: LAGEOS-1/2
* C: LARES
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 Observation residuals

— LARES

E50; ‘ s

£ e A+C: (static): 247 £3.08 mm

o ® A+C: (time-var. ILRS): 187 + 2.6 mm

< 40 A+C: (COST-G): 15.7 £ 2.82 mm §
S5

o 307“ e '. * o _O®0_ o "0}:“ b
9 ® o < ® oo o % S0 % ’o\ﬂ"'

. . - °© o . ofh g w P «® % Y
8 g0 BESR T Baie T A TR
R R DA R T A AT oA R It SR
o) e ® - ® ooed
w10r ] il
5 L L L L L L

2015 2016 2017 2018 2019 2020
— LARES
E 50 ‘ ‘ :
é e A+C: (static, replace 021/821): 16.9+2.74 mm
cﬂﬁ 40 - e A+C: (time-var. ILRS, replace 021/321): 16.9 £ 2.77 mm |
-c33 A+C: (COST-G, replace C21/Sz1): 14.9 £ 2.97 mm
230 . ]
) e o0 tH e b L] _ [ 8 H
Q2 90L° o :‘. ‘9:0 oo o o o o § joo° A A IR Il
o . o & Ty D adas o8 o o o F Y Y- ‘.‘,
“ kﬁ‘k" f’?" I)..f"q:‘::lﬁ""‘:“ X, :‘ }“‘Qt“r‘ab. [ ‘:;‘.:!{ o’ %"".
n 10 : h -
5 L L L L L L
2015 2016 2017 2018 2019 2020

Conclusions

— The replacement of C,1/S,4
(according to the IERS2010
conventions)

* improves the geodetic parameters:
ERPs (except for X-pole if COST-G model
is used), station coordinates,

* reduces the observation residuals,

independent of the used a priori
gravity field model.

— The use of the gravity field model
provided by COST-G

* improves some ERPs and the station
coordinates,

* reduces the observation residuals of
LARES.
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Parametrization

Outline:

* Parametrization
+ Models

* A priori Gravity
fields

* Results

» LAGEOS-1/2 +
LARES

> LAGEOS-1/2 +
LARES + Starlette
*Summary &
Outlook

Glossary:

* A: LAGEOS-1/2
* C: LARES

* D: Starlette

References:

[1] https://ilrs.gsfc.nasa.gov
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* Parametrization A VCE .
—_ Satellites | | \cros-1/2 | LAREs Starlette
Parametrization
. ae i wu
Osculating elements 1 set per 7 days
Constant and So,Ss,S¢, Ws, We
once-per-revolution 1 set 2 d
accelerations SeLper /days
in along- in along-
Pseudo-stochastic no pulses track track
pulses P (twice per | (twelve per
day) day)

Earth Rotation
Parameters

Xp,Yp, UT1 — UTC

piecewise-linear

Geocenter coordinates

1 set per 7 days

free geocenter

Station coordinates

1 set per 7 days

NNR and NNT

Range biases

1

set per 7 days for

selected
stations

all stations

Orbital planes

LAGEOS-1
LAGEOS-2
LARES
Starlette

LAGEOS-1 | LAGEOS-2 Starlette
Diameter [m] 0.60 0.60 0.36 0.24
Weight [kg] 407.0 405.4 | 386.6 47.5
Altitude [km] 5860 5620 1450 812
Inclination [°] 109.8 52.6 69.5 48.8

[1]
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Outline: « Weights per satellite Earth Rotation Parameters
* Parametrization L
X pole [uas Y pole [uas UT1-UTC [us
+ Models L>) 1.57 [ ‘ | Replace [nas] [pas] [us]
c ®  A+G+D: (time-var. ILRS): 0.3 £ 0.1 C21/S21 | Bias | WRMS | Bias | WRMS | Bias | WRMS
° . . . ® A+C+D: (time-var. ILRS, replace 021/821): 04£0.2
'Af priori Gravity 2 A+C+D: (COST-G): 049 + 0.2 Time-var. ILRS x 198 | 1280 | 477 | 1343 | -83 73.2
= A+C+D: (COST-G, | C,,/S,,):06+03 B
fields «a 1 ( rfpace 21520 : Time-var. ILRS v 89.1 | 1500 | 05 | 1125 | -95 73.1
* Results EE . % S, . y g o s S COST-G x 708 | 1505 | 597 | 1439 | -111 80.1
— o a8 ® > > Ve o P ° o
> LAGEOS-1/2 + 5 0.5 gaVaes '.f-?,,x: . . ,\_.):';:." L X1y X :‘3;. "\; * .}' X COST-G v 1453 | 1933 | -33.0 | 1298 | -6.0 71.7
LARES q(; :*;‘;“&’ ~."'f""". :.? -.,.v... ‘n‘- & @ J“:r':ﬁ y ~::. S'%“L‘?f., &
» LAGEOS-1/2 + BRI O R LR RV L T EEQ MR TR AR aE LN
@)} v e g (|
LARES + Starlette o ot w ; w ‘ L . .
.5 2 = 2015 2016 2017 2018 2019 2020 Station coordinates
ummary o s 1 | |
OutIOOk L>) 15 T T T -'g 16 =i:g:B$:::::: :::g:)replaceCmﬁSm)
c o A+C+D: (time-var ILRS) 033 %01 8 R D C0ST-0, eplace Gy 5, )
S ® A+C+D: (time-var. ILRS, replace 021/821): 027+0.1 E 14 -
. = A+C+D: (COST-G): 0.4 0.2 =g
Glossary: Q 1 A+C+D: (COST-G, replace C,,/S,,): 0.42 £ 0.2 il 5 E12f
* A: LAGEOS-1/2 s : Ex
* C: LARES = . 3 8 . . %510’
* D: Starlette 0 :,- H 8 22%,-7 3 . ° o X N o % 8
B 0.5 _‘o ; e 8 :( '."n’.‘ g .‘ 00 o By o%e * : & Bty | E (f L
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fields
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LARES
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LARES + Starlette
*Summary &
Outlook

Glossary:

* A: LAGEOS-1/2
* C: LARES

* D: Starlette

Slide 9

e Conclusions

LARES and Starlette receive from
the VCE the highest weights if the
COST-G model is used.

The replacement of C,1/S,1
(according to the IERS2010
conventions)

* has a major impact on the weights of
LARES,

« downgrades the X-pole, while the Y-
pole is improved

independent of the used a priori
gravity field model.

 Observation residuals
= LARES —
E 50 ‘ ‘ :
é ® A+C+D: (time-var. ILRS): 19.6 £ 3.11 mm
i) 40 - e A+C+D: (time-var. ILRS, replace C21/821): 17.4 316 mm |
@© A+C+D: (COST-G): 16 + 3.67 mm
-8 A+C+D: (COST-G, replace (321/821): 149+ 38 mm
@ 30 [ ' ° s . = 7 —
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= Starlette
€50 ‘ ‘ ‘ :
é ® A+C+D: (time-var. ILRS): 19.5 + 4.02 mm
i) 40 | ® A+C+D: (time-var. ILRS, replace C21/S21): 21+4.4mm |
© A+C+D: (COST-G): 18 £ 4.34 mm
'C:J A+C+D: (COST-G, replace 021/821): 17.7 £ 455 mm
‘B s 8 v -.,
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Outline: ° Summary:

* Parametrization

;Mode'SG — The a priori gravity field model has an impact on the

- *A priori Gravity . .

£ fields estimated geodetic parameters of SLR analyses.

S +Result '

§ 2, o5/ s — The COST-G model can (should) also be used in the SLR

€Y% LARES :

S5 lace0s.1/2 « processings.

£ = LARES + Starlette

g% *Summary &

22 Outlook

£ * Outlook:

32 — Study the impact of the a priori gravity field model when the
3@ low-degrees are co-estimated.
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Thank you for your attention!
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