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Troposphere modelling DORIS determination of the geocenter

To test the impact of troposphere modelling in the DORIS -

processing, we used different analysis strategies given in Table 4. 40 **"!'m'ﬁ“ "ﬁ’g*ﬁ 2

Abstract

For the development of the new realization of the
terrestrial reference frame, ITRF2008, the Goddard Space Flight
Center reprocessed the DORIS data from six satellites
(TOPEX/Poseidon, SPOT-2, SPOT-3, Envisat, SPOT-4 and
SPOT-5) from 1992 to 2009. The reprocessing followed the Meteorological | Troposphere | Scale Factor | Mapping GM diff
modelling standards and analysis strategies recommended by data model Adjustment | function (10°)
the International DORIS Service Analysis Working Group (IDS gscwd06 | DORIS Hopfield Wet + dry Goad and -67
AWG). Goodman (1974)

This study describes the details of the processing, pointing Coodran (1974
to two significant conclusions: Test2 laPT Wet+dry | CFA2.2
(1)The impact of the meteorological data used (modelling of st 3 laPT Wet only CFAD2
Temperature and Pressure of DORIS stations compared to In- Testa lGPT Wet only Niel
situ data) and the use of mapping function for troposphere
correction,

(2)The effect of satellite-specific parameters (macromodel &
nonconservative force model).

Table 4 - Troposphere modelling effect on DORIS scale. The values in the column on the
right are the estimated GM value minus the IERS value of 3.986004415.101% m3/s2.
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Figure 5- Cumulative GSFC solution computed by CATREF. The number of
satellites per period is given as an indication. For the Number of Stations, we
give in red the number of stations in the SINEX files (normal equations) provided
in the gscwd10 solution. Data provided by Jean-Jacques Valette.

Herein we also compare our estimate of the geocenter
motion, determined dynamically via the degree one coefficients
C11, S11 and C10, with the geometrical determination via the
Helmert parameters processed by IDS combination center.

Data processed

The NASA GSFC DORIS analysis center has processed DORIS
data within the period November 1992 to January 2009 of six DORIS
satellites. Table 1 gives the periods of processed observations for
these satellites. Weekly solutions (839 SINEX files) of stations
positions and Earth Orientation Parameters were provided to the
International DORIS Service (IDS) for combination with six other
DORIS Analysis Centers (see Poster G11C-0655 by Valette et al.,
Session G11C, Terrestrial Reference Systems).
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The GSFC DORIS solution has been combined by the IDS
Combination Center (IDS CC) using CATREF. The results in terms
of Helmert parameters are given in Figure 5. We indicated the
number of stations in the SINEX files in red: stations are removed
by IDS CC during the combination step.

We estimated these parameters dynamically (estimating
degree one Stokes coefficients) and compared them to the
geometric method (CATREF). TX and TY series are similar. The
TZ difference can be explained by the number of stations that
differs in the two methods. Comparing with geophysical models,
we noticed that the DORIS determination of the geocenter is in
agreement concerning the annual terms, but with an amplitude
larger than the geophysical determination, especially in TZ.

Figure 1- Effect of the Troposphere Mapping
Functions on the DORIS estimate of GM, as a proxy
for the scale of the coordinate solutions.

We saw an improvement using the Niell (1996)
mapping function, but we expect that use of the more modern
models GMF (Boehm et al., 2006) or VMF would lead to a more
stable scale for DORIS.

Parameters specific to the satellite

Table 1- DORIS satellites processed and observation period. We experimented with adeSting the reflectivity coefficient

. . . Cr, which scales the entire macromodel, as well as the 40 . . . . . .
Satelitte Processed observation period q f individual del T}{{mm} . _
Envisat June 2002 — January 2009 agjustment or individual macromodel parameters. 20 B ;o
_:;; "i B, oo . :
SPOT-2 November 1992 — January 2009 T 1_*"'”3 VSR vgf‘,ﬁha;;"**‘; i ol
/ SPOT 2 Along—track Emplrlcal Acceleratlons \ ol é':upmsma. model o "'f;’ o
SPOT-3 February 1994 — November 1996 155 - DORIS - Dynamic methad
— Ver5|on wd06 DDHIEI - Geometric r:‘uemnd z |
SPOT-4 January 1999 — January 2009 0 — CR tuned (1.0716) Cr test — ~40 e e e . o
E L 2 @ & & @ @& & B
SPOT-5 June 2002 — January 2009 = = R ® 2 2 2 # &
| y % Pl Example , | | |
TOPEX/Poseidon November 1992 — November 2004 = WMWH of TY _
= osp ' =0 me} g RN
S SPOT-2 S AR vt v, A 2
E | bbb i, wmmwwwwm | SRR
. 2003 2003.2 20034 2003.6 2003.8 2004 20042 2004.4 2004.6 2004.8 2005 _a0 “' -" .' A
A I al yS |S Strateg y Figure 2- SPOT-2 Daily Along-track Empirical Acceleration 2 3 2 3 5 4

Amplitudes using Cr=1, and the tuned value of Cr=1.0716.

—40 '
;| el

100 T

TZ (mm ~ ' -
50 ( } a P, * . i
= 4 LY LT La moW 4u g 3 -
T a & .“ . r. . B, oLE h I L F] IJ-. :I'I.‘. - ' .-;'-.. '_"‘ + b
T A R W e Peg el Y Pl W - Tt 2 ’
& " % b " L ¥ . L |
t % i 'b,zl.‘ s 4 J ! r ?.ll_'ll"'.li .“' L K w T Ay 1A A
Lo hn a
7 &
+ w7 7 i a® i
2 - e R T T £
- " oe et \ . Eam T -
1 ' g st
v ‘. - T L .I.‘
.| " - = IIL

1489

4 1ma8 |
a9
199§
1999

H 2000 |
2001

1 sp0e | T
2003
2004
200

H{ =008 |
a7

{ 2008 |

Table 2 gives the standard models used in the GSFC
processing, as recommended by the IDS AWG. /

Macromodel test — Example of SPOT-4

Table 2- GSFC Analysis DORIS data processing standard for ITRF2008. Table 5 - Parameters for SPOT-4 Macromodel: Panel area, Specular reflectivity (o), or "mﬁ:Hﬁﬁ“‘f:}i*‘w“ﬁlr{,jihﬂﬁ‘ ,:"', ‘
Atmospheric gravity ECMWF-6hr Diffuse reflectivity (). wf & Pl S AL
Ocean tides GOTA4.7 Panel Area| Nominal | Test1 (0,d) | Test2 (0,5) | Test 3 (0,5) ~100 = - ' S - £, '
Ocean loading GOT4.7 (m?) (0,5) $ 8 &8 8 8 8 &8 8 8 8 8 8 8 g8 8 %
Station coordinates DPOP2005 | X 3.5 | (0.54,0.07) ] ] ] Figure 6- Geocenter retrieved from DORIS analyses (dynamic method —
Center of mass/Antenna offset applied from the DORIS data X 35 | (0.630.81) ] ] ] this study — and geometric method) compared to geophysical models. Data
Elevation cutoff 100 ' R provided by Jean-Paul Boy.
Static gravity EIGEN-GL04S1 (120x120) +Y 7.7 | (0.54,0.50) . (0.21,0.50) | (0.14,0.50)
C21/S21 IERS Standards
Y 7.7 | (0.56,0.38) i i (0.56,0.30) :
Drag parameterization Cd/2-hrs (sigma=1.0) Envisat and SPOTs CO NC I USIoNns
Cd/8-hrs TOPEX/Poseidon +7Z 9.0 (0.47,0.11) - - - T — ‘ | . — | S
Cd/1-hr within 2001-2002 . ; - U srom
% ‘ * Lo SPOT4
A priori Met. Data GPT Boehm et al. (2007) L 9.0 | (0.47,0.25) i i i ‘ | = . spors
Mapping function Niell (1996) Sol. Array - front | 24.8 | (0.10,0.15) | (0.32,0.15) | (0.34,0.15) | (0.35,0.15) T
The data were processed in arcs of approximately seven Sol. Array —back | 24.8 | (0.24,0.24) ' ' ' 8
. N o
days, except for periods when there were data gaps or Along-Track 10°m/s? 9. 45 0.96 078 3 50 E oo
maneuvers. Mean Acceleration =
To Iimprove the quality of the solution, we conducted Cross-Track 10-°m/s? 3.74 3.88 3.93 3.42 S s
different modelling tests, including modelling of the troposphere Mean Acceleration =
(see section in this poster). We also estimated tuned values of the . SPOT-4 Along-track Empirical Accelerations £
Cr as well as new values for parameters of the DORIS satellite s | | | T e
macromodels. The different updates on SRP parameters applied _ ‘ ‘ |
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Table 3- Update on SRP parameters for each satellite used applied for GSFC solution. E —
. . . E'D_E P:”m;ﬁ':ﬂﬂ \‘ | \ | | | | |
Satellite Macromodel Period Cr used in Panels E Panels test 2 T o 1996 1998 2000 2002 2004 2006 2008
ne Adiusted b | o Figure 7- DORIS RMS of fit of the orbit determination for each satellite used i
i .'| J] i igure 7- of fit of the orbit determination for each satellite used in
o= 0 WA A“‘m}'w"ﬁ"h"ﬁm“ -h“w A “ l 'rw‘\JLb‘n"m“*'ﬁ"‘*‘*’\* WAy thg GSFC solution.
TOPEX/P Marshall et al. (1995) Nov. 1992-Nov. 2004 Cr=1 No 2003 2003.2 2003.4 2003.6 2003.8 2004
oseidon Updated Figure 3- Comparison of the panel parameter adjustments for SPOT-4. The Figure 7 gives the final weighted RMS of fit of the orbits
Envisat | UCL model June 2002-Dec 2008 Cr=1 No amplitude of the r(_ecovered o!aily empirical along-track.accelerations .is obtained for the GSFC DORIS solutions by satellite.
Ziebart et al. (2005) \ shown after applying the estimated panel parameters in the new orbit /
SPOT-2 GSFC model (tuned) Nov. 1992-Dec 2002 Cr=1.0386 No : : :
1.The RMS of fit of SPOT-2 is systematically better than for
GSFC model (tuned) Jan 2003-Dec 2008 Cr=1.0716 No ENVISAT Daily Along-track Empirical Accelerations {Oprs) _
SPOT 3 GSFC model (tuned) FEb 1994 NOV 1996 Cl’_l YES 5.00 107 . [ EUUE-EI}D?] TO DEX/Poseldon;
. I o C | 1 Utk odel (usteg Eeut) 2.The improvements in RMS for SPOT-2 and TOPEX/Poseidon
SPOT-4 CNES model (adjusted) Jan 1999-Dec 2008 Cr=1 Yes e o ; . UCL (10 deg Elcut) : :
. o a0010® i 8%t sl . (1998-2002) reflect the improvement in the DORIS network;
SPOT-5 CNES model (adjusted) | June 2002-27 Jan. 2008 Cr=1 Yes - | 3 The chanae in RMS of fit for Envisat is due to change in the
CNES model (adjusted) | 27 Jan 2008-Dec 2008 Cr=0.8208 Yes E ' ] J _ d
[ [N 0 I I UcL model count interval;
z { - Do moae 4.Change in software for SPOT-5 and Envisat are visible and
=1 Impact the RMS of fit.
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Figure 4 - Comparison between the UCL model and the GSFC macromodel on
Envisat. Along-track component of the empirical accelerations.

IDS, as well as experimenting new models and updating more In
details individual satellite macromodels.



