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Abstract

ITRF2020 & DTRF2020 DORIS Scale and Geocenter

é cnNes

In the context of the 2020 realization of the International Terrestrial Reference
Frame, the three IERS Production Centers (DGFI, IGN and JPL) delivered three
independent solutions from the contributions of the four space geodetic
techniques (DORIS, GNSS, SLR and VLBI). Even if these three ITRF2020
realizations are based on the same input, they differ on several points such as
the space geodetic techniques weighting, the coordinate time series
discontinuities and on the modelling of the station displacements.

In this study, we use the coordinate time series of the two hundred DORIS
stations from 1993.0 to 2022.5 as benchmark to investigate the characteristics of
the ITRF2020 and DTRF2020 realizations.

After presentation of the overall performance of these two TRF realizations in

IDS 20 (extension of the IDS contribution to ITRF2020) scale and geocenter
with respect to DTRF2020 and ITRF2020 from 1993.0 to 2022.75.
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DORIS POD Tests with DTRF2020 and ITRF2020

0 DORIS Processing context

DORIS data have been processed with GINS/DYNAMO software taking into account IERS conventions and IDS recommendations for the ITRF2020 realization

We compared DPOD2014 05 vs ITRF2020 and vs DTRF2020
DORIS data used.:
= TOPEX from year 1994 (P1), 1999 (P2) and 2004 (P3)
= Jason-2 from year 2009 (P4) and 2014 (P5)
= Jason-3 from year 2019 (P6)

DORIS residuals RMS differences global and by station

O DORIS residuals comparison DPOD2014 - ITRF%BE&)DanSOﬂ

L DORIS residuals comparison DPOD2014 - DTRF2020

. . i 0.00277 -0.00118 0.00212 -0.00525
terms of geocenter, scale and mean velocities, we assess the quality of the e I 1 , - I P1(1994) TOPEX  DPOD14-ITRF2020 51 GOLA AREA +0.00076 P1(1994) TOPEX  DPOD14-DTRF2020 49 -0.00002
kl . . f h DOR|S . L. b h DTRFZOZO d 1854 1996 1998 2000 2002 2004 2006 200 2012 2014 2016 2018 2020 2022 GOLA COLA
weeKly FEStItUFIOH of the StatIOI.'l positions by the e an 2 : : ' ‘ P2(1999) TOPEX DPOD14-ITRF2020 54 elles -0.00084 +0.00042 P2(1999) TOPEX DPOD14-DTRF2020 53 0.00455 -0.02330 -0.00039
ITRF2020 solutions. Then, we make benefit of the one and a half year since the ; HEEI ARMA MSOB RAQB MARB
i i i j j g \ -0.00227 -0.02037 _ 1 -0.02094
ending of the ITRF2020 time period to evaluate these two 2020 TRF solutions in ¥ mgi iil P3(2004) TOPEX  DPODI4-ITRF2020 54 - DB -0.00975 P3(2004) TOPEX  DPOD14-DTRF2020 52 OA%O:E? OA%DOE? -0.01036
terms of prediction of the DORIS station positions. Finally, we will estimate the 0 | ’ | . 0.01334 0.00165
impact of the DTRF2020 and ITRF2020 solutions on DORIS precise orbit ol , o b” 4 T , , 1 , , , | P4(2009) Jason-2 ~ DPOD14-ITRF2020 60 ASDB ARFB +0.00057 P4(2009) Jason-2  DPOD14-DTRF2020 59 0.01416 0.00305 +0.00046
dete rm i nati O n 1954 19596 1988 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 ASDB ClCB
: 0 - - : - : 0.00091 -0.00954 004 -0.00001
P5(2014) Jason-2 ~ DPOD14-ITRF2020 59 RIMB ARFB -0.00011 P5(2014) Jason-2  DPOD14-DTRF2020 55 Oofizég OAOR(LOBO +0.00039
40 - 2 1
£ b | F 0.00160 -0.00615
- £ - - 0.00051 -0.01870
ITRF2020 & DTRF2020 DORIS Solutions v mngﬂdﬁ“lmiﬁw P6(2019) Jason3  DPODI4TRF2020 59 “poyc ARES  T0.00086 P6(2019) Jason3  DPODI4-DTRF2020 57 0000 D870 000157
40 - - a
. o o - - - N " o w o - - ~ Positive => Improvement for ITRF2020 Positive => Improvement for DTRF2020
90° | | | T | | T T | | | 90° ! B v ' ' N ’ ' i ! B ’ B v '
Ny-Alosund o e EREammE A am A am s A A am e e P1(1994) TOPEX P2 (1999) TOPEX P1(1994) TOPEX P2 (1999) TOPEX
o Ny-Alesund 0.003% i 0.02% 7 0.004r n 0.005®
Thule -
' o Metsahovi I - O Scale differences must be mostly L - | Slight improvement with DTRF2020 except for few | -
60 . Fairbanks e oA Reykjavik o~ Krasrayars; e 3 60 1993.0.2002.5 5175390 051) .43+ 3,85 (0.21) explained by DTRF2020 and ITRF2020 _ oo _ oois - stations, in particular Colombo and Kerguelen 0 I ._..-I-I-I. IR I i PO P _I_. gl
old Bay Ottawa ... = @
I ® = Jo.hn’s o Toulousegras i Badary "y . Scale 2002.5-2008.5 0.69+1.72 (0.27) 6.87 £ 1.75 (0.43) Scale defl N Itlons (VLBI+GNSS VS é B é L E i é r
Goldstone o Ponta Deiga® @ Ajaccio o Purple Molintain I 2008.5-2022.75 2.15 +1.58 (0.25) 8.22 +1.73 (0.26) g g 3z | | 7 -0.005
30" oo R ook Rijmont;u Santa Maria Gavdos - PY . 30° 1993.0-2002.5 2,01+ 4.42 (-0.58) -3.58+4.41 (0.08) SLR+VLBI) : o001 ;ﬁ oot _ _ = ol I'II o Il- | |||l'||“-..|'||-lll 2 |
Miami S.a' ® Everggt - angilio T 2002.5-2008.5 -1.00 £ 3.01 (-0.06) -3.16 £ 3.03 (0.09) ;:; _" | ||‘I ‘” ‘ ” I‘ ‘ ||| | ‘l 1 ZZ I Improvement with [TRF2020 for Arlit % B | ‘ % -0.01
Soorole. @ LoLaMentn R o - e 2008.5-2022.75 1esx224018  320:25020 - [] Scale and Tx differences up to 2005.0 : ot I * I | N Laaan 3 0005 R 2 | Degradation with DTRF2020 for Marion Island
' P & s ) ® 1993.0-2002.5 -4.47 + 4.71 (-0.67) -1.86 + 4.72 (-0.28) - P2 L » i g g 0015
0 pocorson 2@ Ve el may also be related to handling of the 2 Z 2 | o 0
e SantaCruzAreqUipa ® Mge Py Ty 2002.5-2015.9 -4.00 + 3.47 (0.93) 1.10 £ 3.57 (0.92) . . d . h | | B o001 = o T T T SR l| el & & |
i : . Giinong o 1, 2015.9-2022.75 241229204)  107:292027) DORIS stations equipped with Alcate Slight improvement with [TRF2020 _ - "] 8 o000t g
’ . ® St-Helena . L'f‘::oumea I 1993.0-2002.5 -5.83+21.81(2.82) 0.17 £21.80 (2.67) ante nn aS . exce pt for few stations i i L |
-30° Ra.paﬂ'mea Easg”s. sargduan - Cachoeira Hartebeesthoek - Canberra -30° Tz 2002.5-2008.5 -21.85+12.39(-3.75) -17.42 £ 12.31(-3.78) -0'002“<§<s<mg<§<s;az <<<<<<< 883855384 Si3E5€3i387:337 ML e pp— SRiSEc2i5 J3RREJREE 2458 cmmEacizme :
. @ e SEEEERCLEELE LR A LR 5:1EEEEZ°E§EEEE§$§EQWGEEEEJ 1%@%255%g%gaz:gj;;:géésg55gg2gg55355:%@555535&%55@53?? 'O'(X)él'f:;zzf-ﬁg<.<<s.:~,as<<.:aﬁ’::<§<f<54545<r<1<5’535Es:“-<< - UK P SEza<A<Ji<Pii4fEm<A <EzsmEfzzdiigz
o A Tristan Da Gunha piozet Ameistiam Mount Stromlo 2008.5-2022.75 587£919(158)  -2.45:920(1.49) CEEEERLEREEREEEEEEEFEEEEELERFEEREEEFEEEREEREEEEEE EEEEEEEEEEEREREFEFEFFEELEEFEEEEERE FIEEEEEEEEEEEEERE
Chatham Is. . .
Marion Is. bt Main statistics (mean, std in mm and trend in P3 (2004) TOPEX _ _
,GO«I Rio Grande i 60° mm/yr) of the IDS 20 Helmert parameters with ( ) P4 (2009) Jason-2 P3 (2004) TOPEX P4 (2009) Jason-2
@ i ITRF2000 ony 12020 Terre Adeli respect to DTRF2020 and ITRF2020. or— | I I I 3 0015k 2 0| Tl T ooise 2
R on);y Rothera Syowa erre Adelie I | | ‘ ‘ ‘ I L i Slight improvement with DTRF2020 |
Belgrano in partucular for Ascension
— -0.005 — . 0.005 N
-90° — E— — — — — — — — — — -90° . L. . ‘é ‘é 0.01 'gr £ 001
-180° -150° -120° -90° -60° -30° 0’ 30° 60° 90" 120° 150° 180° = L é é L ;_,
TRE2020 and TRE2020 DORIS Site Nefworke. ITRF2020 & DTRF2020 DORIS Station Positioning i | stiontimprovement witn TRe2020 - . |
; ; . ; .. g & in partucular for Ascension C 2
—— . . . . . . . . IDS 20 (extension of the IDS contribution to ITRF2020) station position =R 2 0005 g | S oo
e residuals with respect to DTRF2020 and ITRF2020. 2 o0ts E 2 sois E
wHEE N _ . . . ‘ _ L L ® DTRF2020P ® ITRF2020 £ £ I | I e g I | I
th:eé:“l‘%%k‘ ' — & i |z W MR TP [T [P TR TN B Bulan o B 4. 0sss E B | E | I I
La Agunion — Q Q 0 I T I o 0 . —ya T T T T B e T | e | 1 |
- . — ) : | g 2 F ‘ l ' |
Dgnysos [ £ o v, [ ] -0.02
Ny mona - E . . . r 1 L i
T%%a%{é'm = by mﬂﬁ ' — i Slight degradation with ITRF2020 ] = Slight degradation with DTRF2020 :
i — B ‘w B 00258 e . . .
s = 8 | ] N EFEEEEE PR ST o FEEEE FEE P ERE FECEE AL SRR R R e FEEL B PEEEEE R T R R B O Sgre319073220721700987 302970000909 002803 0130 0ERAE0] BT T E e e TEC FFE L EF DL TE T EFEEF LT e
M ante = w dEdgagoYofadnEs SE5EE HZZ3285i0258HE"230558%5 = TRatRAIRgUTTEY gmEEs EEEEASZzszRAR
S L = 10 .
Trstan Da Canva pu = o
= . P5 (2014) Jason-2 P6 (2019) Jason-3 P5 (2014) Jason-2 P6 (2019) Jason-3
Port Marady [ — o
F:D:SE - - = = e ' ' ' ! ! ! ' i i N ' Y i ' 0.002m 2 0.002, n 00058 Slight i t with DTRF2020 T 00058 T
c'%a%% c o - ——— 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2p22 I e 7 | ight improvement wi Slight degradation with DTRF2020 |
Kr“ﬁé%gz — f 30 ' * * * J | . ) I 0 L | L, .1, I il 1, 0'001_ I III | I | I I | 0004 Oy llll'l mm 'Il_l""ll'l S TRLERI 110 11 & Lk L
Pwth:’c{génﬁ : g g : % | % 07I II IIIIIII 1 I | I ||_| ' | I_Illll IIIII lI ||l||.||||l ‘é i é | | || | |
Yuzhno-Sonaid = = :-'_-_ : - i -0.002 g N k] 3
ik £ - g ' | g g 0WIr 2 0.003 2 0.005
Le Lamgntn - = 4 = r 3] 5 ks
e : - 2 ﬁ I = 0004 2 -0.002 g | g
e e o 1 = -0 = = = P i )
— —— DORIS site disponibility from = | I “ 2 - Degradation with ITRF2020 for Arequipa 5 00T 3 0.0, 2 ool
ZZZZZZI E “‘ 3_. § g j-‘;
jéjjjj - — [S)RI;IREI;ZOZO EPZg]gH lTRbﬁggig ' ﬁ % e z '0'004_ Slight improvement with ITRF2020 except g i g B ]
L — m M o i i i H
i 1 between 1993.0 and 2021.0. ’ " 1994 ' 1996 1998 ' 2000 ' 2002 ' 2004 ' 2006 " 2008 2010 2012 2014 2016 2018 ' 2020 2022 - -0.008 e '0-005_ for few stations, in particular Areguipa ] 2 0.001 B 0015
| ot memvreRn T | | ] | | L L T I | L | 001“_ —0'006_ ] 0“_ II |I.II|I|II-I| NI Illl|.|l|. IInII 1 |||.| 002:
DTRF2020 ITRF2020 £ o0 | ] | I D | D == Ezzaeszoss = 23%43HEJI08E B EEEEEFEFEREEEEECEE RS R EEEE850550 EEREIE * - 29250485038 EEEEEELEEEFEREEEEE RS R R e P ERE
(=3
_— VLBI (up to 2013.75) and 2 ! N I
Scale definition VLBI and GNSS SLR (since 1997.7) ng W [ | 11 ]
Origin definition SLR SLR g 0 mni iui | .ﬂ Conclusions
Number of Sites 78 87 ' ﬁ lea 3
Number of Stations 192 201 T T T T e « |ITRF2020 and DTRF2020 DORIS versions are based on the IDS contribution to the * DORIS POD tests with ITRF2020 and DTRF2020
Number of discontinuities 093 86 ITRF2020 (IDS 16 weekly SINEX files). DORIS residuals RMS differences global and by station
@56 stations @41 sites @54 stations @38 sites - QO Similar East, North and Up
Number of position/velocity sets 272 287 193.0.2002.5 19,88 £ 329 1994 2337 performance and patterns  for « |ITRF2020 includes more stations/sites than DTRF2020 since DGFI rejected 9 sites with DPOD2014-v5 vs ITRF2020
Number of sites with post-seismic deformation correction 1 8 2002.5-2008.5 10.35+ 2.00 10.46 + 1.95 DTRF2020 and ITRF2020 short time spans (shorter than 2.5 years). Very small differences but:
Fast 20085-2021.0 6.95+0.97 7.20+0.96 ' * In addition, DGFI did not provide 12 time segments of 9 stations. slight improvement with ITR2020 except in 2004
. i _ _ _ ] _ 2021.02022.75 1009+1.25 1081+1.19 ) ) and note a degradation for Arequipa in 2014 and in 2019, an improvement
d DGFI did not mclud_e sites with less than 2.5 years of _observatlon. Ajaccio, 1993.0-20025 13062268 naiszee = Degradation post-2021.0_ IS mostly - IDS 19 (extension of IDS 16) scales wrt DTRF2020 and ITRF2020 show an overall bias for Ascension in 2009
Flo_res, Hua}hlne, Iquique, Lifou, Ny-Alesund I, Paramushir, San Juan and Tana North zzzzzzz:z zz;i ;Z;: due to the time evolution of the mostly due to the DTRF2020 and ITRF2020 scale definitions .
=» 9 sites/stations less compared to ITRF2020. —— ———— —— DORIS station network. « IDS 19 scale and X-translation wrt DTRF2020 and ITRF2020 depict trend differences up to DPOD2014-v5 vs DTRF2020
FTp— — — late 2004. These patterns may be due to how the beacons equipped with Alcatel antennas Very small differences but:
Q In addition, DGFI did not provide mean positions and velocities for 12 time 2002.5-2015.9 8.25+ 146 817+ 147 were processed. Note that a new Alcatel phase law was implemented for the ITRF2020. slight improvement with DTR2020 in 2014

- 2008.5-2021.0 6.00 +0.82 5.98 +0.82 S|Ight degradation in 1999, 2004 and 2019

segments associated with 9 stations (Arequipa, Ascension, Colombo, Easter- _ - _ . _ : o
DTRF2020 and ITRF2020 give very similar IDS 19 station position residuals results. and note an improvement for Ascension in 2009

Island, Everest, Goldstone, Krasnoyarsk, Ny-Alesund, Santiago).
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