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1. MOTIVATION

For applications in Earth sciences, navigation, and astronomy the
celestial (ICRF) and terrestrial (ITRF) reference frames as well as
the transformations among them (EOP) have to be consistent.
The current conventional frames and EOP are
ITRF2008 based on VLBI, SLR, GNSS and DORIS data until
2008

2. APPROACH

Various consistency studies are carried out. First of
all, the effect of unmodeled geophysical signals in .
the reqgularized  coordinates of ITRF2008 is

= Software: VieVS with adaptations (GFZ internal version)

Data: geometrically stable sessions of the GFZ VLBI solution
(ITRF2013 contribution) from 1984-07-09 to 2013-12-31

assessed: fixing ("FIXED"”) and not fixing ("FREE")
station coordinates on catalogue values. Next, the
EOP are determined using the same VLBI data but

TRF Reference Comment

ICRF2 based on VLBI data until 2009

IERS 08 C04 until 2008 consistent with ITRF2008, then
extended using a weighted combination of EOP solutions and
combinations

fixing different
similarity
compared with the mean EOP differences. Finally,
the consistency is evaluated using different a priori

TRFs.
transformations)

Global
among

rotations
frames

(from

are

ITRF2000

Altamimi et al., 2002

Data until 2000

ITRF2005

Altamimi et al., 2007

Data until 2005

ITRF2008

Altamimi et al., 2011

Data until 2008

VTRF2008

Bockmann et al., 2010

Data until 2008, VLBI-only frame

A complication for the assessment of the consistency among
frames and EOP is that the frames are global parameters, while
the EOP are determined as local parameters.

EOPs and celestial reference frames. DTRF2008 Seitz et al., 2012 Data until 2008, different combination

approach

Table 1. Different TRFs used in this study

b)

3. UNMODELED GEOPHYSICAL SIGNALS .

WM differences (Fixed vs. Free) WRMS differences (Fixed vs. Free)
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The differences of the TRFs are assessed by fixing station coordinates on

catalogue values. Since station coordinates are usually estimated in VLBI ~ figure 1. (a) WM and (b) WRMS o |

| F o th Tos i oiE e ina FIXED FREE differences between EOP estimated g %100 ‘
analyses we first assess the effect of this approach. Comparing VS. Usingl rxedand: ‘ree ITRFZ008 :e |
w.r.t IERS 08 C04 results in coordinates )| 1 | | ) = __
- strong decrease of the correlation and large rms for x,,, y,, and slightly for . |
dUT1 (table 2) 20| 1 B
- drifts show similar values using FIXED or FREE approach (exception: y,) O M My AT Ay O My My aaUTi ax o aY

- celestial pole coordinate AY shows a small drift (table 2).
Weighted Mean (WM): Fixation of ITRF catalogue values
EOP 1TRF2098 FIXED 1TRF2003 FREE PAXED vs TREE VEIlE 2, B0 FEshalials [(iEs o |Is o causgs insi nificant( wej )hted mean differences of tghe EOP
shift | drift | rms shift | drift | rms correlation UT1) w.r.t. IERS 08 C04 between 9 < '
Ax,,(pas) | -17.4 -2.5+0.5 289.5 [-28.2 -25+0.5 430.8 0.49 solutions  using  fixed and free _ -
Ay (pas) | -0.6 1.2 £0.4 2384 |-341 41+05 420.3 0.44 ITRF2008 coordinates. Shift (referred Weighted Root Mean Squared (WRMS): Fixation of ITRF
i sl spody Z000D) @inel it WEngs catalogue values causes scatter of about 150 pas on the
AdUT1(ps) 5.7 -0.2 +£0.03 16.6 6.0 -0.2+0.03 26.0 0.61 (yri) are estimated by WLS. g_ ) 2
AX(pas) 1.2 0.6 + 0.2 124.5 0.7 0.4+ 0.2 127.5 0.95 Correlation between both series is terrestrial pOIe coordinates (Xpol and YDO|)I 90 MasS on dUTl,
AY(pas) 14.5 -3.2+0.2 133.0 | 15.2 -3.3+0.2 132.7 0.94 R0 shown. and 20 pas on the celestial pole coordinates.

4. EOP DIFFERENCES USING DIFFERENT TRF

a) 150 WM differences w.r.t. ITRF2008 b) 250 WRMS differences w.r.t. ITRF2008
5 . | w 5 i [ [
ITRF2000: large WM, WRMS and shifts (X,o, Yo @and dUT1) w.r.t. ITRF2008 o S R
[ ITRF2005
. [ |VTRF2008
VTRF2008: large WM (140 pas), WRMS (120 pas), and drift (-18.6 pas yrl) for i M DTRF2008 Figure 2. (a) WM and (b) WRMS
Yool (Single-technique vs. multi-technique) g 0 B differencés between cOP
s S
S -50F o : :
DTRF2008: large WM (160 pas) for dUT1, what is remarkable because both TRF : figrggge(% o) GllierRmt TR Wit
are based on the same data o
-150
Celestial pole coordinates do not show significant effects (WM and WRMS about 5 200 o o BIBEETREHEEE
uas and 10 pas respectively) co
Table 3. Differences in EOP (uas TRF — Axml_(“as) — Ayml_(l"as) _ AdUTl_(“S) f - —ax _(|.|as) - =L gpaS) ’
or us for UT1) between solutions shift | drift | rms shift | drift | rms shift | drift | rms shift | drift | rms shift | drift | rms
using different TRFs w.r.t. ITRF20055,.4 | 10.9 4.8 £0.3 129.7 -33.2 -7.6+0.3 143.1 6.8 -0.4+ 0.01 6.6 -2.5 0.1 +0.1 30.6 1.2 0.01 £ 0.1 35.9
ITRF2008.  Shift  (referred at [ 7TRF2000,;, 92.1 16.7+0.9 344.9 | -143.5 -7.4+1.2 460.4 55 -0.2+0.05 185 | -1.1 0.1+0.1  31.6 0.9 0.1+ 0.1 38.9
epoch 2000.0) and linear trends ed
(yrl) are estimated by least | VTRF2008;..4 | -28.2 -5.1+£0.3 1244 -38.8 -18.6+ 0.2 92.8 6.1 -0.2 £ 0.01 5.3 -1.0 0.1 +£0.1 36.0 0.4 -0.2 £ 0.1 40.3
squared (LS). DTRF2008;..,| 39.3 -43+0.3 101.1 -4.5 0.9+0.2 76.0 11.3  -0.1 £0.01 4.3 -0.5 0.1 £0.1 28.4 0.5 -0.1 £ 0.1 34.4

7. ICRF2 vs. ICRF1-ext.2
ICRF2 ICRF1 ext.2

\/

ITRF2008
IERS 08 C04

5. GLOBAL ROTATIONS (SIMILARITY TRANSFORMATION): ITRF2005 W.R.T. ITRF2008

Figure 3 and table 4. Global rotations (R1,
R2, R3) for each VLBI session from similarity
transformation  versus ERP  differences
between ITRF2005 w.r.t. ITRF2008. Shift
(referred at epoch 2000.0) and drift (yri) are
shown.
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6. EOP DIFFERENCES USING DIFFERENT A PRIORI EOP

I C RF 2 a) 60 WM differences w.r.t. casle 1 b) 180 WRMS differen?es w.r.t. clase 1 | |
IT R F 2 0 0 8 . I - = g::: 2 :: g::g : " = A Ay dLIJT1 AX A“( | Ax Ay AdUT1 AX AY
Case 2: . 5120 Figure 5. (a) WM and (b) WRMS differences between EOP estimated with ICRF2 and ICRF1 ext. 2.
[ ] . g e %_100— 1
SEREL ERP: IERS 08 C04 | |Case3: : : |
IERS 08 C04 IAU 2000/2006 USNO FINALS e 60 : ICRF2 ICRF1
(I‘IO FCN model) '60: 0 I I | shift I drift I rms shift I drift I rms
NN N | || A 11 I | -17.0 -2.6+0.5 312.4 | -22.3 -2.9+0.5 316.3
EOP Case 2 vs. Case 1 Case 3 vs. Case 1 To  Mpa AT A A Te S admax A -0.4 1.2+0.4 263.1 8.0 0.6+0.5 268.8
shift | drift | rms shift | drift | rms Figure 4. (a) WM and (b) WRMS differences between EOP estimated 5.8 -0.2+0.03 18.5 4.7 -0.2+0.03 19.1
DX, 2.2 -0.3+0.2 66.0 2.0 -0.3+0.2 90.7 with different a priori EOP. -1.2 0.7x0.3 135.6 8.7 1.3+0.3 147 .4
Aypol -2.7 0.3£0.1 52.8 -3.7 0.5+0.2 /7.4 14.5 -3.1+0.3 145.9 10.0 -2.1£0.3 162.9
AdUT1 . .0x0. . -U. .0x0. .
0.0 PEOR=EA0N otz Lol 0.0=0.01 7.0 Table 5. Differences in EOP (uas or us for UT1) between solutions using Table 6. Differences in EOP (uas or us for UT1) between solutions using
— -36.1  -1.9x0.5 174.7 2.3 -0.3+0.2 61.4 different a priori EOP series. Shift (referred at epoch 2000.0) and linear ICRF2 and ICRF1 ext. 2 w.r.t. IERS 08 C04 series. Shift (referred at
AY 92.5 -0.5+0.5 180.7 -1.8 0.3+0.1 64.4 trends (yrl) are estimated by LS. epoch 2000.0) and linear trends (yri) are estimated by WLS.

8. CONCLUSIONS

» When fixing station coordinates ERP are significantly affected by unmodeled geophysical
signals. Some approaches to cope with this problem are:
d Usage of epoch reference frames
A Considering more geophysical signals in the data analysis
d Extending the TRF coordinate model to seasonal signals

» Impact of CRFs on the EOP is about at the level of the given axes stability of ICRF2 (10 pas)
and in general very small except for the small AY drift.

» Impact of TRFs on the EOP is general larger than the given level of the axes stability of
ITRF2008 (80 pas £ 80 pas yrlat 2005.0). The multi-technique combination has a large effect
on ERP.

» Remarkable EOP differences compared to ITRF2008 are:

dVTRF2008 vy,, : WM ~140 pas, WRMS ~120 pas and drift ~-18.6 pas yrt
(ICRF2 is consistent with VTRF2008!)
d DTRF2008 in dUT1: WM ~160 pas (based on the same data!)

> To achieve consistent CRF, TRF, and EOP, those have to be determined from ﬁ HELMHOLTZ
a single combined solution. | ASSOCIATION
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