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1. Introduction

The goal isto process GPS datain the commonly adopted ETRS89 system and taking
full benefit of most recent fiducials or GPS ephemerides as provided by 1GS.

Basic principles has been agreed by the TWG to define the procedure described be-
low. They can be summarized according to thisway:

1. totake full benefit of the successively improved realizations of the IERS Terrestrial
Reference System (ITRS), known as I'T R Fyy (published in the IERS Annual Re-

port for YY). This realization consists into a list of points (station references or
markers) together with:

e positionsat epoch ¢y, X{-(to)
o velocities X/,
so that the position of a point at epoch ¢ will be:

Xiy (1) = X{y(to) + X}I/Y'(t —1o)

2. to accept that the general model for transformation from a system A to asystem B
will be:

XB X4 T1lam Dsp —R3ap R24nB X4
Y | =1 Ya |+ T248 |+| R34nB Dsp —Rlap Yau
ZB Z4 T34 B —R2,p Rlap Dup Z4

where the transformation parameters can be linearly dependent of time. So, for a
transformation parameter P, we have: .

Pag(t) = Pag(to) + Pap x (t —to)



3. toaccept that any new framevalidated by the TWG woul d have minimum systematic
shift with regard to the EUREF89 frame, but would stick to its own scale especially
if it is significantly more accurate than the scale underlying EUREF89.

Inadditionto these principles, thefullfilment of the Bern Resol ution concerning ETRS89
should be clearly realized.

2. Specificationsfor realizationsderived from I TRF

As previously described (Boucher and Altamimi, 1992), one can derive from each
annua frame determined by IERS under the label /T R Fyy, a corresponding frame in
ETRS89, which will beitself labelled ET R Fyy .

The detailed specifications to establish KT RFyy are:

1. Selection of points

All points corresponding to sites belonging to I TRF and located in Europe (nomi-
nally up to Oural) will be selected.

Occasionally additional markersor pointscan be added (RETRIG markers, new GPS
tracking, other systemssuchasDORISor PRARE...) if local eccentricitiesareavail-
able between it and some point already existing in ITRF.

2. Coordinates and velocities
These values are obtained as the following:

e (a) computeat 89.0inITRS

X13(89.0) = XLy (to) + Xi&y % (89.0 — to)
e (b) computein ETRS at 89.0:

XE.(89.0) X1..(89.0) Tlyy
YE.(80.0) | = | v:0.0) |+ T2y
7E..(89.0) 741-(89.0) T3yy

where Tyy isgivenin Appendix 1.
¢ (C) compute velocity in ETRS:

):(}EY X{/Y 0 —R3yy R?YY Xy
YYEY = YYIY + R?)YY . 0 — Rlyy X Y};Y
VA Ziy —R2yy Rlyy 0 iy

where Ryy isgiven in Appendix 2.



3. Specificationsto compute a EUREF GPS campaignin ETRS 89

Given a set of GPS measurements referred to a central epoch ¢.., the procedure will
be:

1. to processdatain ITRS at epoch ¢.

For that purpose, use recent /7T RFyy . If 1IGS ephemerides are used, take the Y'Y
corresponding to the one used by IGS to generate the ephemerides.

The stations used for GPS tracking during this campaign and for which accurate
(cmlevel) coordinatesare availablein I'T R F'yy will be held fixed (or strongly con-
strained) to the values:
Xy (te) = Xy (to) + Xiy X (to — to)
The results are then al consistent with /7' R F'yy at epoch ...
2. convertinETRS89 at ¢, :

0 —R3yy R?YY
XP(t) = Xiy(t)+Tyy+| R3yy 0 —Rlyy | x Xy (1.).(t.~1989.0)
—R'ZYY Rlyy 0

where Tyy isgivenin Appendix 1 and Ryy in Appendix 2.

3. toexpressat 89.0:

XP(89.0) = XE(t.) + X¥.(1989.0 — 1)

where X is an estimation of the velocity of the station in ETRS. For stable part,
onemay use X = 0.

4. Appendix 1: Estimation of shift 7yy
Two solutions are available:

A) use estimated global offsets between successive ITRFyy. Table 1 gives the pa-
rametersfrom Y'Y to 89 at epoch ¢, and Table 2 their secular changes.

If we define X as the barycenter of the ETRF89 network, then the transformation
parameters at 89.0 are:

Tyyseo = Tyyso(to) + TYY,89 % (89.0 — 1)
Dyysg = Dyyso(to) + DYY,89 X (89.0 — 1)



Ryvgo = Ryyﬁgg(to) + RYYﬁgg X (89.0 — to)
and the equivaent shiftis:

Dyyss —R3yyse R2yygso )
X

Tyy = Tyyso + ( R3vvs9 Dyyss —Rlyygso
—R2yys9 Rlyysg Dy vy s9

B) compute shift on ETRF89 stations. Compute 7yy by a 3 parameters fit between
X£2(89.0) (or EUREF 89 values) and X{.,-(89.0)

Table 3 givesthe estimations of 7y-y according to A and B. Since the two estimations
are equivalent regrading the error bars, we recommend the use of case A values.

Table 1: Transformation parametersfrom /7' RFyy to ITRF89
From T1| T2 T3 D| R1 R2| R3| ¢ |Ref.
cn| cm| cm| 107® | mas| mas| mas| y |IERSTN
ITRF90 05| 24| -38| 034| 00| 00| 00880 |9
ITRF91 06| 20| -54| 037 00| 00| 0088012
I TRF92 17| 34| -60| 051| 00| 00| 0.0|880]15
ITRF93 19| 41| -53| 039|0.39|-0.80|0.96 |88.0 |18
ITRF94 23| 36| 68| 043 00| 00| 0088021
I TRFO6 23| 36| 68| 043| 00| 00| 0088024
ITRF97 23| 36| 68| 043 00| 00| 0088027
ITRF2000 | 297 | 421 | -865| 0585 | 00| 00| 0.0|97.0

Table 2: Rates of change of the transformation parametersfrom /7' R Fyy to I TRF89

From T1 T2 T3 D R1 R2 R3 | Ref.

cmly | ecmly | ecmly | 1078 /y | madly | masly | masly | IERSTN
I TRFO0 00| 00 0.0 0.0 0.0 0.0 0.0
I TRFI1 00| 00 0.0 0.0 0.0 0.0 0.0
I TRF92 00| 00 0.0 0.0 0.0 0.0 0.0
I TRF93 0.29 | -0.04 | -0.08 0.0 011 019 -0.05 |18
I TRF94 00| 00 0.0 0.0 0.0 0.0 00|22
I TRF96 00| 00 0.0 0.0 0.0 0.0 00|24
I TRF97 00| 00 0.0 0.0 0.0 0.0 0.0 | 27
ITRF2000 | 0.0 | -0.06 | -0.14 0.0 | -0.001 | 0.004 | 0.019




Table 3: Estimation of Ty

YY T1| T2 | T3
cm|{cm| cm
89 O O 0
19|28 -23

90
26| 25| -26
07,07 | 0.7
21125]|-37

91
23121|-31
07,07 | 07
38|40 -37

92
43|34 |-32
08|08 | 08
1953 -21

93
10|59 -14
05|05 06
41141 -49

94
29|43 | -36
04,05 05
41141 -49

96
3941 -39
04]04| 04
41141 -49

97
34|44 |-43
04]04| 04
54151|-48

00
42 51| -46
04]04| 04

HWm >»H®T >»H® >»HT >XH® PHT >HT DHT >

5. Appendix 2: Estimation of Ryy

Sincethe associated velocity fields of ITRF89 and | TRF90 are computed using AMO-
2 model (Minster and Jordan, 1978), Ryy will betheangular velocity of the Eurasian plate
in this model.

On the other hand there are two estimated vel ocity fields associated with ITRF91 and
I TRFI2 respectively. In these two frames, the orientation time evolution was ensured by
aigning the corresponding velocity fields to NNR-NUVEL-1 model (Argus et Gordon,
1991, De Mets et a, 1990). So for 91 and 92, Ryy corresponds, conventionally, to the
angular velocity of the Eurasian plate in NNR-NUVEL-1 model.



The morerecent geophysical model NNR-NUVEL-1A (DeMetset al, 1994) has been
used asreferencein thel TRF93 vel ocity field computation. It should be noted that thereis
arotationrate betweenthe I TRF93 velocity field and theNNR-NUVEL -1A model (Boucher
et al, 1994). Consequently for 93, Ryy correspondsto theangular velocity of the Eurasian
platein NNR-NUVEL-1A model to wich we added the rotation rate between the ITRF93
velocity field and the NNR-NUVEL-1A model.

Asthe time evolution of the ITRF94 is consistent with the model NNR-NUVEL-1A
(Boucher et al, 1996), then the Ry corresponds, conventionally, to the angular velocity
of the Eurasian plate in thismodel.

The reference frame definition (origin, scale, orientation and time evolution) of the
ITRF96 is achieved in such away that ITRF96 isin the same system as | TRF94 (Boucher
et a, 1998). Consequently, Ryy isthe same asfor ITRF94. This same statement is also
valid for ITRF97.

For thefirst time, the I TRF2000 combinesindividual solutionsthat are free from any
plate motion model. Itsoriginis defined by a weighted average of most consistent SLR
solutions. Itsscaleisdefined by most consistent SLR and VLBI solutions. Its orientations
isaligned to the ITRF97 at epoch 1997.0 and its orienation rate follows, conventionaly,
that of NNR-NUVEL-1A model. The ITRF2000 velocity field was used to estimate angu-
lar velocities of 6 mgjor plates, including Eurasia, showing significant disagreement with
NUVEL-1A predictions. It is therefore recommended to use for Ryy the components of
the Eurasian angular vel ocity estimated from I TRF2000 vel ocities of 19 European sites of
high geodetic quality. For more details, see (Altamimi et al., 2001).

Table 4 summarizesthe values of Ryy.

Table 4: Estimation of Ry

YY R1 R2 R3
masly | masly | mady

89 0.11 0.57 -0.71
90 0.11 0.57 -0.71
91 0.21 0.52 -0.68
92 0.21 0.52 -0.68
93 0.32 0.78 -0.67
94 0.20 0.50 -0.65
96 0.20 0.50 -0.65
97 0.20 0.50 -0.65
00 0.081| 0490 | -0.792
+0.021 | £0.008 | +£0.026
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