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1. Introduction

The goal is to process GPS data in the commonly adopted ETRS&9sand taking
full benefit of most recent fiducials or GPS ephemerides agged by IGS.

Basic principles has been agreed by the TWG to define the proeethscribed
below. They can be summarized according to this way:

1. to take full benefit of the successively improved reaiorat of the IERS Terrestrial
Reference System (ITRS), known BER Fyy (published in the IERS Annual Re-
port for YY). This realization consists into a list of points (stati@ferences or
markers) together with:

e positions at epochy, X{ (o)

o velocitiesX{,

so that the position of a point at epotctvill be :

Xy (t) = Xy (to) + X}I/Y'(t — 1)

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

Xp X4 IRVW: Dasp —R3ap R24p X4

Y | = Ya |+| T245 |+| R3anm Dap —Rlap Ya

Zp Za T34 —R2,p Rlap Dap Za
where the transformation parameters can be linearly degperad time. So, for a

transformation parameter P, we have: .

Pup(t) = Pap(te) + Pag x (t —to)



3. to accept that any new frame validated by the TWG would hawvenrmim sys-
tematic shift with regard to the EUREF89 frame, but wouldkstits own scale
especially if it is significantly more accurate than the seaiderlying EUREF89.

In addition to these principles, the fullfilment of the Bern Blesion concerning
ETRS89 should be clearly realized.

2. Specifications for realizations derived from ITRF

As previously described (Boucher and Altamimi, 1992), one darive from each
annual frame determined by IERS under the lalERFyy, a corresponding frame in
ETRS89, which will be itself labelledT RFy-y .

The detailed specifications to establiBi’'RFyy are:

1. Selection of points

All points corresponding to sites belonging to ITRF and ledain Europe (nomi-
nally up to Oural) will be selected.

Occasionally additional markers or points can be added (RETiRarkers, new
GPS tracking, other systems such as DORIS or PRARE...) if lcxadrericities
are available between it and some point already existing/RFl

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

e (a) compute at 89.0in ITRS

XTI, (89.0) = XLy (to) + XL, x (89.0 — )
e (b) compute in ETRS at 89.0:

XE,(89.0) X1, (89.0) Tlyy

Yi5(89.0) | = | Yy (89.0) | + [ T2yy

ZE.(89.0) ZL.(89.0) T3yy

whereTyy is given in Appendix 1.
e (c) compute velocity in ETRS:

XE, X1y 0 —R3yy R2yy X{y
YW | = Y%y |+| R3vw 0 —Rlyy | x| Y
%y Zyy —R2yy  Rlyy 0 Zyy

whereRyy is given in Appendix 2.



3. Specifications to compute a EUREF GPS campaign in ETRS 89

Given a set of GPS measurements referred to a central epatie procedure will
be:

1. to process data in ITRS at epach

For that purpose, use recefif RFyy. If IGS ephemerides are used, take thg
corresponding to the one used by IGS to generate the epluaseri

The stations used for GPS tracking during this campaign anevhich accurate
(cm level) coordinates are available I’ RFyy will be held fixed (or strongly
constrained) to the values:

Xiy(te) = Xiy (to) + Xiy X (tc — to)
The results are then all consistent withRFyy at epocht..

2. convertin ETRS89 4t :

0 —R3yy R2yy
XB(te) = Xyy (te)+Tyy+| R3yy 0 —Rlyy | xXiy(te).(t.—1989.0)
—R2yy Rlyy 0
whereTyy is given in Appendix 1 andyy in Appendix 2.

3. to express at 89.0:

XF(89.0) = XE(t.) + X¥.(1989.0 — t.)

whereXZ is an estimation of the velocity of the station in ETRS. Fobkaart,
one may use\” = 0.

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

A) use estimated global offsets between successive yJRHRable 1 gives the pa-
rameters front’Y to 89 at epochiy, and Table 2 their secular changes.

If we defineX as the barycenter of the ETRF89 network, then the transfawmat
parameters at 89.0 are:

Tyyg9 = Tyyso(to) + Tyy,sg X (89.0 — tp)
Dyys9 = Dyyso(to) + Dyysgg x (89.0 — o)



Ryysg = Ryyso(to) + Ryy,sg X (89.0 — tp)
and the equivalent shift is:

Dyygy —R3yysy R2yygg )
X

Tyy = Tyyzgy + ( R3yvys9 Dyygy —Rlyygy
—R2yygy Rlyysg Dyy g9

B) compute shift on ETRF89 stations. Complite- by a 3 parameters fit between
X% (89.0) (or EUREF 89 values) and{(89.0)

Table 3 gives the estimations 6§y according to A and B. Since the two estimations
are equivalent regrading the error bars, we recommend thefuse A values.

Table 1: Transformation parameters froffi' R Fyy to ITRF89
From T1| T2| T3 D| R1 R2| R3| ¢, | Ref.
cm|cm| cm| 107® | mas| mas| mas| y |IERSTN
ITRFO0 05/24]-38| 034 00| 0.0] 0.0/88.0]9
ITRFI1 0.6/20|-54| 037 0.0 0.0| 0.0/88.0|12
ITRF92 1.7,34|-6.0| 0.51| 0.0| 0.0f 0.0|88.0]15
ITRF93 19/41|-53| 0.39|0.39| -0.80| 0.96| 88.0| 18
ITRF94 2.3|/36|-6.8| 043| 0.0| 0.0] 0.0/88.0]21
ITRF9O6 2.3|/36|-68| 043| 0.0| 0.0| 0.0/88.0|24
ITRF97 2.3/36|-6.8| 043| 0.0| 0.0| 0.0|88.0]27
ITRF2000| 3.0 4.2|-8.7| 0.59| 0.0f 0.0| 0.0][97.0
ITRF2005| 3.0/ 3.9(-9.7| 0.63| 0.0 0.0|0.06|00.0

Table 2: Rates of change of the transformation parameters o Fyy to ITRF89
From T1 T2 T3 D R1 R2 R3 | Ref.

cmly | cmly | cmly | 1078 /y | masly| mas/y| masly| IERS TN
ITRFO0 0.0| 0.0/ 0.0 0.0 0.0 0.0 0.0
ITRFO1 0.0f 0.0, 0.0 0.0 0.0 0.0 0.0
ITRF92 0.0 0.0, 0.0 0.0 0.0 0.0 0.0
ITRF93 0.29| -0.04 | -0.08 0.0/ 0.11| 0.19| -0.05| 18
ITRF94 0.0/ 0.0, 0.0 0.0 0.0 0.0 00|21
ITRF96 0.0f 0.0, 0.0 0.0 0.0 0.0 0.0| 24
ITRF9O7 0.0f 0.0, 0.0 0.0 0.0 0.0 0.0| 27
ITRF2000| 0.0 -0.06| -0.14 0.0 0.0 0.0 0.02
ITRF2005| -0.02| -0.05| -0.32| 0.008 0.0 0.0 0.02




Table 3: Estimation oflyy
YY T1| T2| T3
cm|icm| cm
89 0| O 0
19|28 -2.3

90
26|25|-26
0.7/ 0.7| 0.7
21]25|-3.7

91
2312131
0.7]0.7| 0.7
3.814.0|-3.7

92
43|34|-3.2
0.8,0.8| 0.8
19|53|-21

93
1.0/,59|-14
05/05| 0.6
4114.1|-49

94
29]143|-3.6
0405 05
41141 -4.9

96
3914.1|-39
04]04| 04
41141 -4.9

97
34144 -43
04]/04| 0.4
54]51|-4.8

00
42|51|-46
04/04| 04
5.6|4.8]|-3.7

05
36142 -4.1
04,04 04

HO >»H®T >»H® PHT PHT PHT PHEI PHT D>HT >

5. Appendix 2: Estimation of Ryy

Since the associated velocity fields of ITRF89 and ITRF90 amgeted using AMO-

2 model (Minster and Jordan, 1978}, will be the angular velocity of the Eurasian
plate in this model.



On the other hand there are two estimated velocity fieldscaseal with ITRF91 and
ITRF92 respectively. In these two frames, the orientatioretevolution was ensured by
aligning the corresponding velocity fields to NNR-NUVEL-1 dab (Argus et Gordon,
1991, De Mets et al, 1990). So for 91 and 3&;y corresponds, conventionally, to the
angular velocity of the Eurasian plate in NNR-NUVEL-1 model.

The more recent geophysical model NNR-NUVEL-1A (DeMets £1894) has been
used as reference in the ITRF93 velocity field computatioshdtuld be noted that there
is a rotation rate between the ITRF93 velocity field and the NMRVEL-1A model
(Boucher et al, 1994). Consequently for 93,y corresponds to the angular velocity of
the Eurasian plate in NNR-NUVEL-1A model to wich we added thtation rate between
the ITRF93 velocity field and the NNR-NUVEL-1A model.

As the time evolution of the ITRF94 is consistent with the mMd#eR-NUVEL-1A
(Boucher et al, 1996), then they,y corresponds, conventionally, to the angular velocity
of the Eurasian plate in this model.

The reference frame definition (origin, scale, orientatimd time evolution) of the
ITRF96 is achieved in such a way that ITRF96 is in the same syasaifiRF94 (Boucher
et al, 1998). Consequentlfyy is the same as for ITRF94. This same statement is also
valid for ITRF97.

For the first time, the ITRF2000 combines individual solusidhat are free from
any plate motion model. Its origin is defined by a weightedrage of most consistent
SLR solutions. Its scale is defined by most consistent SLR\ABI solutions. Its
orientations is aligned to the ITRF97 at epoch 1997.0 andrientation rate follows,
conventionally, that of NNR-NUVEL-1A model. The ITRF2000 oeity field was used
to estimate angular velocities of 6 major plates, includingasia, showing significant
disagreement with NUVEL-1A predictions. It is thereforesexmended to use fdRyy
the components of the Eurasian angular velocity estimaimu 1 TRF2000 velocities
of 19 European sites of high geodetic quality. For more tgtaee (Altamimi et al.,
2002). Using a velocity field of 152 sites of high quality exred from the ITRF2005
solution (Altamimi et al., 2007), absolute rotation poléslb tectonic plates (including
Eurasia) were estimated. The components of the Eurasia pitdtion pole are those
corresponding to the values &%y listed in Table 4 to be used in the transformation from
ITRF2005 to ETRF2005.

Table 4: Estimation ofRRyy

YY R1 R2 R3

mas/y| masly| masly
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| 0.490| -0.792

+0.021| +£0.008| +0.026
05 0.054| 0.518| -0.781

+0.009| +£0.006| +0.011
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