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1.

Introduction

The goal is to process GPS data in the commonly adopted ETR&88hs and taking

full benefit of most recent fiducials or GPS ephemerides agged by IGS.

Basic principles has been agreed by the TWG to define the prozdéscribed below.

They can be summarized according to this way:

1.

to take full benefit of the successively improved realreg of the IERS Terrestrial
Reference System (ITRS), known BS RFyy (published in the IERS Annual Report
for YY). This realization consists into a list of points (stati@fierences or markers)
together with:

e positions at epochy, Xi (to)

o velocitiesX{,

so that the position of a point at epoctvill be :

X{,Y(t) = XXI/Y(tO) + X}Ify-(t - tO)

to accept that the general model for transformation frayséem A to a system B will
be:

Xp Xa Tlap Dap —R3ap R2ap Xa

Y | =| Ya |+ | T248 |+ | R3an Dasp —Rlap Y4

Zp Zy T34 —R2.p Rlap Dap Z
where the transformation parameters can be linearly degmeioditime. So, for a trans-

formation parameter P, we have: .

PA,B(t) = PA7B(t0) + PA,B X (t — to)



3. to accept that any new frame validated by the TWG would hanwenmim systematic
shift with regard to the EUREF89 frame, but would stick to iecscale especially if
it is significantly more accurate than the scale underlyigREF89.

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

2. Specifications for realizations derived from ITRF

As previously described (Boucher and Altamimi, 1992), omedexive from each annual
frame determined by IERS under the lali€lRFyy, a corresponding frame in ETRS89,

which will be itself labelledE'T R Fy-y .
The detailed specifications to establBi’'RFyy are:

1. Selection of points
All points corresponding to sites belonging to ITRF and ledah Europe (nominally
up to Oural) will be selected.

Occasionally additional markers or points can be added (RETRa&rkers, new GPS
tracking, other systems such as DORIS or PRARE...) if localr@ccdies are avail-
able between it and some point already existing in ITRF.

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

e (a) compute at 89.0in ITRS

X7T.(89.0) = XLy (to) + X{y x (89.0 — ty)
e (b) compute in ETRS at 89.0:

XE.(89.0) X1,(89.0) Tlyy
YE(89.0) | = | Y (89.0) | + [ T2yy
ZE(89.0) ZL.(89.0) 1T3yy
whereTyy is given in Appendix 1.
e (c) compute velocity in ETRS:
Xfy Xy 0 —R3yy Ry Xy
YW | = Yy |+ R3yvw 0 —Rlyy | x| Yy
Z %y Ly —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 épdble procedure will be:

1. process data in ITRS at epoth For that purpose, use recditRFyy. If IGS ephemerides
are used, take thBY corresponding to the one used by IGS to generate the eploEseri
The stations used for GPS tracking during this campaign and/iich accurate (cm level)
coordinates are available i’ R Fyy should be constrained to the values:

Xxlfy(tc) = X)I/Y(to) + X)Ify X (te —to)
The results are then all consistent withRFyy at epoch..

2. convert in ETRS89 at.. There are two possible cases to express ITRS coordinates in
ETRS89 at epoch.:

2a. GPS data are processed in ITRFyy (e.g. ITRF97) and the targeSBI frame is
ETRFyy (e.g. ETRF97). In this case the following equation $thbe used:

0 —R3yy R2yy
XP(t) = Xyy(te) + Tyy + | R3yy 0 —Rlyy | x X{y(t).(t. — 1989.0)
—R2yy Rlyy 0

The estimation procedure &%y is described in Appendix 1 and & in Appendix 2. The
corresponding values are listed in Table 3 and 4 of Appendix 3

2b. GPS data are processed in ITRKe.g. ITRF2005) and the target ETRS89 frame is
ETRF,, (e.g. ETRF93). In this case two-step procedure should beeabpl

1. Transform ITRE, coordinates af. into ITRF,, using the IERS/ITRF published values
which could be derived from Table 1 and 2 of this memo;

2. Use the cas@a)formula above allowing to transform from ITRFto ETRFE,,.

Note that the above two-step procedure could be replacech&step procedure using 14-
transformation parameters as described in the followiragptzr.

In the context of a GPS campaign, it is no longer recommendgutdpagate the station
coordinates by means of whatever intra plate velocitieshercepoch than the central epoch
t. of the used observations.

4. TWG Recommendation

In order to harmonize future realizations of the ETRS89 di/&arope, the EUREF Tech-
nical Working Group (TWG) recommends not to use the ETRF20@brather to adopt the
ETRF2000 as a conventional frame of the ETRS89 system. Thisideavas taken by the
TWG, noticing that coordinate shifts at epochs posteriora8910 occur between ETRF

frames which are originally due to equivalent shifts betw#e global ITRF frames. This
is the example of coordinate shifts at epochs posterior 8 IBbetween ETRF2000 and



ETRF2005. These shifts are due, mainly, to the Z-translatid® of 1.8 mm/yr between
ITRF2000 and ITRF2005 as well as to the refined rotation rateegaf?yy) listed in Table
4. Therefore the adoption of the ETRF2000 as a conventionaidrof the ETRS89 real-
ization will minimize the coordinate shifts at epochs pasteto 1989.0 between different
iImplementations of the ETRS89 in different European coastriConsequently, the Euro-
pean countries who will adopt the ETRS89 or want to redefing tisional systems are
encouraged to adopt the ETRF2000 frame and to express thgonstoordinates in that
frame. The general procedure consists of two-step tramsfibon:

e Transform ITRE, coordinates at the central epoch of the used observatitmsiRF2000
using the IERS/ITRF published values which could be derivethfifable 1 and 2 of
this memo;

e Use the usual transformation formula of this memo allowogansform from ITRF2000
to ETRF2000.

In fact the two-step transformation procedure could bequeréd in one step using 14 trans-
formation parameters. Table 5 lists as an example theserampéers to be used when trans-
forming ITRF2005 into ETRF2000. These parameters were cozdpay the summation of
the transformation ITRF2005-To-ITRF2000 and ITRF2000-TAREZ000. The transforma-
tion ITRF2000-To-ETRF2000 consists of the translation patans which are taken from
Table 3 of this memo and the rotation rates from Table 4, wdsetiee rotation parameters at
epoch 2000.0 are computed by multiplying the rotation rhje$1, i.e. (2000.0 - 1989.0).
The user should be aware that the transformation paranietiexd in Table 5 are expressed
at epoch 2000.0. Since the transformation should be peedran the central epoch, ] of
the used observations, then these transformation paresystteuld be propagated at epoch
t., using:

P(t.) = P(2000.0) + P.(t. — 2000.0)

whereP designates the rate of any one of the 7 parameters. Theth&o¥eparameters propa-
gated at epoch. should be used to transform GPS coordinates from ITRF2005RH2000.

Moreover, in order to benefit from the ITRF2005 solution, tW#G has also recommended
that all European stations coordinates (GPS, VLBI, SLR andRIE) which are available
in the ITRF2005 to be expressed in the ETRF2000 frame and tahmltesulting set of
coordinates (positions and velocities) ETRF2000(R05). Tistiss well as previous ETRF
lists are available at:

ftp://itrf.ensg.ign.fr/pub/euref/

It should be noted that this general two-step (or 14 paranratesformation) procedure could
be applied to any other ETR[Finstead of ETRF2000. For instance, if a country has adopted
ETRF93 and for legal reasons wants to stick to that frame, ttinGPS station coordinates
expressed in recent ITRF version (say ITRF2005) should firgtemsformed in ITRF93 and
subsequently transformed in ETRF93 using the formula ofrti@ao.

5. Appendix 1: Estimation of shift Ty

Two solutions are available:



A) use estimated global offsets between successive JJRFable 1 gives the parame-
ters fromY'Y to 89 at epochy, and Table 2 their secular changes.

If we defineX as the barycenter of the ETRF89 network, then the transfamat-
rameters at 89.0 are:

Tyygo = Tyygo(to) + Tyy,sg x (89.0 — t)

Dyygg = Dyyso(to) + Dyy,sg X (89.0 — tp)

Ryygsg = Ryyso(to) + Ryy,gg X (89.0 — tg)
and the equivalent shift is:

Dyvygy —R3yygy R2yygg )
X

Tyy = Tyyzgy + < R3yvyg9 Dyygy —Rlyygg
—R2yyg9 Rlyygg Dy g9

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

Table 3 gives the estimations @f-,- according to A and B. Since the two estimations
are equivalent regrading the error bars, we recommend thefusase A values.

6. Appendix 2: Estimation of Ryy

Since the associated velocity fields of ITRF89 and ITRF90 anepeted using AMO-2
model (Minster and Jordan, 19783,y will be the angular velocity of the Eurasian plate in
this model.

On the other hand there are two estimated velocity fieldsczssa with ITRF91 and
ITRF92 respectively. In these two frames, the orientatiametievolution was ensured by
aligning the corresponding velocity fields to NNR-NUVEL-1 d&b (Argus et Gordon, 1991,
De Mets et al, 1990). So for 91 and 9B;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 etl8P4) has been
used as reference in the ITRF93 velocity field computatioghduld be noted that there is a
rotation rate between the ITRF93 velocity field and the NNR-NEUVLA model (Boucher et
al, 1994). Consequently for 9B, corresponds to the angular velocity of the Eurasian plate
in NNR-NUVEL-1A model to wich we added the rotation rate betwehe ITRF93 velocity
field and the NNR-NUVEL-1A model.

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

The reference frame definition (origin, scale, orientatsord time evolution) of the
ITRF96 is achieved in such a way that ITRF96 is in the same syateiMRF94 (Boucher et
al, 1998). Consequentlyyy 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 weighted averaigmost consistent SLR so-
lutions. Its scale is defined by most consistent SLR and VLBIt&ms. Its orientations is
aligned to the ITRF97 at epoch 1997.0 and its orientationfaditevs, conventionally, that of



NNR-NUVEL-1A model. The ITRF2000 velocity field was used tomsite angular veloci-
ties of 6 major plates, including Eurasia, showing signiftadisagreement with NUVEL-1A
predictions. It is therefore recommended to use Bgx, the components of the Eurasian
angular velocity estimated from ITRF2000 velocities of 19dpean sites of high geodetic
quality. For more details, see (Altamimi et al., 2002). dsavelocity field of 152 sites of
high quality extracted from the ITRF2005 solution (Altamietial., 2007), absolute rotation
poles of 15 tectonic plates (including Eurasia) were edthalhe components of the Eura-
sia plate rotation pole are those corresponding to the salfi®yy listed in Table 4 to be
used in the transformation from ITRF2005 to ETRF2005.



7. Appendix 3: Tables

Table 1: Transformation parameters froffi' R Fyy to ITRF89
From T1| T2 | T3 D| R1 R2| R3] t;, | Ref.
cm|cm| cm|107® | mas| mas| mas| y |IERSTN
ITRF90 05(24|-3.8| 0.34] 0.0] 0.0| 0.0/88.0]|9
ITRF91 0.6(20|-54| 0.37| 0.0| 0.0| 0.0/88.0]12
ITRF92 1.7/34|-6.0| 051| 0.0 0.0| 0.0|88.0|15
ITRF93 19/4.1|-53| 0.39|/0.39|-0.80| 0.96| 88.0| 18
ITRF94 23|3.6|-6.8| 0.43]| 0.0| 0.0/ 0.0]/88.0|21
ITRF96 23/36|-6.8| 043| 0.0 0.0| 0.0/88.0(24
ITRF97 23/36|-6.8| 043| 0.0 0.0| 0.0|88.0|27
ITRF2000| 3.0| 4.2 | -8.7| 0.59| 0.0/ 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 foifiFyy to ITRF89

From T1 T2 T3 D R1 R2 R3 | Ref.

cmly | cmly | cmly | 1078 /y | masly| masly| mas/y| IERS TN
ITRF90 0.0/ 0.0] 0.0 0.0 0.0 0.0 0.0
ITRFI1 0.0, 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 0.0, 0.0| 0.0 0.0 0.0 0.0 00|24
ITRF97 0.0, 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: (cont’d)
Al41]41]-

Table 3: Estimation oflyy
YY T1| T2 | T3 94
cm|cm| cm B|29]|43|-3.6
89 0O O 0 +104,05] 05
Al19]28]-23 Al41]41]-49
90 96
B|26|25]|-2.6 B|39/4.1]|-39
+10.7|0.7] 0.7 +104|04| 04
Al21]25]-37 Al41]41]-49
91 97
B|23|21]|-3.1 B|34,44|-4.3
+10.7|07| 0.7 +104|04| 04
A|38]40]-3.7 A|54|51|-4.8
92 00
B|4.3|34]|-3.2 B|42|51|-4.6
+10.8/0.8| 0.8 +104/04| 04
A|19]53]-21 A |56]|48]-3.7
93 05*
B|1.0|59|-14 B|3.6|42]|-4.1
+]105/05| 0.6 +104/04| 04

* See TWG recommendation in 84



Table 4: Estimation ofRyy

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

* See TWG recommendation in 84

Table 5: Transformation parameters from ITRF2005 to ETRF2808poch 2000.0
and their rates/year

T1| T2 T3 D R1 R2 R3
mm | mm mm | 107° mas mas mas
54.1| 50.2| -53.8| 0.40| 0.891| 5.390| -8.712
Rates| -0.2| 0.1| -1.8| 0.08| 0.081| 0.490| -0.792
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