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ITRF2005 and Plate motion:
Horizontal Site velocities with σ < 3mm/y



Differences ITRF2005 – NNR-NUVEL-1A



Selected sites for plate angular velocities estimation

Using PB 2002 Plate boundaries (Bird, 2003)Pacific 
Africa 
Amur 
Antarctica 
Arabia 
Australia 
Caribbean 
Eurasia 
India 
North America 
Nazca 
Okhotsk 
South America 
Somalia 

Yangtze



ITRF2005 Plate Motion Model



ITRFyy Eurasia Rotation Poles

Velocity diff. at 
the Equator
0.8 mm/yr &
0.5 mm/yr in 
Europe



ETRS89 Definition

• Coincides with ITRS at epoch 1989.0:
– Definition at a reference epoch (1989.0)

– The 7 parameters between ITRS and ETRS89          
are zero at 1989.0

• Fixed to the stable part of the Eurasian plate 
– Co-moving with the plate: law of time evolution

– Time derivatives of the transformation parameters 
are zero except the 3 rotation rates



ETRS89 Realization

• Expression in ITRFYY at central epoch (tc) of the 
implied observations

• Expression in ETRS89 using 14 transformation 
parameters some of them are zeros

Positions

Velocities



EUROPEAN TERRESTRIAL REFERENCE SYSTEM 89 
(ETRS89) 

Definition 

The IAG Subcommision for the European Reference Frame (EUREF) , following its Resolution 1 adopted in Firenze 
meeting in 1990, recommends that the terrestrial reference system to be adopted by EUREF will be coincident with 
ITRS at the epoch 1989.0 and fixed to the stable part of the Eurasian Plate. It will be named European Terrestrial 
Reference System 89 (ETRS89).
Realization 

Following its definition, ETRS89 could be realized through several ways, and specifically:
•using ITRS realizations: for each frame labelled ITRFyy a corresponding frame in ETRS89 can be computed 
and labelled ETRFyy.The following ETRF solutions are presently available: 

•ETRF89 
•ETRF90 
•ETRF91 
•ETRF92 
•ETRF93 
•ETRF94 
•ETRF96 
•ETRF97 
•ETRF2000 
•ETRF2005 
•ETRF2005 (SINEX file)

•positioning with GPS measurements of a campaign or permanent stations: using recent ITRFyy station
coordinates and IGS precise ephemerides following the procedure described in (Boucher and Altamimi, 2007): 
Postscript version, PDF version. 



Consequences for ETRF2005

• : known at the 1 cm  level

• together with 

– Velocity change of 0.5 mm/yr produce position change 
by ~1 cm at epoch 2007 

• Vertical velocities change by   1.8 sin(ϕ) mm/yr



ZIMM Time Series (ETRS89)
(see EPN WEB site)



WTZR Time Series (ETRS89)
(see EPN WEB site)



ONSA Time Series (ETRS89)
(see EPN WEB site)



ETRF2005 Horizontal Velocities



ETRF2005 Vertical Velocities



Conclusions

• ITRF2005 ==> ETRF2005:

– Transformation uncertainty : ~ 1cm

– Jumps in station positions to be expected when going 
from ETRF2000 to ETRF2005

• ETRF2005 internal consistency is not altered

• TWG proposal: Minimize the change btw 
ETRF2000 and the ETRF2005 both in horizontal 
and vertical components (still under discussion)


