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4. IMPACT ON ABSOLUTE VELOCITY FIELDS

6. IMPACT ON VERTICAL VELOCITIES AND GIA MODEL

The horizontal and vertical velocity fields derived from the global (VGLOB) solution have been compared to the two
regional solutions (VREGA and VREGB) (Figures 3).

Most of the vertical motion in Northern Europe is due to the post-Glacial Isostatic Adjustment (GIA). In the
Fennoscandian region, the GIA model usually used to predict vertical motions as a function of the latitude correspond
to a 4th order polynomial function [e.g. Milne et al. 2001, Nocquet et al, 2005].

1. INTRODUCTION
Is it necessary to process a global GNSS network in order to estimate reliable site positions & velocities ? What is the
accuracy limit of a regional solution ? Our goal is to highlight and quantify the network effect in a regional network.
For that purpose, weekly regional GPS solutions (covering the European region) and global solutions have been
respectively stacked to obtain regional and global positions and velocities. Several sets of global and regional
reference stations were tested to first evaluate the impact of the reference frame definition on the global and regional
positions, velocities and later on the derived geodynamic interpretations.

VGLOB-VREGA : Horizontal

VGLOB, VREGA and VREGB expressed in ITRF2005

VGLOB-VREGB : Horizontal

Figures 6 show the vertical velocities (ranging from 45° to 80° of latitude and -5° to 35° of longitude) as a function of
latitude for VGLOB, VREGA and VREGB expressed in ITRF2005 and the 4th-order polynomial function fitted to these data.
Figure 6: Vertical profiles
and best fit 4-order
polynomial function for:
a) Global in ITRF2005;
b) Regional A in ITRF2005;
c) Regional B in ITRF2005.
The best fit from the global
solution is given in b) and
c) (black line). Error bars at
99% confidence level.

2. NETWORK AND GPS DATA PROCESSING
ULR Reprocessing
0.3 ± 0.4 mm/yr

In this study, we use ten years (1997-2006.9)
of reprocessed GPS solutions from the ULR
Analysis center of the IGS TIde GAuge (TIGA)
Benchmark
Monitoring
project
[see
Wöppelmann et al., 2007].
The solution contains more than 200
continuous GPS stations with >3.5 years of
data (Figure 1).

Networks

0.6 ± 0.7 mm/yr

max: 0.9 mm/yr (a)

VGLOB-VREGA : Vertical

VGLOB-VREGB : Vertical

0.3 ± 0.5 mm/yr

0.1 ± 1.0 mm/yr

max: 1.2 mm/yr (c)

The station positions and velocities are estimated from the stacking of the weekly solutions performed with CATREF
Software [Altamimi et al., 2007b]. The global and regional solutions (positions & velocities) are expressed in
ITRF2005 [Altamimi et al., 2007a] under minimum constraints (14 parameters) using a subset of reference stations,
either global or regional.

The model from VREGA (resp. VREGB) presents a bias with respect to the model from the global solution VGLOB of about
0.4mm/yr (resp. 0.4 mm/yr) with a maximum difference of 0.5 mm/yr (resp. 0.6 mm/yr). This is due to the impact of the
reference frame definition on vertical velocities as illustrated in Figures 3 c) d).
None of the models based on the regional solutions (VREGA and VREGB) predicts a subsidence around 52° of latitude,
as predicted by the global solution and up-to-date GIA models. The global model predicts a maximum subsidence of
0.2 mm/yr at 51.7° latitude while the REGA (resp. REGB) model predicts an uplift of minimum 0.2 mm/yr (resp. 0.3
mm/yr).

VGLOB, VREGA and VREGB expressed in ITRF2000

Both regional velocity fields (VREGA and VREGB) present systematic effects with respect to the global velocity field. This
effect can reach the mm/yr level on the horizontal and 2.9 mm/yr on the vertical component.

Reference stations

The Tz drift between ITRF2005 and ITRF2000 induces a vertical velocity change of 1.8 × sin(φ) [Altamimi et al.
2007a]. For example, this difference affects the velocities around 50° latitude by 1.4 mm/yr. In order to quantify the
network effect in the case of ITRF2000, the 3 solutions have been expressed in ITRF2000 and again a 4th-order
polynomial function has been fitted to the velocities expressed in ITRF2000 (Figure 7).
Figure 7: Vertical profiles
and best fit 4-order
polynomial function for:
a) Global in ITRF2000;
b) Regional A in ITRF2000;
c) Regional B in ITRF2000.
The best fit from the global
solution is given in b) and
c) (black line). Error bars at
99% confidence level.

5. IMPACT ON EULER POLE ROTATION ESTIMATION

The reference stations must show a good agreement between the solution and the ITRF2005 and have at least 3
years of data in the ITRF2005 and in the ULR timeseries. Several sets of reference stations were tested for both
regional and global networks. The comparison between these different solutions leads to the following results :
The differences between the global solutions stay below 3 mm for the positions and 0.2 mm/yr for the velocities. In
comparison, the regional solutions are very sensitive to the set of reference stations used (outliers and geometry).

Test Solutions
In order to quantify the network effect on positions and
velocities, 3 representative solutions have been defined:
Global solution (GLOB):
Global Network: # 220 stations
Datum: 83 geographically well-distributed reference
stations
Regional solution A (REG A):
Regional Network: # 60 stations
Datum: 23 reference stations (Figure 2)
Regional solution B (REG B):
Regional Network: # 60 stations
Datum: 14 stations located only on the European
continent (Figure 2)

Euler pole rotation is usually used to estimate residuals from rigid bloc motion hypothesis in order to detect strain
accumulation area and intra-plate deformation.
In a first step, the Euler rotation pole of the Western part of the Europe is
estimated from the global and the two regional solutions. For each
solution, the same stations (40 stations continuously observed during at
least 3 years, with a formal error < 1.5 mm/y and a post-fit velocity
residual <1.5 mm/yr) are used to estimate the rigid bloc motion (Table 3).
Pole estimation strategy

Longitude (°)

Latitude(°)

Ω (°/Ma)

Global solution

-102.02 +/- 0.82

53.02 +/- 0.56

0.252 +/- 0.002

Regional solution A

-100.51 +/- 0.91

53.35 +/- 0.59

0.251 +/- 0.002

Regional solution B

-97.77 +/- 1.00

55.15 +/- 0.58

0.256 +/- 0.002

The 3 models based on VGLOB, VREGA and VREGB predict a subsidence around 52°. Nevertheless, we observe the same
bias between the models from GLOB and REGA and REGB. The global model predicts a maximum subsidence of 1.3
mm/yr at 51.7° latitude while the REGA (resp. REGB) model predicts a maximum subsidence of 0.9 mm/yr (resp. 0.8
mm/yr).

Table 3: Euler pole estimation from our three solutions

Figure 4: Pole estimated localization. Black :
The 3 rotation poles estimated from VREGA, VREGB and VGLOB show global solution; Red: Regional solution; Blue:
European solution . Error ellipse at 99%
significant differences with respect to their error ellipses (Figure 4 and confidence level.
Table 3). Consequently, the choice of the reference stations has a
relevant impact on the rotation pole estimation.
Figure 2 : Stations used for the reference frame alignment of
Regional solutions A and B

VRGLOB-VRREGA

(a)

VRGLOB-VRREGB

(b)
Figure 5: Differences between
residuals from rigid bloc motion
of the global solution with the
regional A (a) and regional B
(b). Error ellipses at 99%
confidence level.

3. IMPACT ON STATION POSITIONS
The positions obtained from the global long-term solution (XGLOB) have been compared to the two regional long-term
solutions (XREGA and XREGB). The statistics of the position differences between the 3 solutions are shown in Table 1.
The same comparisons have been performed with 1-year (short-term) solutions. The statistics of the position
differences between the 3 solutions are shown in Table 2.
RMS: 0.17 mm/yr MAX: 0.5 mm/yr

XGLOB – XREGA

max: 2.9 mm/yr (d)

Figure 3: Difference between global and regional velocity fields (mm/yr). Top: horizontal differences, bottom: vertical differences. Left:
VREGA - VGLO, right: VREGB - VGLO. Error ellipses are at the 99% confidence level.

Estimation of Regional and Global Cumulative Solutions (Positions & Velocities)

XGLOB – XREGA

max: 1.3 mm/yr (b)

Figure 1: Global and regional networks used in this study

A global network (Figure 1): ULR weekly SINEX solutions
A regional network (Figure 1): Weekly solutions of 60 European GNSS stations (also in the EUREF Permanent
Network) extracted from global ULR weekly SINEX solutions
 Same coordinates and covariance information for the common stations !!

Mean

RMS

Max

Horizontal

-0.2

0.6

2.3

Vertical

-1.9

1.5

6.3

Horizontal

-0.2

0.8

3.5

Vertical

-2.0

1.4

6.5

Table 1: Statistics of the differences between the global
and regional positions from the long-term solutions

XGLOB – XREGA
XGLOB – XREGA

Mean

RMS

Max

Horizontal

-1.0

1.0

3.4

Vertical

1.3

1.0

4.2

Horizontal

-0.9

1.7

8.0

Vertical

2.5

4.1

12.4

Table 2: Statistics of the differences between the global
and regional positions from the short-term solutions

The short-term solutions are more sensitive to the network effect than the long-term solutions and we observe
differences between global and regional positions that can reach 8 mm in the horizontal and 1.2 cm in the vertical.
Similar results have been obtained in [Legrand J. and Bruyninx C., in press] with different networks and computations.
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RMS: 0.21 mm/yr MAX: 0.8 mm/yr

For each solution, the modeled rigid bloc rotation is removed from the horizontal velocities to obtain the residual
velocity fields. Such residuals are crucial information to detect non rigid deformation.
The order of magnitude of the residuals is the same for VREGA,VREGB and VGLOB. Nevertheless, we observe systematic
effects when comparing them (Figure 5):
 The RMS of the differences between VGLOB and VREGA is 0.1 mm/yr and the differences reach up to 0.5 mm/yr.
 The RMS of the differences between VGLOB and VREGB is 0.2 mm/yr and the differences reach up to 0.8 mm/yr.
The residuals of the two regional solutions are similar in the middle of the network, but the differences between the
residuals are larger when going to the edges of the regional networks.
Consequently, the reference frame definition strategy has a significant impact when velocities with sub-mm/yr level
precision are required for the interpretation of intra-plate deformations.

7. CONCLUSIONS
In reason of the extreme sensitivity of a regional GNSS solutions to the network effect, the selection of the reference
stations used to express the solution in the global reference frame (ITRF2005) is crucial. In comparison, global
solutions are much more stable and less sensitive to the choice of the reference stations (less than the 2 mm-level
and the 0.1 mm/yr-level, respectively for positions and velocities).
We highlighted that, due to the network effect, regional position solutions can show biases up to the cm-level with
respect to each other or with respect to a global solution. The effect on the absolute velocities reaches up to the
mm/yr-level and after removing the rigid body motion, the relative horizontal velocities can still be affected by 0.5
mm/y.
Consequently, the choice of the reference stations and the geographical extent of the network also have a significant
influence on the geodynamic interpretations, e.g. rotation pole estimation, and the interpretation of vertical velocities.
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