
Figure 2.a - Vertical velocities at DORIS sites from the IDS 09 cumulative solution.  

Figure 2.b – Histogram of 

the vertical velocities 

uncertainties at the DORIS 

sites.  

Figure 1.a - Horizontal velocities at DORIS sites from the IDS 09 cumulative solution.  

Figure  1.b – Histogram of 

the horizontal velocities 

uncertainties at the DORIS 

sites.  

Figure 6 - Velocity differences between IDS 09 

and ULR6 GNSS solution. (Green: less than 

0.5 mm/yr. Blue: between 0.5-1.0 mm/yr. 

Orange: between 1.0-1.5 mm/yr. Red: between 

1.5-2.0 mm/yr. Black: larger than 2 mm/yr. 

To assess the quality of the IDS 09 vertical velocities, we compared it to the latest 

GNSS cumulative solution (designated by ULR6) from La Rochelle University. 

That GNSS solutions was selected for several reasons: i) it is based on a 

different geodetic space technique, ii) the time span of ULR6 (1995.0-2014.0) is 

consistent with the IDS 09 (1993.0-2015.0) one, iii) more than 45 percent of the 

DORIS sites are co-located with GNSS sites included in ULR6 and, iv) La 

Rochelle University actively contributed to the IGS combined solution to 

ITRF2014. 

Vertical Velocities 

 The disagreement of GEODVEL must be explained by the fact that NNR-

MORVEL56 makes use of a local small plate (Aegean Sea) whereas for GEODVEL 

these two sites belong to the Eurasia (EU) plate. 

 Gavdos and Dionysos are in line with southwestward motion of the Aegean 

region with respect to Eurasia at 30 mm/yr. 

 The similarity in both magnitude and orientation of Dionysos and Gavdos 

supports the observation from McClusky (2010) that Dionysos and Gavdos 

appear to belong to the same small SW Aegean/Pelopponnisos plate. 

Figure 5 – Horizontal velocities at the DORIS sites 

of Dionysos and Gavdos (Greece).  

Figure 4 – Horizontal velocities at the DORIS 

site of Manila. 

Figure 3 - Velocity differences between IDS 09 

and GEODVEL (left), NNR-MORVEL56 (right). 

(Green: less than 2.5mm/yr. Blue: between 

2.5−5.0mm/yr. Orange: between 5.0−7.5mm/yr. 

Red: between 7.5−10.0mm/yr. Black: larger 

than 10mm/yr, and rates of velocity differences 

are shown only in this case. Grey lines indicate 

plate boundaries used in the NUVEL-1A model 

in case of GEODVEL and NNR-MORVEL56 

model in case of MORVEL. 

Table 1 – RMS of horizontal velocity 

differences between IDS 09 and GEODVEL, 

NNR-MORVEL56. Unit is mm/yr. 

North East  

IDS – GEODVEL 6.2 10.9 

IDS – NNR MORVEL 56 5.6 11.7 

 For the site of Manila 

(Philippines), the IDS 09 vector 

is are nearly in the opposite 

direction of the horizontal 

vectors from the two plate 

models. 

 The disagreement must be 

explained by the complexity of 

the Manila zone. 

As expected since plate models do not use observations close to plate 

boundaries while estimating the angular velocity of the plates, the larger 

differences (see Figure 3 and Figure 4) between the DORIS estimates and the 

two plate models occur in majority close to the plate boundaries. These 

differences may also reflect that whereas the DORIS estimations reveal current 

motions, the plate models account for deformation over older (and longer) time 

period. Meanwhile, hereafter we discuss on the validity of the DORIS horizontal 

velocities in Dionysos/Gavdos (Greece) and in Manila (Philippines). 

 IDS vector is similar to the IGS solution of PIMO (10 km North-East from the 

DORIS station). 

 IDS and IGS horizontal vectors are consistent with the counterclockwise 

rotation of the Luzon microblock with respect to the Sundaland plate. 

DORIS station velocities are deduced by accumulation of the coordinate time 

series of the 71 sites from the 1140 IDS 09 weekly SINEX files delivered to IERS 

as the IDS contribution to ITRF2014. In addition, discontinuities in positions and 

velocities are applied to the weekly free datum normal equations. In total, 58 

discontinuities have been defined  through an iterative process with the IERS 

Combination Centers (DGFI, IGN, JPL). These discontinuities concern 31 over 

the 71 DORIS sites. Each weekly terrestrial frame was aligned onto the long-

term frame by estimating the seven similarity transformation parameters 

(translations, rotations and scale). To overcome rank-deficiency of the normal 

equation system while computing the long-term frame and to apply the No-Net-

Rotation (NNR) condition, minimal constraints on origin, scale and orientation 

were added to align the long-term frame on ITRF2008. Hereafter, we only retain 

velocities with formal error less than 1 mm/yr in either horizontal (Figures 1.a, 

1.b) or vertical plane (Figures 2.a, 2.b). Over the 218 stations at 71 sites, 186 

(resp. 202) horizontal (resp. vertical) velocities at 67 (resp. 71) sites are 

associated with uncertainties lower than 1 mm/yr. The four rejected sites are: 

Arlit (1.33 mm/yr), Grasse (1.11 mm/yr), Monument Peak (1.01 mm/yr) and 

Canberra (1.11 mm/yr). 
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Abstract 

In the context of ITRF2014, the IDS Combination Center delivered to IERS 1140 

weekly SINEX files containing DORIS stations positions and Earth orientation 

parameters from January 1993 to December 2014 (series IDS 09). Then, a 

cumulative DORIS position and velocity solution was computed by stacking the 

IDS 09 weekly solutions and combining them with both DORIS internal local ties 

(3-D vector between two successive beacon installations at the same DORIS 

site) from IGN and a discontinuity file. 

The first objective of this study is to compare DORIS horizontal velocities to 

estimations from tectonic models such as GEODVEL and NNR-MORVEL56. The 

second purpose is to evaluate DORIS vertical velocities with respect to Global 

Isostatic Adjustment models (for Greenland, Fennoscandia, Iceland, Antarctica 

sites) such as ICE-6G_C, and with respect to the GPS URL6 (from University of 

La Rochelle) solution at coastal sites. Sites which show higher differences in 

either horizontal (ex: Dionysos/Gavdos, Manila) or vertical velocities (ex: Thule 

and Ny-Ålesund) will be of special concern. 
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Conclusions and Perspectives 

 DORIS horizontal velocities are compatible with GEODVEL and NNR-

MORVEL56 models in plate interiors. 

 At plate margins or in active zones, DORIS horizontal velocities are 

validated by comparisons to GNSS or VLBI estimations. 

 Plate models may include a local small plate for the Aegean Sea by 

using, for example, DORIS stations in Dionysos and Gavdos. 

 Comparisons of vertical velocities between IDS 09 and ULR6 exhibit no 

geographical pattern. 

 Future cumulative solutions must include a velocity discontinuity in 

2005/2006 for THULE. 

 Extension of coordinate time series of THULE will show if a second 

velocity discontinuity in 2013/2014 has to be introduced. 
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Figure 7 – Time series of the vertical component at long term DORIS (THUB - red) and GNSS (THU3 - blue) 

stations in Thule. Black dots correspond to minus the water height variations from monthly GRACE gravity fields. 

Each dot represents a daily solution for GNSS, a weekly solution for DORIS and a monthly solution for GRACE. 

 Similar vertical motion of Thule (Northwest coast of Greenland) as observed 

by DORIS (6.87±0.07 mm/yr) and GNSS (6.83±0.68 mm/yr in THU2, 7.62±0.74 

mm/yr in THU3). 

 As no GIA affects Thule, the decrease of the equivalent water height observed 

by GRACE (from GRGS – http://www.thegraceplotter.com) can be interpreted as 

vertical uplift. 

 The high correlation between DORIS/GNSS and GRACE measurements 

indicates that geometric and gravimetric techniques observe the same 

geophysical phenomenon. 

 Uplift acceleration 2005-2006. Already identified in Khan et al. (2010). 

 Possible uplift deceleration in 2013-2014. 

MANILA (Philippines) 

DIONYSOS / GAVDOS (Greece) 

THULE (Greenland) 

Ny-Ålesund (Svalbard - Norway) 

Figure 7 – Time series of the vertical component at long term DORIS (SPIA, SPIB, SPJB - red) and GNSS 

(NYAL - blue ; NYA1 - black) stations in Ny-Ålesund. Each dot represents a daily solution for GNSS and a 

weekly solution for DORIS. 

 Horizontal speed vectors of 

Dionysos and Gavdos from IDS 09 

agree well in both amplitude and 

azimuth with NNR-MORVEL56 

predictions but are nearly 

orthogonal to the GEODVEL 

vectors.  

 IDS vectors are compatible 

with GNSS and other DORIS 

estimations. 
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