
Large and small systematic biases (few mm to several m) between solutions probably linked 

to incorrect antenna eccentricities used during the analysis and different antenna calibration 

models. We tried to check systematically the metadata. 

Individual weekly SINEXs are combined with CATREF Software [Altamimi et al. 2007]. 

Preliminary weekly combinations lead to a typical 3D weekly RMS which ranges from 2 mm 

to 6 mm (Fig. 3).  

Initial selection of the stations 

Data span > 3 year, present in at least 104 weekly SINEX and present in at least 50% of the 

weekly SINEXs within the data span 

Outlier rejection 

Outliers larger than 10 cm have already been rejected, but no refined outlier rejection has 

been performed yet. Stations are removed based on:  

ïindividual cumulative solutions (Pos., Vel. & associated residual position time series) 

based on the individual weekly SINEXs  

ïresiduals of the weekly combinations: detection of systematic biases 
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The IAG Working Group ñIntegration of Dense Velocity Fields in the ITRFò (2011-2015) is 

the follow up of the IAG WG ñRegional Dense Velocity Fieldsò [Bruyninx et al. 2012, 2013]. 

The objective of the WG is to provide a GNSS-based dense, unified and reliable velocity 

field globally referenced in the ITRF (International Terrestrial Reference Frame) and useful 

for geodynamical and geophysical interpretations. The WG is embedded in IAG sub-

commission 1.3 ñRegional Reference Framesò where it coexists with the Regional Reference 

Frame sub-commissions AFREF (Africa), APREF (Asia & Pacific), EUREF (Europe), NAREF 

(North America), SCAR (Antarctica), SIRGAS (Latin America & Caribbean). These IAG 

Regional Reference Frame sub-commissions are responsible to provide the GNSS-based 

densified weekly solutions for their region.  

The WG will combine the individual weekly solutions and then stack these weekly combined 

solutions in order to derive a cumulative position and velocity solution as well as associated 

residual position time series. This poster focuses on the preliminary combinations of the 

individual weekly solutions to derive weekly combined SINEXs. 

Table1: List of the weekly solutions submitted to the WG.  

AC Solution 
 Data span  

(year) 

Data span 

(GPS week) 

Antenna 

calibrations 

# stations 

(raw) 

# stations 

(selected) 

# new 

stations 

wrt 

ITRF2008 

Remarks 

IGS IGS Global 1996.0-2011.3 834-1630 igs05 1030 724 187 

AFREF AFR Global 1996.0-2011.3 834-1630 igs08 197 158 103 
preliminary 

solution 

APREF AUS Global 2004.0-2011.3 
(gap 2004.9-2006.0) 

1254-1630 
(gap 1300-1356) 

igs08 492 308 82 still running 

EUREF EUR Regional 1996.0-2011.3 834-1630 igs05 + indiv 290 254 134 

NAREF 
GSB Global 2000.0-2011.3 1043-1630 igs05 592 568 455 

NGS Global 2000.0-2011.3 1043-1630 igs05 2506 1359 1005 

SIRGAS SIR Regional 2000.0-2011.3 1043-1630 igs05 266 203 145 

ULR ULR Global 1996.0-2011.3 834-1630 igs05 or igs08 317 260 57 not included yet 

Total 1996.0-2011.3 834-1630 3669 2396 1831 

The rough agreement between individual weekly solutions submitted to the WG is globally 

good and promising. Remaining disagreements between weekly individual solutions often 

originate from different modeling of the antenna calibration or eccentricities and can/should 

be corrected at the analysis level. 

Antenna eccentricity 

ï Theoretically, the antenna eccentricity is defined by the station site log.  

ï Only 30% of all the stations have a site log (40% of the selected stations). 

ï Even if a station site log is available, different AC do not necessarily use the same version 

of the site log or some ACs donôt use the site log meta-data during the processing. 

ï The SINEX header doesnôt always reflect the model used within the analysis. 

ï The straightforward approach consisting of checking the metadata (site log, SINEX 

header) prior the combination has been abandoned and remaining issues will be checked 

manually when necessary. 

Antenna calibration model 

ï Presently weekly solutions generated with the IGS08.atx and IGS05.atx antenna model 

are combined (Table 1). Position differences could theoretically be mitigated by applying 

offsets coming from the Rebischung et al. model [2012] or Baire et al. offsets [2011] for 

individual calibrations, but this is just a patch. In addition, the inconsistencies found in the 

SINEX headers contra-balance the utility of such an approach. An RMS reduction has to 

be confirmed. 

ï In order to solve this problem, all contributors have agreed to submit solutions generated 

with the igs08.atx model (+ indiv. calib.) by the end of 2013. These solutions will be used 

for a final combination in 2014. 

Weekly combinations and weighting of covariance matrices 

ï Covariance matrices for regional solutions are more optimistic compared to global 

solutions. Usual covariance matrix rescaling with chi-square factor are not giving 

satisfactory results so far. Several weighting schemes of the weekly covariance matrices 

have been tested, but no conclusion has been reached yet.  

ï To solve this issue, new individual weekly SINEXs will hopefully be based on global 

networks in the next submission in 2014. 

Figure 2: Number of stations in the weekly 

combined and individual solutions as a 

function of GPS weeks. 

Figure 3: 3D 

Weekly RMS  

[in mm]  

as a function of 

GPS weeks. 

Conclusion 

Figure 1: Map of the network, stations common to: 6 solutions in red, 5 solutions in 

blue ,4 solutions in green, 3 solutions in purple, 2 solutions in orange and 1 

solution in black. 
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Submitted weekly solutions 

Each solution submitted by individual ACs consists of: 

ïthe weekly SINEXs (cleaned or with a list of the outliers to be removed), 

ïthe cumulative solution and the associated residual position time series, 

ïthe position and velocity discontinuities that should be used for the cumulative solution, 

ïthe station site logs (if available). 

To avoid mixing antenna calibration models within individual solutions, preliminary 

combinations are stopped at week 1630 (switch from igs05.atx to igs08.atx), nevertheless:  

ï some solutions are using igs08.atx, while others are using igs05.atx (Table 1), 

ï EUREF solution is using individual calibrations, when available.  

 

Remaining issues 

The large RMS increase (Fig. 3) occurring at 

2000.0 (wk 1042) is linked to the increasing 

number of common stations (Fig. 2) and to 

remaining large disagreements between 

solutions. 

HOFN (AUS, EUR, IGS, GSB, NGS) 

Individual cumulative solutions 
weekly residuals 

Individual wrt combined solution 

Figure 4: Residual position time series for the individual solutions and residuals of the weekly combinations for the 2 stations BAKO 

(Cibinong, Indonesia) and HOFN (Hoefn, Iceland). 

BAKO (NGS, AUS, IGS) 

Individual cumulative solutions 
weekly residuals 

Individual wrt combined solution 

from SINEX (NGS, AUS, IGS) 

from site logs (white) 
Site log information are in agreement but 

are not applied during the processing 

   �Ÿ Incorrect periods will be excluded 

Metadata Check -  Site log Inconsistencies 

ïSeveral sources for the site logs (IGS, EUREF, 

APREF, SIRGAS, NGS, CGPS, WCDA, 

UNAVCO)      �Ÿ  ~ 5000 site logs  

ïMajority of duplicate site logs are not identical: 

differences mainly related to formatting or 

missing updates �Ÿ site log comparison is 

becoming complexé Figure 5: Number of stations in each individual ACs.  

~ 6 cm 

6 cm 

The IAG WG ñIntegration of Dense Velocity Fields in the ITRFò aims to densify the ITRF 

velocity field by combining individual weekly solutions from several regional and global ACs to 

derive a cumulative solution (Positions, Velocities & their associated residual position time 

series).  

The preliminary weekly combinations performed within the WG, contain 1830 additional 

stations compared to the ITRF2008 and include 7 individual solutions. The agreement 

between the solutions is promising and leads to weekly RMS ranging from 2 to 8 mm. 

All contributors will submit new weekly solutions compliant with IGS repro2 by the beginning 

of 2014. The final combination will be done in 2014.  

Phase Center Up Offset L3 [mm] 

TRM22020.00+GP DOME 82.3 

TRM22020.00-GP NONE 58.5 

Difference 23.8 

TRM22020.00-GP  NONE 

TRM22020.00+GP  DOME 
TRM22020.00+GP  DOME 

TRM22020.00+GP  NONE 

Metadata in SINEX are correct for IGS, EPN, and GSB. 

NGS is incorrect.  

IGS behavior is comparable to NGS. 

Is IGS SINEX header consistent with IGS analysis? 

ïFocus on information that could impact the estimation:  ~50 stations need further 

investigation: Í ant. type, Í site history, Í domes, same station?... 

TRM22020.00+GP  DOME 

TRM29659.00 NONE 
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