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Abstract

This papecomparesthe results obtained from twdvomogenouslyeprocessed GNSS netwomrkkich are
tied to a global conventional frameamely the ITRF2008sing minimal constraintsThe first network
(222 stations) comprises the full EUREF Permanent Network.(BfeN§ecad networkis a smaller local
network consistingof the national denseBelgiannetwork and 38 EPN stations located in and around
Belgium We show thatin reason of the network effectit is impossible to mix the results of both
cumulativesolutions.Indeed, theposition differencedetween both networks tied to the ITRF2005 using
minimal constraintscan reach6.3 mm for the horizontal an®.6 mm for the vertical. For the velocities,
the differencesreach 0.5 mm/yr for the horizontaland 2.4 mm/yr for the vertical.In order to mitigate
these differencesndto obtain a consistenset of station positions and velocitiethe two solutionsvere
combinedon a weekly basis and then the combingdeklysolutions were stacked to obtain a cumulative
solution expressed in ITRF200Bhe resultddemonstratethat the network effect on the local solutiotan
be eliminated.This approachs valid thankgo the agreement between the weeklpolyhedrons of both
solutions aghe same data analysis strategys appliedduring both reprocessing.
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1. INTRODUCTION

In a previous studyLegrand and Bruynin®009 showed that the network effect can induce biases in the
position solutionsobtained from aregional GNSS network when tying it to a global conventional frame
using minimal constraint§Altamimi 2003) In comparison, global solutions are much more stable and
agree within the 2 mmevel. In a subsequent studglLegrand et al2010 based onten yeas of weekly
global GPS solutionthe same problemwas evidencedor the velocity solutionsThese investigations
confirmed that the regional velocity fields show systematic effects with respect to the global velocity field
with differences reaching up td.3 mm/yr in the horizontal and 2.9 mm/yr in the vertical depending on
the geographical extent of the network and the set of regional reference statidassequently, it was
demonstrated that in regional networksthe network effect has a significantflnence on the estimated
velocity field and consequently might cause wrong geodynamical interpretations.

2. DATA AND NETWORKS, GNSSREPROCESSING

The Royal Observatory of Belgium has performed two homogenseguecessing On one hand, the
entire EUREPermanent Network (ERMruyninx, 2004from 1997 until now, containg 222 stationsvas
reprocessedFig 1). On the other hand, thelenseBelgiannational GPSietwork together with38 EPN
stations in and around Belgiufrom 1996 until now was usedThis lastnetwork, considered as a local
network in this studygcontains98 stations(Fig 2). Both networks have been computed using Bernese
5.0 software (Dach et al. 2007 and following the EPN oktal Analysis Centre guidelines
(http://www.epncb.oma.be/_organisation/guidelinesigdelines_analysis_centres.php Then, CATREF
software (Altamimi et al. 2007) was used to compute weekIBINEXsolutions from the daily SINEX
solutions but dso to combinethe daily or weekly SINEXolutionsin order to obtain cumulative
position/velocity solutiors.



Fig 1: Regionahetwork. Reference stations used to express the regional solution in ITRF200%8liaayed inred.

Fig 2: Local network Reference stations used to express thlecal solution in ITRF2005 are
displayed inred.

Fig 3 shows a first result of the data analysikie to thesmaller network sizend the fact that generally
the quality of thelocalstationsis slightlybetter thanthe stationsof the regional network, the weekly RMS
from the local reprocessing amnallerthan from theregionalreprocessingFor the regionahetwork, the
averagedweekly RMSs 3.4 mmfor the upcomponent and 1.3 mm for the horizontal components, while
it is 1.7 mm for the upcomponentand 0.8 mm for the horizontatomponents in the case dhe local
network.
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Fig 3: WeeklyRMS (horizontal in blue and vertical in red) of the regional network (left) and the local network (right).

The estimated longerm regional and local solutions (station positions and velocities) are tied to the
ITRF200%AItamimi et al. 2007a)nder minimal constraints using a selected set of reference stations. It is
well known that there are too many degrees of freedom when using the transktibae rotations and

the scale with asmall network and that consequently the parameters are caatel. For that reason,
severaltypes of minimal constraintave been investigatedd) 14 parameters(the 3 translations the 3
rotations, the scaleand their rate$, b) 12 parameters (the translations the 3 rotationsand their rate$,

c) 6 parameters(the 3 translationsand their rate$. The tests showed no significant influence on the
conclusions that will be drawn later in the paper. For that reasworly onetype of constraintswill be
presentd in the followingnamely the minimum constraint methagksing14 parameters.

3. COMPARISON BETWEEN LOCAL AND REGIONAL REPROCESSED CUMULATIVE
SOLUTIONS
3.1. Reference stations and agreement with ITRF2005

The solutions (local and regional) have been expressedTiRF2005 under minimal constraints using 14
transformations parameters (translations, rotations, scale and their rates) using a selection of ITRF2005
reference stationsin both case, a maximum number ofeference stations shoing a good agreement

with ITRF200%nd having at least 3 years of data in the solution and in ITRF200& retained Fig 1

shows the 3 reference stationgin red) used to tie the regional solution to ITRF2G0% Fig 2 shows the

9 reference stations used to tie the local solution to ITRF2885shownn Tablel, thanks to the smaller
number of referencestations and the smaller area coeerby them, the agreement with ITRF2085

better for the local solution than for the regional solutiohhis might lead to the (incorrect) conclusion

that the local network is better tied to the ITRF2005 than the redioetwork.

Positions Velocities
RMS of the _ [mm] [mm/ yr]
agreement #stations
with ITRF2005 Horizontal Vertical Horizontal Vertical
Regional 37 1.8 3.6 0.4 0.7
Local 9 1.2 34 03 05

Tablel: RMSof the agreement of the twaolutions with respect to ITRF2005.
3.2. Position and velocity differences between regional and local cumulative solution.

During the stackingf each ofthe networks discontinuities have been introduced to account for jumps in
the positiontime series. A nevstation position is estimated after each discontinuity and the velocities are
usually constrained to be equal before and after a discontinfity.the 38 common statiortsetween the

two networks the same discontinuities and constraints on the velocitiese been applied when
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computing the local and regionalmulative solutionsDue to the introduction of the discontinuities, the
38 common stations leatlo 69 positions and 69velocities estimated in the two networksFor few
stations(8 estimates) a mapr disagreement was found withositiondifferences reacimg the cmlevel.In
some caseghey can be explained by different dataset: in the regional solution, all available data have
been processed even if the statiomsre not active in the EPN, whifer the local solution, only EPN
stations with an active status were processeadgverthelessmost ofthese differences are not explained
yet and need further investigation.

After removing these8 outliers, the agreemen(in terms of RM)etween the regional and local solution
(Table2) is 1.2mm for the horizontal positionsHg 4, left and Fig 6, left and middl¢, 3.0mm for the
vertical positionsKig 4, rightandFig 6, right), 0.2mml/yr for the horizontal velocitiesHig 5, left and Fig

8, left and middI¢ and1.4 mm/yr for the vertical velocitiesHig 5, rightandFig 8 right). Despite this good
agreement(after removal of theB outliers), the networkeffect (that mainlyaffects the vertical velocitids
makesit impossible to mix the results of both solutionsdeed, he positiondifferencesreach6.3mm for
the horizontal and9.6mm for the vertical. For thehorizontal velocities, thedifferences can reach
0.5mml/yr. The vertical velocities present a bias of iB/yr with differencesreaching 2.4mm/yr. In
order to mitigate these differenceshe two solutionshave beercombined on a weekly basis.
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Fig 4: Difference between EPN and dense Belgian GNSS network positions (ref}: horizontal differences, right: vertical
differences.
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Fig 5: Difference between EPN and dense Belgian GNSS network velocities (mmilgf}: horizontal differences, right: vertical
differences.



4. REGIONAL + LOCAL COMBINATION

Each week, the weekly regional and weekly local solutions have been combined in order to obtain a
regional + local weekly solution. Then these combined weekly solutions have been stacked in order to
obtain a regional + local cumulative solutidrhisstackng has been done using the same discontinuities
and velocity constraints as during the stacking of the local and regional netviukisg the combination

of the weekly regional and weekly local solutigesly the station positionshave beencombined andho
weighting ha been appliedMore refined approacéscould be toapply different weigh$ on the regional

and locakolutions andbr to combinealsotropospheric parameters.

In the following, the combined cumulative solution (regional+local) is comptaréde regional solution
(Table2). For comparisonkig 6 shows the histograms of the position differences between the regional
and local network assessing the small bias between the horizontal positions and the tilt in the VEigical.
7 (limited to the same stations aBig 6) demonstratesthat the bias letween the regional and local
solution has been eliminated after the weekly regional+local network combination.

Regional Regional
Differences between and and
local regional Hocal

Max RMS Mean Max RMS Mean
Positions East 6.1 15 -0.1 15 0.3 -0.1
(mm] North 4.6 0.9 0.4 1.1 0.3 -0.1
Up 9.6 3.0 -0.9 2.1 0.4 0.1
Velocities East 0.3 0.1 0.1 0.3 0.1 0.0
[mmiyr] North 0.4 0.2 -0.2 0.2 0.1 -0.0
Up 2.4 1.4 1.3 0.6 0.1 0.0

Table2: Statisticdmaximum, RMS and meaai the differences between theegional and the local (resp.
the combined regional + local) positions and velocities
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Fig 6: Histograms of the differences betweeregional and local positions: East (left), Norfmiddle), and Up (right) component.
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Fig 7: Histograms of the differences betweeregionaland regional + local positions: East (left), North ¢@die), and Up (right)
component.

The same observations can be mae the velocities. The histograms of the differences between the
regionaland thelocalnetwork velocities Fig 8) showa smallbias between thevelocitiesof 0.1 mm/yr in
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the East component and0.2 mm/yr in the North componenand 1.3mm/yr in the vertical. Fig 9
confirmsagain that the bias betweethe regionaland the local network hasompletelydisappeared after
the weeklyregional+locahetwork combination.
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Fig 8: Histograms of the differences between regional atatal velocities East (left) North (middle), and Up (right) component.

Fig 9: Histograms of the differences betweeregionaland regional + local velocities: East (left), North (miék), and Up (right)
component.

These results show that by combining first, at the weekly level, the solutions afetfienal and local
networks, and then by stacking these weekly combined solutions to estimate the site positions and
velocities, the network effectan largely be elimirtad from the local solutionlt must be noted however

that this approachs succesful thanks to the good agreement between the weekly polyhedrons of both
solutionsdue to theusage ofan identicalprocessing strategy

5. CONCLUSION

We quantifiedthe differences betweera local anda regional GNSS networkolution, both resulting from

a homogeneous reprocessing using an identical analysis stratefjtied to the ITRF2005 using minimum
constraints The position differenceseached 6.3mm for the horizontal and 9.6im for the vertical. For
the horizontal velocities, the differencesere small and reachd 0.5mm/yr. The vertical velocities
presented a bias of 1L.@m/yr with differences reaching 2#m/yr. Consequentlyfor the consiéred
networks,the network effect affect mainly the vertical velocitiesbut stillremains pretty small because
the local networkused in this studys already covering a large geographical area

To get rid off the small bias between the two networkthe regional and local solutionsere combined

on a weekly basis and then the combined weekly solutions were stacked to obtain a cumulative position
and velocity solution expressed in ITRF2008sstep-wiseapproachguaranteeghe consistency between
discantinuity epochs,solution numbers and the data cleaninig both networks Using the combined
regionalHocal network we are able to take advantage of the larger number of ITRF2005 stations in the
combined solution \ich allows to more reliably express thecal solution in ITRF200%5hismethod is
however only successful if there igaod agreement betweethe local and regional solutiongommon
analysis strategygnda significant numbeof common stations

The tests performed on the combination oflacal and regional network showed that by combining first
the solution of regional and local networks at the weekly level, and then stacking the weekly combined
solutions to estimate the site positions and velocities, the network effect on the local @oistiargely
eliminated By applying the same principle on global weekly solutions in good agreement with weekly
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