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1. Introduction

Terrestrial reference frames supporting precise positioning based on global navigation
satellite systems (GNSS) must be consistent with the reference frame in which the GNSS
orbits are determined. At present, the conventional reference frame is the ITRF
(International Terrestrial Reference Frame, http://itrf.ensg.ign.fr/), which is computed and
maintained by the International Earth Rotation and Reference Systems Service (IERS,
www.iers.org). According to the IERS conventions (IERS, 2004), the International GNSS
Service (IGS, www.igs.org) determine and provide the GNSS satellite ephemeris referring
to the ITRF (Dow et al. 2009). Users applying IGS orbits for processing GNSS positioning
have to introduce terrestrial reference stations referring also to the ITRF. The accessibility
to this reference frame at regional and local levels is guaranteed through

1) Regional (continental) densifications of the global frame, and
2) National densifications of the continental frames.

Following this hierarchy, SIRGAS (Sistema de Referencia Geocéntrico para las Américas,
www.sirgas.org) is realized by a regional densification of the ITRF in Latin America and the
Caribbean (Brunini et al. 2010), and it is further extended to each country by the national
reference networks, e.g. SIRGAS2000 in Brazil (Costa et al. 2005), MAGNA-SIRGAS in
Colombia (Martinez, Sanchez 2009), SIRGAS-ES2007 in El Salvador (Figueroa et al. 2010),
SIRGAS-REGVEN in Venezuela (Drewes et al. 1998), etc.

Initially, SIRGAS was realized by means of two continental GPS campaigns:

1) SIRGAS9S including 58 stations distributed over South America observed for ten
days in May 1995 and resulting in station positions referred to the ITRF94, epoch
1995,4 (SIRGAS, 1997).

2) SIRGAS2000 with 184 stations including the SIRGAS95 points and additional
stations located in the Caribbean, Central, and North America. It was measured
during ten days in May 2000 and its station positions refer to ITRF2000, epoch
2000,4 (Drewes et al. 2005).

Today, SIRGAS is realized by a network of about 230 continuously operating GNSS
stations. This so-called SIRGAS-CON network replaces the first two SIRGAS realisations
and allows for permanent monitoring of the reference frame. The SIRGAS-CON network is
processed week by week by the SIRGAS analysis centres, who generate weekly solutions
for station positions. Based in these weekly solutions, cumulative (multi-year) solutions are
computed every year to estimate the kinematics of the SIRGAS reference frame, providing
epoch positions and constant velocities of stations operating for more than two years. New
SIRGAS-CON stations (operating less than two years and therefore, not included in multi-
year solutions) can be used as reference points only, if their coordinates referring to the
ITRF are known. According to this, the connection of SIRGAS with the ITRF is carried out in
two ways (Brunini et al. 2010): by aligning the loosely constrained weekly solutions to the
reference stations used for the computation of the GNSS satellite orbits, and by computing
the multi-year solutions referred to the positions and velocities of selected ITRF stations.


http://itrf.ensg.ign.fr/
http://www.iers.org/
http://www.igs.org/
http://www.sirgas.org/

The Deutsches Geoddtisches Forschungsinstitut (DGFI), as the IGS Regional Network
Associate Analysis Centre for SIRGAS (IGS RNAAC SIR, Seemiiller and Drewes 2008),
yearly computes a cumulative solution containing all available weekly solutions delivered
by the SIRGAS analysis centres. These cumulative solutions include those models,
standards, and strategies widely applied at the time in which they were computed and
cover different time spans depending on the availability of the weekly solutions. Table 1
summarizes the characteristics of the cumulative solutions computed since 2000 for the
SIRGAS-CON reference frame.

Table 1. Multi-year solutions computed by the IGS RNAAC SIR for the SIRGAS reference frame.

Solution No. Stations ITRF pcc* Data start Data end Reference

DGFO1P0O1 48 ITRF97, 2000.0 Rel 1996-06-30 2001-04-14  Seemdiller et al. 2002
DGF02P01 53 ITRF2000, 2000.0 Rel 1996-06-30 2002-07-31  Seemdiller, Drewes 2002
DGF04P01 69 ITRF2000, 2003.0 Rel 1996-06-30 2004-07-31 Seemiiller et al. 2004
DGFO5P01 95 ITRF2000, 2004.0 Rel 1996-06-30 2005-09-17 Seemiiller 2005
DGFO6P01 96 ITRF2000, 2004.0 Rel 1996-06-30 2006-06-17  Seemdiller 2009
DGF07P03 106 1GS05, 2004.5 Abs 2002, 01/05-2005, 2006, 01/08-2007 Seemidiller et al. 2007
DGF08PO1 126 1GS05, 2004.5 Abs 2002-01-02 2008-03-31 Seemiiller et al. 2008
SIR09PO1 128 1GS05, 2005.0 Abs 2000-01-02 2009-01-03  Seemdiller et al. 2009

* Antenna phase center corrections.

This report describes the computation of the latest multi-year solution of the SIRGAS-CON
network. It is called SIR10P01 and encompasses all the weekly solutions provided by the
SIRGAS analysis centres from January 2, 2000 (GPS week 1043) to June 5, 2010 (GPS
week 1586). It refers to the ITRF2008 at epoch 2005,0 and provides positions and
velocities for 183 SIRGAS-CON stations. Its precision was estimated to be ~%+0,5 mm
(horizontal) and ~+0,9 mm (vertical) for the station positions at the reference epoch, and
~%£0,2 mm/a (horizontal) and ~+0,4 mm/a (vertical) for the linear velocities.

2. Weekly analysis of the SIRGAS-CON reference frame

The processing strategy of the SIRGAS-CON network is based on the combination of
individual solutions of different clusters of stations (Brunini et al. 2010). For this purpose,
the SIRGAS-CON network is divided in (Figure 1):

1) One core network with about 100 stations distributed over the whole continent, and
2) Different densification sub-networks distributed regionally on the northern, middle,
and southern part of the continent.

The core network is processed by DGFI as IGS RNNAC SIR, and the densifications sub-
networks are processed by the SIRGAS local analysis centres in different clusters (Table
2). All of them apply a common procedure established by SIRGAS (in agreement with the
IGS standards, Kouba 2009) to generate loosely constrained weekly solutions for station
positions (see Annex 1 and e.g. Natali et al. 2009, Seemiiller and Sanchez 2009).



Table 2. SIRGAS processing centres and distribution of the SIRGAS-CON stations in different clusters.

CIMA

DGFI

IBGE

Centro de Procesamiento Ingenieria-
Mendoza-Argentina, Universidad
Nacional de Cuyo, Argentina.

Deutsches Geodatisches
Forschungsintitut, Germany.

Instituto Brasileiro de Geografia e
Estatistica, Brazil.

Southern network and selected sites
of the middle network, 110 stations.

Core network, 111 stations.

Middle network and selected sites of
the southern network, 141 stations.

IGAC

IGM-Ec

Luz

Instituto Geografico Agustin Codazzi,
Colombia.

Instituto Geografico Militar, Ecuador.

Laboratorio de Geodesia Fisica y
Satelital, Universidad del Zulia,
Venezuela.

Northern network and selected sites
of the middle network, 111 stations.

Selected sites of the northern and
middle networks, 74 stations.

Northern network and selected sites
of the middle network, 111 stations.

SGM-Uy

INEGI

IGN-Ar

Servicio Geografico Militar, Uruguay.

Instituto Nacional de Estadistica y
Geografia, México.

Instituto Geografico Nacional,
Argentina.

Southern network and selected sites
of the middle network, 74 stations.

Selected sites of the northern
network, 26 stations.

Southern network, 60 stations.




In these solutions satellite orbits, satellite clock offsets, and Earth orientation parameters
are fixed to the final weekly IGS solutions (Dow et al. 2009) and all station positions are
loosely constrained with £1 m. The distribution of the SIRGAS-CON stations into the
different clusters guarantees that each station is computed by three analysis centres.
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Figure 1. SIRGAS reference frame (status Sept. 2010)

The individual contributions are integrated in a combined solution by the SIRGAS
combination centres DGFI and IBGE (Figure 2). The DGFI combinations are provided to
the users as the SIRGAS final products (Sanchez et al. 2010a), while the IBGE
combinations assure redundancy and control for those products (Costa et al. 2009). Before
combining the individual solutions, the constraints included in the delivered normal
equations are removed and the solutions are separately aligned to the ITRF to evaluate
their quality and in order to identify possible outliers. If it is necessary to compensate
differences in the stochastic models of the processing centres, variance (scaling) factors
are determined from the standard deviations obtained after solving the individual normal
equations with respect to the ITRF (Sanchez et al. 2008). Once inconsistencies and
outliers are reduced from the individual free normal equations, a combination for a loosely



constrained weekly solution for station positions (all of them constrained with £1 m) is
computed. This solution is submitted in SINEX format (http://www.iers.org/IERS/EN/
Organization/AnalysisCoordinator/SinexFormat/sinex _cont.html) to the IGS for the global
polyhedron (http://igscb.jpl.nasa.gov/organization/acccharter.html) and it is stored to be
included in the next multi-year solution of the SIRGAS-CON network. A solution aligned to
the IGS reference frame (used for the GPS orbit determination) is also computed to
provide weekly positions of all SIRGAS-CON stations (Annex 2). At present, the IGS
reference frame is the IGS05 (http://igscb.jpl.nasa.gov/network/refframe.html). Once the
IGS applies the new ITRF2008 (http://itrf.ensg.ign.fr/ITRF solutions/2008/) for generating
its products, the SIRGAS-CON weekly station positions will also refer to it.

SIRGAS-CON-C SIRGAS-CON-D
(core/continental network) (densification sub-networks)
L L
1 Regional Data Centre National Data Centres
(DGFI) (entities in charge of
national reference frames)
L <
( 8 Local Processing Centres
1 Analysis Centre CIMA (Argentina), IBGE (Brazil),
(DGFI as IGS-RNAAC-SIR) IGAC (Colombia), IGM (Ecuador)
SGM (Uruguay), LUZ (Venezuela)
IGN (Argentina), INEGI (Mexico)

2 Combination Centres
(DGFI, IBGE)

L

Final solutions for the
SIRGAS-CON reference frame
(DGFI as IGS RNAAC SIR)

Loosely constrained <:£| |1:> - Weekly station positions
weekly solutions for aligned to the IGS
further combinations reference frame

of the network (i.e. - Multi-year solutions

IGS polyhedron, (positions + velocities)

multi-year solutions)

Figure 2. Data flow in the analysis of the SIRGAS reference frame

This operational infrastructure is possible since August 2008 thanks to the active
participation of many Latin American and Caribbean institutions, who not only make
available the measurements of their stations, but also are operating SIRGAS analysis
centres in charge of computing the observational data on a routine basis. Before August
2008, the SIRGAS-CON network was entirely processed in only one block by the DGFI.

3. Input data for the multi-year solution SIR10P01

The input data for the generation of the multi-year solution SIR10P01 are the loosely
constrained weekly solutions of the SIRGAS-CON network between January 2, 2000 and
June 5, 2010. As already mentioned, these weekly solutions were computed by DGFI in
only one adjustment for the entire network containing data up to August 31, 2008 (GPS
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week 1495). The loosely constrained weekly solutions for the later weeks are the
combined solutions of the different clusters processed by the SIRGAS analysis centres.

Weekly solutions from January 2000 (GPS week 1043) to November 2006 (1399) formerly
computed with relative antenna phase centre corrections and referring to previous ITRF
solutions have been reprocessed based on absolute phase centre corrections provided by
the IGS (model igs05_1525.atx, see: http://igscb.jpl.nasa.gov/igscb/station/general/
pcv archive/) and the IGS05 as reference frame (see strategy in Annex 1). This
reprocessing provides homogeneously computed weekly solutions for the complete time
span covered by the SIR10P01 solution and allows to improve reliability and accuracy of
station positions and velocities. Figure 3 shows timetable and infrastructure used for
processing and reprocessing the loosely constrained weekly solutions included in
SIR10P01. Reprocessed solutions are identified with the name SIlwwww to be
distinguished from the old weekly solutions.

Formerly solutions until GPS week 1400 Week 1400
Relative PCV Absolute PCV
ITRF94 ITRF96 mrro7 |GS97 ITRF2000
]

] | | | | 1 | | | | ] | |
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 (2007 2008 2009 2010

IGb00 IGS05
1 |

Reprocessing of daily normal equations

IG1 products, Absolute PCV IGS05, Absolute PCV
L ] ] | ] | ] ] | ] | ] | ] ] ]
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Latest multi-year solution

SIR10P01: ITRF2008, 2005.0
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Figure 3. Timetable and infrastructure applied for processing and reprocessing
the weekly solutions included in the multi-year solution SIR10P01.

4. Processing strategy

The processing strategy for the SIRGAS reference frame SIR10P01 is given as a flow chart
in Figure 4. It is realized using the Bernese GPS Software V5.0 (Dach et al. 2007).

The main parts of the analysis are:
1) Computation of time series and time series analysis to identify outliers and
discontinuities in station positions (see grey arrows in Figure 4);
2) Combination of weekly normal equations (NEQ) to compute the SIRGAS reference
frame (see blue arrows in Figure 4).


http://igscb.jpl.nasa.gov/igscb/station/general/%20pcv_archive/
http://igscb.jpl.nasa.gov/igscb/station/general/%20pcv_archive/

Before starting with the computation preparative steps are necessary. Unconstrained
(free) normal equations are reconstructed from the weekly solutions stored in SINEX
format. Thereby, the station information, e.g. antenna and receiver types, is compared to
the log files and corrected if necessary in order to guarantee consistency of the station
information. So, the input data for computation are unconstrained (non-deformed) normal
equations and correct station information.

Solution of weekly NEQ
Weekly s> | NNR and NNT conditions
NEQ wrt ITRF2008

Accumulation of NEQ Analysis of station
- set up station velocities <= position time series

- consideration of discontinuities - detection of discontinuities
- removing outliers and outliers

{ {

[ Datum definition ] High-precise

- NNR and NNT conditions
wrt ITRF2008

|

SIRGAS
reference frame

Figure 4. Processing strategy for the computation of the SIRGAS reference frame.

station position
time series

4.1 Computation of time series and time series analysis

The weekly normal equations are solved separately applying no-net-rotation (NNR) and
no-net-translation (NNT) conditions with respect to ITRF2008. To generate residual
position time series, the weekly solutions are transformed to an a priori SIRGAS reference
frame (i.e. the actual SIRGAS reference frame SIR09P01, Seemiiller et al. 2009) by a 7-
parameter similarity transformation. The residual time series of station positions (Annex 4)
are analysed and the detected discontinuities and outliers are taken into account for the
computation of the SIRGAS reference frame (see section 4.2).

The chosen thresholds for outliers are 15 mm for north and east and 30 mm in height (about
fourfold the mean RMS). If outliers appear sporadically (without pattern), the station is
reduced from the normal equation for the corresponding week. If outliers correspond to a
discontinuity, a new position is set up for the station. According to these criteria,
discontinuities for 20 stations were identified (Table 3). Changes caused by the recent
earthquakes in Chile (Figure 5) and Baja California, Mexico (Figure 6) were excluded, i.e.
SIRGAS-CON stations moved by these two events were reduced from the weekly normal
equations after GPS weeks 1572 and 1578, respectively. To determine the long-term effect of
these earthquakes on the reference frame, it is necessary to analyse cumulative solutions of
more than two years after their occurrence.



4.2 Combination of weekly normal equations

According to Figure 4, the weekly normal equations are combined to a multi-year solution
setting up station velocities. Seasonal (e.g. loading) signals are not considered up to now.
In this way, stations with observation time spans of less than 2 years of data are excluded
(reduced) as the velocity estimation would be strongly affected by seasonal variations. The
geodetic datum is realized by applying no-net-rotation and no-net-translation conditions
with respect to the ITRF2008 using a set of reliable stations for datum realisation (Figure
7). After solving the first SIRGAS reference frame, step (1) and (2) are iterated: new
station position residual time series are generated by transforming the weekly solutions to
the computed SIRGAS reference frame. Discontinuity and outlier detection are repeated
and the new information is introduced into the computation of a refined reference frame.

The final solution refers to the same epoch as the ITRF2008, i.e. 2005.0.

Table 3. Discontinuities identified in the computation of SIR10P01.

Station ID in SINEX Start End Comments

AREQ 42202M005 A 0001 2000-01-01 2001-06-24 Arequipa earthquake (7,2}
AREQ 42202M005 A 0005  2002-08-26 2007-12-03 Cable change

AREQ 42202M005 A 0006  2007-12-04 2099-12-31 -

BDOS 43401M001 A 0002  2004-06-12 2007-12-01 Martinique earthguake (7,4)
BDOS 43401M001 A 0003 2007-12-02  2010-06-05 -

BOGA 41901M002 A 0001  2000-02-09 2005-04-20 Change of trend in vertical velocity
BOGA 41901M002 A 0002  2005-04-23  2010-06-05 -

BOGT 41901M001 A 0003  2002-05-23 2005-07-06 Antenna swap

BOGT 41901M001 A 0005  2005-07-12  2010-06-05 -

CONZ 41719M002 A 0001 2002-06-10 2005-05-13 Antenna & receiver change
COMZ 41719M0O02 A 0002  2005-05-18 2010-02-26 -

COPO 417145001 A 0001  2002-07-01 2006-04-30 Copiapo earthguake (5,3)
COPD 417145001 A 0002  2006-05-03  2010-06-05 -

COY(Q 417155001 A 0001  2000-01-02 2004-09-07 Receiver change

COYQ 417155001 A 0002  2007-12-06  2010-06-05 -

CRAT 41619M001 A 0001  2001-08-20 2005-06-29 Jump

CRAT 41619M001 A 0002  2005-08-106 2008-01-206 Jump

CRAT 41619M001 A 0003  2008-03-07 2010-06-05 -

CRO1 43201M001 A 0002  2000-01-02 2005-01-19 Antenna & receiver change
CRO1 43201M001 A 0003  2005-08-04 2010-05-22 -

INEG 40507M001 A 0004  2000-05-05 2002-03-22 Change of trend in vertical velocity
INEG 40507M001 A 0005 2004-11-15  2010-06-05 -

IQQFE 417085002 A 0001  2002-07-01 2005-06-11 Tarapaca earthquake (7,8)
I00E 417085002 A 0002  2005-06-14 2010-06-05 -

KOUR 97301M210 A 0002  2000-01-02 2006-07-01 Jump

KOUR 97301M210 A 0003  2006-06-22 2010-06-05 -

MAMNA 412015001 A 0001  2000-05-14 2004-10-10 Managua earthguake (6,9)
MAMA 412015001 A 0002  2004-10-11 2010-06-05 -

MARA 42402M001 A 0001  2000-01-21 2008-05-26 Antenna change

MARA 42402M001 A 0002  2008-07-16  2010-06-05 -

MDO1 40442M012 A 0001 2000-01-02 2004-12-02 Receiver change

MDO1 40442M012 A 0003 2004-12-08 2010-06-05 -

PIE1 40456M001 A 0004  2000-01-02 2006-09-04 Antenna change

PIE1 40456M001 A 0005  2007-01-24  2010-06-05 -

PMB1 437025001 A 0001  2005-12-30 2007-10-21 Antenna & receiver change
PMB1 437025001 A 0002  2007-12-19 2010-06-05 -

RIOP 42006M001 A 0001  2000-01-02 2001-12-28 Antenna & receiver change
RIOP 42006M001 A 0002  2007-04-29  2010-06-05 -

S5IA 414015001 A Q002 2001-02-13  2003-12-28 Jump

S5IA 414015001 A Q004  2005-06-16  2010-06-05 -

TUCU 415205001 A 0001  2002-01-01 2008-01-23 Change of trend in vertical velocity
TUCU 415205001 A 0002  2006-08-31  2010-06-05 -
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Figure 5. Station displacements caused by the earthquake occurred on 2010-02-27 in Chile.
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Figure 6. Discontinuities caused in the time series of station MEXI by the earthquake
occurred on 2010-04-04 in Baja California, Mexico.

5. Results

The final coordinates and velocities (Annex 3, Figures 7 and 8) contained in the multi-year
solution SIR10P01 refer to the ITRF2008, epoch 2005.0. It includes 183 stations with 204
occupations (due to the discontinuities summarized in Table 3). It is well known, that the
formal errors (included in the SINEX file) estimated in the GPS observation analysis are too
small because physical correlations between the GPS observations are not well known and
thus not considered. Therefore, standard deviations for station positions and velocities are
derived from the residual position time series. According to this, the precision of
coordinates at reference epoch is estimated to be ~+0,5 mm in the horizontal component
and ~x0,9 mm in the height. The precision of horizontal and vertical velocities is about
+0,2 mm/a and +0,4 mm/a, respectively. Table 5 shows the position and velocity
deviations of the SIR10P01 solution with respect to the ITRF2008.

35"

45



The SIR10P01 solution (coordinates, velocities, and SINEX file) is available at
www.sirgas.org. Please note that the reference epoch in the SINEX file is the epoch of the
first included GPS observation. Additionally, as mentioned above, the standard deviations
included in the SINEX file are not reliable. Realistic precision estimations are included
together with the coordinates in Annex 3, as well as in the SIRGAS web site.
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Figure 8. Vertical velocities of the SIR10P01 multi-year solution.
Velocities of ITRF2008 stations are included for comparison.

6. Sustainability of the SIRGAS reference frame

The former SIRGAS realisations (SIRGAS95 and SIRGAS2000) as well as the multi-year
solutions of the SIRGAS-CON network include those models, standards, and strategies
widely applied at the time in which they were computed; e.g. different ITRF solutions, ocean
tide loading, a priori ionosphere models for ambiguity resolution, relative corrections for the
phase centre variations until 2006 and absolute corrections afterwards, etc. In order to
evaluate the sustainability of the SIRGAS realisations, the following steps are carried out
(Sanchez et al. 2010b):
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1) The SIRGAS95 and SIRGAS2000 realisations are compared with the latest SIRGAS-
CON multi-year solution (SIR10P01). This comparison is done in the ITRF2008
reference frame and at the conventional epochs of the former realisations, i.e.
1995.4 and 2000.4

2) The different SIRGAS multi-year solutions are compared with the latest ITRF solution
(ITRF2008). For this purpose, the multi-year solutions are transformed to ITRF2008
and the coordinate comparison is done for epoch 2000.0. Transformation parameters
given in http://itrf.ensg.ign.fr/ are applied.

In all cases, stations affected by earthquakes are excluded.

Results (Tables 4 and 5) show a very good consistency between the different SIRGAS
realisations. The largest discrepancies (~2 cm) were detected for the SIRGAS realisations
referring to ITRF94 and ITRF97. Realisations referring to ITRF2000 and IGSO5 have an
agreement better than £5 mm. This reflects the expected improvement of the reference
frame as consequence of longer time series of station positions and the better new models,
standards, and analysis strategies applied today.

Although the reliability of the estimated positions and velocities of the SIRGAS reference
stations as well as its compatibility through time are demonstrated, it is necessary to give
special care to the reference frame deformations caused by seismic events. This implies the
permanent monitoring of the (continental and national) reference networks by means of
continuously operating GNSS stations and the consequent modelling of the deformations
caused by this kind of events (Sanchez et al. 2010b).

Table 4. Comparison of SIRGAS95 and SIRGAS2000 with the
multi-year solution SIR10P01

Comparison with SIR10P01
Common Position deviations: Offsets £ RMS
Realization | stations N[mm] E[mm] h[mm]
SIRGAS95 19 -21,3+£4,9 -18,7 £4,2 5,8 £18,3
SIRGAS2000 53 -0,3+8,6 0,1+£75 -6,2 +10,3

Table 5. Comparison of the different SIRGAS-CON multi-year solutions with the ITRF2008

Comparison with the ITRF2008

Solution Comman stationg Pasition deviations: Offsets £ RMS Velocity deviations: Offsets £ RMS

with ITRF2008 N[mm] E[mm] h[mm] VN[mm/a] VE[mm/a] Vh[mm/a]
DGF01P01 27 -16,3+8,0 72+195 279=+162 | -04=+26 3,1+4,7 1,345
DGF02P01 24 -24+£3,7 -2,5+5,8 4,0 £ 13,9 1,1+1,6 14+£2,1 -3,7 6,7
DGF04P01 35 -0,4+4,3 -3,4+5,0 1,3 £ 14,9 1,9+£23 1,3+£2,1 0,1+3,6
DGFO5P01 34 0,2+38 -2,0+5,0 0,1+ 131 1,8+2,1 1,1+£21 1,2+36
DGF06P01 32 0,039 -1,7 £ 4,9 1,1 12,3 2,0£2,.2 10£1,8 0,8 £3,0
DGFO7P03 22 -1,3+5,1 0,9 +6,2 -4,4 + 19,5 05+1,3 -0,4+1,3 05+27
DGF08PO1 28 -3,2+5,1 1,1+89 -8,0 = 10,0 05+1,3 -05+1,6 1,0+23
SIR09PO1 34 0,3x4,0 -0,6 £ 6,7 -5,1 £ 12,0 0,310 0,011 0,219
SIR10PO1 74 0,8+5,0 03+3,6 -4,9 + 8,6 -01+1,1 -0,1+1,1 0,0+£22
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Annex 1: Procedure to generate loosely constrained weekly solutions for the
SIRGAS-CON sub-networks

1)
2)

3)

4)

5)

6)

7)

8)

9)

Elevation mask and data sampling rate are set to 3° and 30 s, respectively;

Absolute calibration values for the antenna phase centre corrections published by the IGS are
applied;

Satellite orbits, satellite clock offsets, and Earth orientation parameters are fixed to the
combined IGS weekly solutions;

The quasi ionosphere free (QIF) strategy is applied for solving the L1 and L2 phase
ambiguities;

Periodic site movements due to ocean tide loading are modelled according to the FES2004
ocean tide model (Letellier 2004). The corresponding values are provided by M.S. Bos and H.-
G. Scherneck at http://129.16.208.24/loading/;

Zenith delay due to the tropospheric refraction (~ wet part) is estimated at a 2 hours interval
within the network adjustment and it is mapped using the Niell (1996) wet mapping function.
The a priori zenith delay (~ dry part) is modelled using the Saastamoinen model (1973) and it
is mapped with the Niell (1996) dry mapping function;

Daily free normal equations are computed and combined to get a loosely constrained weekly
solution for station coordinates (all station coordinates are loosely constrained with (11 m);
Stations with large residuals in the weekly combination (more than 20 mm in the N and E
components, and more than 30 mm in the height) are reduced from the normal equations.
Steps (7) and (8) are iterative;

These loosely constrained solutions in SINEX format are identified with the name
CCCwwww7.SNX, CCC identifies the corresponding processing centre (i.e. CIM, DGF, ECU,
GNA, IBG, IGA, INE, LUZ, URY), wwww stands for the GPS week, and 7 for including the
seven days of the week. The individual solutions delivered by the SIRGAS processing centres
are available at ftp.sirgas.org/pub/gps/SIRGAS/.
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Annex 2: Procedure to combine the loosely constrained weekly solutions for the
SIRGAS-CON sub-networks

The SIRGAS processing centres deliver loosely constrained weekly solutions for the assigned
SIRGAS-CON clusters. In these solutions, satellite orbits, satellite clock offsets, and Earth
orientation parameters are fixed to the final weekly IGS values and coordinates for all sites are
loosely constrained with +1 m. These individual contributions are integrated in a combined solution
by the SIRGAS combination centres: DGFI and IBGE. The processing strategy applied by DGFI for
the combination of the individual SIRGAS-CON clusters applies the Bernese Software V.5.0 (Dach et
al. 2007) and corresponds to (Sanchez et al. 2008, Sanchez et al. 2010a):

1)

2)
3)

4)

5)

6)

7)

8)

9)

Individual solutions are reviewed/corrected for possible format problems, station
inconsistencies, utilization of erroneous equipment, etc.;
Constraints included in the delivered normal equations are removed;
Individual normal equations are separately solved with respect to the same IGS stations used
for the GPS orbit computation (the so-called IGS reference frame). In this case, the IGS
reference station positions are constrained to the IGS weekly coordinates (igs yyP wwww.snx, for
reprocessed products the prefix igl is used). At present, the IGS05 reference frame is applied.
Once the IGS had included the new ITRF2008 as reference frame, we will use it, too.
Coordinates obtained in (3) for each processing centre are compared to the IGS weekly values
and to each other to identify possible outliers;
Stations with large residuals (more than 10 mm in the north or east components, and more
than 20 mm in the height) are reduced from the normal equations. Steps (3), (4), and (5) are
iterative;
Variances obtained in the final computation of step (3) are analysed to estimate variance
scaling factors for relative weighting of the individual solutions;
Once inconsistencies and outliers are reduced from the individual free normal equations, a
combination for a loosely constrained weekly solution for station coordinates (all station
coordinates constrained with =1 m) is computed. This solution is submitted to IGS for the
global polyhedron and stored to be included in the next multi-year solution of the SIRGAS
reference frame;
Additionally, a weekly solution aligned to the ITRF is computed. As in step (3), the geodetic
datum is defined by constraining the coordinates of the IGS reference stations to their positions
calculated within the IGS weekly combinations (igsyyPwwww.snx). The applied constrains
guarantee that the coordinates of the IGS reference stations do not change more than 1,5 mm
within the SIRGAS-CON adjustment;
Resulting files of these procedure are:

SIRwwww7.SNX: SINEX file for the loosely constrained weekly combination.

SIRwwww7.SUM: Report of weekly combination.

siryyPwwww.snx: SINEX file for the constrained weekly combination.

siryyPwwww.crd: Final SIRGAS-CON coordinates for week wwww.

For reprocessed solutions the prefix SI1 is used.

10) The loosely constrained combinations as well as the weekly SIRGAS-CON coordinates are

available at ftp.sirgas.org/pub/gps/SIRGAS/ or at www.sirgas.org.
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Annex 4: Time series of station positions

The time series of the station coordinates for the time span covered by the SIR10P01
solution (i.e. January 2, 2000 till June 5, 2010) are presented in the following. Coordinate
variations are given in centimetres and they are plotted on a weekly basis.

 __ NORTH COMPONENT fo) Station ALAR SIRGAS Analysis Centre at DGFI, 2010-07-02
3
.
-6
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
6 EAST COMPOMENT [cm]
3
0 : : : : - - -  — -*‘M-\,.-m
-3
-6
2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010
" UP COMPOMENT [cm]
2
o s bl s
o " ."-'-_..‘F L 'J.';-'n"‘
. ng iy
e
_2 *
-4
2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010
 __ NORTH COMPONENT fe) Station ANTC SIRGAS Analysis Centre at DGFI, 2010-07-02
FIL RS
w'®
3 | [ !:W vﬁw -
-
-6
2000 2001 2002 2003 2004 2005 2008 2007 2008 2009 2010
6 EAST COMPOMENT [em]
—T=
"
-3 - _aner e |
¥
¥ e
ﬁ‘ﬁ
-6
2000 2001 2002 2003 2004 2005 20086 2007 2008 2009 2010
4 UP COMPONENT [cmi]
2 I 4
. I L
P e L e £ .
0 <, o= v -.f": =t A T Oer
- e g’ ) F et
‘l. L - -, ']
-2 pi
-4
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

-29-



NORTH COMPONENT [cm] Statlon APTO SIRGAS Analysis Centre at DGFI, 2010-07-02
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