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Abstract. Satellite positioning systems allow the fixing of
the location of a point on the Earth’s surface with very good
precision and accuracy. To do this, however, it is necessary
to determine the point coordinates taking account the refer-
ence system and the movements that affect them because of
tectonic plate movements. These reference systems are mate-
rialized by a significant number of continuous measurement
stations in South America. In SIRGAS (Sistema de Referen-
cia Geoćentrico para las Aḿericas), there are four Analysis
Centers that process the data collected from satellites of the
Global Navigation Satellite Systems (GNSS), with the pri-
mary purpose to maintain the international terrestrial refer-
ence frame through calculation of the coordinates and veloc-
ities of the continuous GNSS stations of the SIRGAS-CON
Network.

In this work, we demonstrate the quality of the solutions
from CIMA, one of the SIRGAS official processing centers
operating in Mendoza, Argentina, in comparison with other
South American processing centers. The importance of pre-
cise calculations of coordinates and velocities in a global
frame is also shown. Finally, we give estimations of veloc-
ities from stations located within deformation zones in the
Central Andes.

Correspondence to:M. L. Mateo
(lmateo@lab.cricyt.edu.ar)

1 Introduction

Geodetic measurements from Satellite Laser Ranging (SLR),
Very Long Baseline Interferometry (VLBI) and Global Nav-
igation Satellite Systems (GNSS) are a valuable source of
information for understanding geodynamics processes such
as crustal deformation, post-glacial rebound, Earth rotation
irregularities, etc. (Drewes, 2006). A critical prerequisite
to extract reliable geodynamics signals from time series of
geodetic coordinates is to ensure the accuracy and the long-
term stability of the Terrestrial Reference Frame (TRF) to
which the geodetic coordinates are referenced (Altamimi et
al., 2007; Angermann et al., 2007). Millimeter-level accu-
racy and stability over years are needed to ensure that co-
ordinates changes with time are truly related to geodynamics
processes rather than to TRF instabilities. Moreover, TRF in-
stabilities may propagate to the geodetic coordinates through
the satellite orbits, which are determined on observations col-
lected from terrestrial tracking stations whose precise coor-
dinates are also referenced to the same TRF.

SIRGAS (Sistema de referencia Geocéntrico para las
Américas) contributes to the TRF for the Caribbean, Cen-
tral and South American regions, using the highest stan-
dards of modern geodesy (Sánchez and Brunini, 2009). The
SIRGAS TRF consists of more than 200 continuously op-
erating GNSS stations (SIRGAS-CON network), which are
grouped into four sub-networks: a continental one (SIRGAS-
CON-C) with about 100 stations homogeneously distributed
over Latin America and the Caribbean, and three densifica-
tion sub-networks (SIRGAS-CON-D) covering the northern,
middle, and the southern parts of the SIRGAS region. Data
of each sub-network are processed by one of the SIRGAS
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Figure 1 Agreement between the loosely constrained weekly solutions calculated by CIMA and DGFI.  
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Figure 2  Agreement between the loosely constrained weekly solutions calculated by CIMA and IBGE. 

 

 

Fig. 1. Agreement between the loosely constrained weekly solutions calculated by CIMA and DGFI.

Processing Centres: Deutsches Godätisches Forschungsin-
stitu (DGFI – Germany) is responsible for the SIRGAS-
CON-C network; Instituto Geográfico Agust́ın Codazzi
(IGAC – Colombia) for the northern denser sub-network; In-
stituto Brasileiro de Geogarfia e Estatistica (IBGE – Brazil)
for the middle one; and Centro Ingenierı́a Mendoza Ar-
gentina (CIMA – Argentina) for the southern one (see the
site distribution in the Fig. 3). Each Processing Centre deliv-
ers weekly solutions that are integrated into a unified solution
by the SIRGAS Combination Centres operating at DGFI and
IBGE. The DGFI combinations are made available to users
as official SIRGAS weekly reference frame solutions, while
the IBGE weekly combinations provide control and redun-
dancy.

This paper describes the processing methodology used by
CIMA, emphasizing the rigorous procedures applied to en-
sure the reliability of the weekly solutions computed by this
centre. These weekly solutions encompass around ninety sta-
tions (presently fifty eight) distributed all over the southern
part of the South American Continent and provide, at the
same time, the best TRF available in the region and an ac-
curate determination of the three-dimensional velocity of the
measured points, which reflect the present crustal deforma-
tion of the region (Seem̈uller, 2009).

2 Processing methodology

Since 2006, CIMA has been charged with the computation
of the sites of the southern SIRGAS-CON-D network (58 at
present). The raw GNSS data are processed with the Bernese
5.0 software (Dach et al., 2007). The main standards of this
process (see e.g., Natali et al., 2009) include an elevation
mask of 3◦; sampling rate of 30 s; IGS absolute calibration
values for the antenna phase centre corrections; IGS weekly
values for satellite orbits, satellite clock offsets, and Earth
orientation parameters; and ocean-tide loading corrections
derived from the FES2004 model. Additionally, the zenith
delay due to the neutral atmosphere refraction is estimated at
a 2 h interval within the network adjustment.

The output of this processing is a daily normal equa-
tion system whose unknowns are the position coordinates,
the carrier phase ambiguities, and the zenith delays. These

normal equations are termed “loosely constrained” in order
to stress that the position coordinate unknowns are statis-
tically constrained to be identical to given a-priory values
within a standard deviations of±1 m. This constraint is tight
enough to avoid the singularity of the normal system, but
loose enough to avoid distortions in the network due to da-
tum inconsistencies.

The undesired unknowns (i.e., the carrier phase ambigui-
ties and the zenith delays) are reduced and the daily normal
systems are stacked in a weekly normal system, whose solu-
tion provides the loosely constrained weekly coordinates of
the network. The first control applied to this process consists
of a comparison with the corresponding loosely constrained
weekly coordinates computed by DGFI and IBGE. This com-
parison is performed by means of a seven-parameter similar-
ity transformation between the common coordinates in the
different solutions. The residuals of this similarity transfor-
mation provide the first estimate of the network precision.

All weekly normal systems from 6 November 2006 to 13
April 2009, were then stacked in a multiannual normal sys-
tem whose solution provided the position coordinates and ve-
locities presented in this paper. At this stage, only the sites
with more than one uninterrupted year of data were con-
sidered. In order to solve this multiannual normal system,
the coordinate velocities,VX, were constrained to be con-
stant, so that the position coordinates for any given time,T ,
are related to the position coordinates at a reference epoch,
T0, by the linear relationX(T ) = X(T0)+VX · (T −T0). In
addition, the position-coordinate unknowns of 11 stations
(BRAZ, CHPI, CONZ, CRO1, GLPS, ISPA, LPGS, MANA,
SANT, SCUB and UNSA) where constrained to be iden-
tical to the values provided by the IGS05 solution (trans-
lated to the reference epoch with constant velocities) within
a small standard deviation (http://igscb.jpl.nasa.gov/network/
refframe.html). The reference epoch for this work was taken
at the middle of the observing periods, i.e.: 2008.0.

3 Results

We have obtained a time series of 127 weekly solutions (2
years and 5 month). Figures 1 and 2 show the comparisons
of coordinate solutions between CIMA-DGFI and CIMA-
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Figure 1 Agreement between the loosely constrained weekly solutions calculated by CIMA and DGFI.  
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Figure 3- Comparison of velocity vectors obtained by CIMA and ITRF2005 relative to the South American plate  

 

 

 

Fig. 3. Comparison of velocity vectors obtained by CIMA and
ITRF2005 relative to the South American plate.

IBGE, respectively. The precision of CIMA weekly solution
is estimated to be±2 mm in the horizontal components and
4 mm in height.

The coordinates of 92 stations distributed by South Amer-
ica were calculated. The precision of coordinates for the ref-
erence epoch is estimated to be±0.5 mm in horizontal com-
ponents and±0.9 mm in height.

Velocities were then estimated for stations with at least one
year of observations (75 stations). Stations with fewer obser-
vations received only a coordinate solution. The precision of
velocities we determined is about±0.9 mm/year.

In order to characterize the deformations zones the es-
timated velocities were reduced with respect to the South
America (SOAM) plate. The model used was NNR-
NUVEL1A (De Mets et al., 1994). Figure 3 shows the defor-
mations in the stations of the region.

4 Conclusions

For South America, the TRF (SIRGAS) provides a preci-
sion of measured coordinates estimated to be±0.5 mm in
horizontal components and±0.9 mm in height (Seem̈uller,
2009). Thus, this TRF allows the referencing the positions
of the measured sites and their variations with time with high
precision.

Good correspondence exists for the observed deformations
with respect to the SOAM plate motions between the veloc-
ities estimated by CIMA and those estimated by ITRF2005
(Fig. 3). Data resulting from the increased density of the
IGS network in South America processed by CIMA have al-
lowed a refined identification of the limits of deformations
zones within the Central Andes. To further improve our un-
derstanding of the behavior of the western margin of South
America, it would be necessary to incorporate into SIRGAS-
CON the data for continuous GNSS stations in Bolivia, Peru
and in the south of Argentina and Chile.
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