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Introduction

− Objective: To establish a geocentric reference frame as ITRF densification in South America

− First SIRGAS GPS campaign

→ Geocentric Reference System for South America: SIRGAS95 [54 stations, ITRF94, 1995.4]

− Second SIRGAS GPS campaign: SIRGAS95 network plus stations in Central and North America

− UN Cartographic Conference for the Americas recommends to use SIRGAS for geo-referencing 

matters the Americas

→ Geocentric Reference System for the Americas: SIRGAS2000 [184 stations, ITRF2000, 2000.4]

− International Workshop for the Establishment of the GGRF in Latin America recommends to extend 

the SIRGAS objectives to establish a unified physical reference frame for gravimetry, geoid and 

physical heights

− To support the activities of the Working Group of the Geodetic Reference Framework for the Americas 

(GRFA) of UN-GGIM-Americas

→ Geodetic Reference System for the Americas, including a physical reference frame for 

gravimetry, geoid and physical heights
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SIRGAS Reference Frame Analysis at DGFI-TUM

→ Conceptualisation, strategy for the realisation, coordination, data collection and data analysis 

of the two GPS campaigns for SIRGAS95 and SIRGAS2000

→ Analysis of the SIRGAS Continuously Operating Stations until the first Latin American SIRGAS 

Analysis Centres were installed

→ Operational analysis of the SIRGAS Core Network, responsibility transferred to the Latin 

American Analysis Centres 

→ Operational SIRGAS Combination Centre, responsibility transferred to IBGE, BR

→ SIRGAS Combination Centre for research purposes

→ Operational computation of cumulative solutions (station positions and motions), responsibility 

transferred to the Latin American Analysis Centres 

→ Computation of cumulative solutions and surface deformation models (VEMOS: velocity 

models for SIRGAS) for research purposes

→ SIRGAS portal www.sirgas.org, new official SIRGAS web site https://sirgas.ipgh.org/

→ DGFI-TUM research results and products for SIRGAS at www.sirgas.org
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SIRGAS Reference Network

495 stations (174 decommissioned), as 

of June 2025

→ 111 IGS stations

→ 384 regional stations

→ All tracking GPS

→ 445 tracking GLO

→ 247 tracking GAL

→ 197 tracking BDS
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SIRGAS Reference Frame Analysis and Products

• Analysis

− 12 GNSS analysis centres (8 Bernese 

Software, 4 Gamit [GNA, INE, PER, UCR])

− Two GNSS combination centres

− One analysis centre for the Neutral 

Atmosphere

• Products

− Combined tropospheric Zenith Path Delays 

(hourly sampling rate)

− Weekly station positions aligned to the ITRF

− Cumulative solutions (station velocities, time 

series, post-seismic functions)

− Velocity models VEMOS
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− 12 analysis centres

− Unified analysis standards according to the 

IERS (International Earth Rotation and 

Reference Systems Service) and the IGS 

(International GNSS Service)

− Satellite orbits, corrections to satellite clocks 

and Earth orientation parameters are fixed 

to the final weekly IGS values (SIRGAS 

does not compute these parameters)

− Each station in three individual solutions

− SIRGAS analysis centres deliver weekly 

loosely constrained solutions (positions for 

all stations are constrained to 1 m)

Operational analysis of the SIRGAS reference frame
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Operational analysis of the SIRGAS reference frame
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Operational analysis of the SIRGAS reference frame

Coordinates of fiducial points have to be given 

− in the same reference frame in which the 

satellite orbits are given (IGS reference 

frame)

− at the same epoch when the GNSS data is 

obtained

log or exp

Mathematical 

approximation 

(harmonic functions) 

or non-tidal loading 

modelling

Datum definition in 

SIRGAS (Mackern and 

Sánchez, 2009): IGS 

weekly coordinates of IGS 

fiducial points with weights 

equal to the inverse of their 

standard deviations

Conventional 

realisation 

related to a 

secular centre 

of mass
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Weekly Station Coordinates (positions)
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ITRF, IGS Reference Frame, SIRGAS

1) In the SIRGAS processing, the GNSS satellite orbits and clocks are introduced as known parameters. 

Consequently, the station coordinates refer to the same reference system/frame as the GNSS orbits.

2) As all GNSS stations included in the ITRF solutions do not present the same quality, the International GNSS 

Service (IGS) selects a set of globally distributed, stable ITRF GNSS sites to be used as the reference frame for 

the computation of the IGS final products (i.e. satellite orbits, satellite clock, Earth orientation parameters, 

corrections to the antenna phase centre variations (PCV)). This station selection is called IGS reference frame.

IGS/GNSS stations in ITRF2014 IGS14 reference (core) network
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1) The publication of a new ITRF is quickly followed by the release of an updated IGS reference frame:

− it includes station positions and velocities referring to the new ITRF and 

− new corrections for the antenna PCVs consistent with the new ITRF.

− It is identified as the ITRF, but using IGS: ITRF2014 → IGS14

2) By refinement of an IGS reference frame (by adding/excluding stations or extending the time covered) 

and improved (better) version is released, i.e., IGS08 → IGb08.

3) In this way, the SIRGAS weekly solutions refer, for instance: 

− IGS05: 2006-11-05 thru 2011-04-16 

− IGS08/IGb08: 2011-04-17 thru 2017-01-28

− IGS14/IGb14: 2017-01-29 thru 2022-11-26           

− IGS20: 2022-11-27 thru 2025-02-01           

− IGb20: since 2025-02-02

4) It is expected that the IGS reference frames are completely equivalent to the corresponding ITRF in 

orientation, translation and scale. In this way, the IGS final products can be considered to be nominally in 

the current ITRF.

5) However, the introduction of a new reference frame causes artificial changes (discontinuities) in the 

station positions.

ITRF, IGS Reference Frame, SIRGAS
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From IGS05 to IGS08/IGb08
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From IGS08/IGb08 to IGS14/IGb14

Horizontal Vertical
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Reprocessing of the SIRGAS Reference Frame
1) Changing reference frame solutions and analysis standards may introduce spurious artefacts and 

systematics in the station position time series. 

2) Therefore, to ensure reliability and long-term stability of geodetic reference frames, the historical 

geodetic data have to be reanalysed from time to time using a unified set of newest standards and 

conventions over the complete time span. In SIRGAS, two reprocessing campaigns have been 

performed so far:

− SIRGAS-Repro1 comprises GNSS data from 2000-01-02 to 2008-08-30 and its main objectives 

were to consider absolute corrections for the phase centre variations of the GNSS antennae and to 

refer station positions and velocities to the IGS05 reference frame. These reprocessed solutions are 

identified with SI1.

− SIRGAS-Repro2 comprises GNSS data from 2000-01-02 to 2022-01-01 and its main objectives 

were a quality evaluation of the SIRGAS GNSS historical data, a homogeneous analysis of all 

existing SIRGAS data, and to refer all weekly solutions to the IGS14/IGb14 reference frame. These 

reprocessed solutions are identified with SI2.
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Comparison of weekly operational solutions and SIRGAS-Repro2

• Weekly station position 

repeatability in operational 

SIRGAS analysis

− IGS05: 

N/E: 2.8 mm, h: 6.0 mm

− IGS08/IGb08: 

N/E: 1.8 mm, h : 3.5 mm

− IGS14/IGb14: 

N/E: 0.8 mm, h: 2.6 mm
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Comparison of weekly operational solutions and SIRGAS-Repro2

• Weekly station position 

repeatability in SIRGAS-Repro2

− Before January 2017 

N/E: 1.3 mm, h: 3.8 mm

− After January 2017 

N/E: 0.8 mm, h: 2.6 mm
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Weekly Station Coordinates
Availability at www.sirgas.org
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Weekly Station Coordinates
Availability at www.sirgas.org
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Weekly Station Coordinates
Availability at www.sirgas.org
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Weekly Station Coordinates
Availability at www.sirgas.org
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SIRGAS Cumulative (multi-year) Solutions

IGS

IGS-RF.snx solution

~30
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SIRGAS Cumulative (multi-year) Solutions
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DGF00P01

DGF05P01

SIR10P01
SIR17P01

SIRGAS Cumulative (multi-year) Solutions
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Latest reference frame solution – SIRGAS2022
SIRGAS-Repro2: 2000-01-02 thru 2022-04-30
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SIRGAS-Repro2: Stations per year
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Compiled with GMT

Compiled with GMT

SIRGAS-Repro2: Years per station
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Antenna change: 747 Co-seismic displacements: 192 Unexplained discontinuities: 97

SIRGAS-Repro2: Discontinuities (1389 occupations)
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Present challenge: handling of co- and post-seismic effects

𝛿𝑥𝑃𝑆𝐷 𝑡 = 

𝑖=1

2

𝐴𝑖 ∙ log 1 +
𝑡

𝑖

𝛿𝑥𝑃𝑆𝐷 𝑡 = 𝐴𝑖 ∙ log 1 +
𝑡

𝑖
+ 𝐴𝑒 ∙ 1 − exp −

𝑡

𝑖

A : amplitude

: duration post-seismic effect

t: time difference with respect to the time of 

occurrence of the earthquake
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Present challenge: handling of co- and post-seismic effects

SIRGAS2022

− 21% of the discontinuities 

correspond to co-seismic 

displacements

− 62 post-seismic functions

− Coefficients of these functions 

change when time increases

− The seismic effects of different 

earthquakes are superimposed, 

requiring several approximation 

functions for the same station at 

very short time intervals
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SIRGAS2022 Reference Frame Solution

• Newest reference frame 

solution

• From Jan 2000 to April 2022 

(update every 6 months)

• SIRGAS-Repro2 in IGb14 

(Jan 2000 – Dec 2021) + 

operational SIRGAS solutions 

in IGb14 (since Jan 2022)

• 587 stations with 1389 

occupations

• IGb14, 2015.0

• Accuracy

− Positions at reference epoch: N/E: ±0.8 mm, h : ±1.4 mm

− Velocities: N/E: ±0.6 mm/year, h: ±1.0 mm/year
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SIRGAS multi-year solutions
Availability at www.sirgas.org
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Surface kinematic models inferred
from multi-year solutions

Precise station velocities from reference frame multi-year solutions

Removal of plate tectonic motions from the input (observed) velocities 

to obtain deformation vectors

Interpolation of the residual velocities to a regular grid using a 

geodetic Least Squares Collocation approach (LSC) 

Addition of plate motions to the interpolated residual velocities

Input data

Remove plate motions

LSC  prediction

Deformation model

Restore plate motions

Velocity (kinematics) surface model

Tectonic settings from Seismology
Correlation between deformation vectors and  tectonic/deformation 

features described by Seismology
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Modelling of deformations based on the geodetic 
Least Squares Collocation approach (LSC)

2D-vector prediction:

vpred = Cnew
T Cobs

-1 vobs

vpred = predicted velocities (vN, vE)

in  a regular grid

vobs = observed velocities (vN, vE)

in geodetic stations

Cnew= correlation matrix

between predicted

and observed vectors

Cobs= correlation matrix

between observed

vectors (CNN, CEE, CNE)

C matrices are built from empirical isotropic, 

stationary covariance functions.

Bessel

2

3

6
1 4

n 7

5
8

d4-7

dn-5
d7-8

dn-4

d6-7d1-4

Baeyer

c = E(xi·xj)

d

c = c0 · 𝑒
-b·d²
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Surface kinematics and deformation model within 5 years after 
the 2010 Maule earthquake: VEMOS2015 (2010.2 ... 2015.2)



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 35

Surface kinematics and deformation model from 
January 2014 to January 2017: VEMOS2017
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Sequence of surface deformation models in SIRGAS
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Surface kinematic models
Availability at www.sirgas.org
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Further reading

https://sirgas.ipgh.org www.sirgasorg

https://sirgas.ipgh.org/
http://www.sirgasorg/
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