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GNSS networks in Spain

 2005-2009: deployment of regional

GNSS public networks (14 in total)

 Purpose: RTK services.

 Some issues affecting stations:

o No geodetic marks or choke ring antenas.

o No IERS dome numbers, duplicated names,

no IGS logs.

o Some networks didn’t publish RINEX files.

o No standard RINEX naming or compression.

o The most important: no homogeneous or

accurate coordinates for the stations.

o In general, poor coordination between IGN

and regional networks or vicinity regions.
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Specialized Commission of Geodetic System (CESG)

 Geographic Council (CSG), created by law 1545/2007.

 Some Commissions dependant of CSG; one of them, CESG (2011).

 A Working Group was created in 2012 in order to achieve 3 main goals:

o To adopt ETRF2000 as conventional realization of ETRS89 for Spain, following EUREF

recommendations.

o To process in a continuous way the GNSS data in order to produce cumulative and

homogeneous solutions.

o To publish a common web portal with basic information about all public GNSS networks.

 The WG members were, basically, the network managers and it was divided in:

oWeb portal WG

o Processing WG
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Some achievements of the web portal WG 

 IERS dome numbers for all stations and resolution of duplicated 4-char names.

 IGS logs in M3G for all stations.

 Publication of RINEX 2/3 files in public repositories, according to the RINEX naming standars.

 Sharing stations: real time data streams with vicinity regions and IGN<>regional networks.

 Homogenization of mountpoints naming.

2017 – Mountpoints naming agreement 2022 – Mountpoints MSM naming agreement
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Some achievements of the web portal WG (II)

 Web portal: REDGAE

(https://redgae.ign.es)

 Information about:

o Real time status of stations

o Metadata (logs / datasheets)

o Public services:

• Real time casters

• RINEX repositories

o “Official” coordinates

o Links, documents, contacts…

o Next contents:

• Time series & velocities

• Discontinuities

https://redgae.ign.es/
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Some achievements of the web portal WG (III)
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 Inclusion of the networks in EPOS.
o Spanish EPOS data node as a common repository > https://redgae-epos.ign.es/glasswebui/#/site

o FTP > https servers

Some achievements of the web portal WG (IV)

https://redgae-epos.ign.es/glasswebui/#/site
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Some achievements of the web portal WG (V)

Network Region Nr files in data node RINEX3 since

ARAGEA Aragón 7.799 01/2022

CATNET Cataluña 34.163 06/2017

ERGNSS España 221.195 07/2016

ERVA C. Valenciana 6.073 04/2016

GRAFCAN Canarias 6.716 11/2022

ITACYL Castilla-León 52.038 02/2018

RAP Andalucía 9.906 05/2017

REGAM Murcia 5.474 06/2022

REP Extremadura No data, no https -

RGAC Cantabria 1.717 02/2022

RGAN Navarra 7.864 04/2021

RGAPA Asturias Still no EPOS ---

RGE País Vasco 4.558 01/2022

Red GNSS Rioja La Rioja 1.187 02/2022

Red GNSS Madrid C. Madrid 6.006 (https IGN) 07/2016

XGAIB Baleares 8.868 (https IGN)

 This WG has been a good tool to harmonize

and coordinate the GNSS networks: they

contribute in all important projects, such as

EPN-D, EPOS, E-GVAP…

Data of GNSS networks in EPOS data node

EPN-D stations
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 Real Time Positioning Service (SPTR) at a

national level in addition to RTK regional

services.
o 270 stations providing data streams: IGN &

regional networks.

o Multiconstellation and network solutions.

o 13.000 users

Some achievements of the web portal WG (VI)
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Processing WG: Motivation

o Institut Cartogràfic i Geològic de Catalunya (ICGC)

o Instituto Tecnológico Agrario de Castilla-León (ITACYL)

o Instituto Geográfico Nacional (IGN)

o Instituto de Estadística y Cartografía de Andalucía (IECA)

 Many of the frames/coordinates of regional GNSS networks:

o weren’t consistent between each other nor in the same frame (ETRF05, ETRF00, ETRF??).

o weren’t observed in the same epoch nor covered same time span.

o weren’t homogeneously processed following rigorous processing guidelines.

o weren’t regularly updated (i.e. due to discontinuities or other changes in the network stations).

 A call for participation was issued to the WG. The following ACs volunteered to participate:
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IGN ICGC IECA ITACYL

PERIOD SUBMITTED 2011 - 2022 2011 - 2019 2011 - 2017 2011-2022

EXPERIENCE EUREF LAC since 2001, EPN-D, Repro1 & 2 Submitting a solution to EPN-D Submitting a solution to EPN-D as a sub-
net of ARA

Wide experience in GNSS processing

SOFTWARE Bernese 5.2 Bernese 5.2 Bernese 5.2 GAMIT/GLOBK 10.71

SYSTEMS GPS+GLONASS GPS+GLONASS GPS+GLONASS GPS

SOLUTION TYPE NETWORK NETWORK NETWORK NETWORK

GNSS NETWORKS PROCESSED Aragea, catnet, ergnss, erva, itacyl, 
meristemum, rap, regam, rep, rgac, rgan, 
rgapa, rge, rioja, xgaib

Aragea, catnet, ergnss, erva, 
meristemum, regam, rgan , rge

Ergnss, catnet, rap, rep, rgan, rgapa, rioja Epn, itacyl

ORBITS CODE CODE CODE IGS

ANTENNAS IGS14+IND. CALIB IGS14+IND. CALIB IGS08+IND. CALIB IGS14+IND. CALIB

IERS 2010 2010 2010 Solid Earth tide IERS2003, Short period Earth 
Orientation: IERS: 2010

GRAV. MODEL EGM08 EGM08 EGM08 EGM08

TROPOSPHERE VMF (1h) + GRAD (6h) VMF (1h) + GRAD (24h) VMF (1h) + GRAD (24h) VMF (1h) + GRAD (12h)

IONOSPHERE CODE (HOY Included) CODE (HOY Included) CODE (HOY Included) GMAP (2nd & 3th order) Magnetic field IGRF13

REF. FRAME IGS EPN EPN Igb14 orbits (loosely constrained)

OCEAN TIDES FES2004 FES2004 FES2004 FES2004

ATM. TID. LOAD YES YES YES YES

ELEV. MASK 3 3 3 5

Processing WG: ACs options
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Input files DOY DDD:

AC1YYDDD.SNX

AC2YYDDD.SNX

AC3YYDDD.SNX

SNX2NQ0

Deconstrained and 
transformed into normal 

equations

ADDNEQ1

Common datum is 
imposed

HELMERT

Checking datum 
conditions

FODITS

Detecting outliers

ADDNEQ2

Cleaning outliers

ADDNEQ3

Combination of the 
individual solutions

Output file DOY DDD:

COMYYDDD.SNX

COMYYDDD.CRD

COMYYDDD.NQ0

FODITS

Detecting outliers

ADDNEQ3

Cleaning outliers

Output files DOY DDD:

COMYYDDD.SNX

COMYYDDD.CRD

COMYYDDD.NQ0

Time series
Analysis of 

discontinuities

Velocities ETRF00

Datum EPN

EPN_IGb14_C2205

A priori coordinates

& velocities

Input 3 files for each AC

For year in 2011..2022

For DOY in 001..365

Output 1 combined file (SNX, CRD, NQ0)

For year in 2011..2022

For DOY in 001..365

• Time series

• Discontinuities

• Velocities ETRF00

Helmert loop:

thresholds 8, 8, 15 mm

x3

x3

x3

x3

x3

Step 1: Combination of daily SNX
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Input files DOY DDD:

COMYYDD1.NQ0

…

COMYY365. NQ0

ADDNEQ

Stacking of the combined files

COMB2022.SNX

COMB2022.CRD

COMB2022.NQ0

HELMERT

Checking datum conditions

ETRS89

ETRF00COMB2022.CRD

Quality check EPN stations

Comparison wrt past solutions List of stations to update

Datum EPN

EPN_IGb14_C2205

A priori 

coordinates & 

velocities

Discontinuities

Helmert loop:

Threshold 8, 8, 15 mm

Input 1 combined file

For year in 2011..2022

For DOY in 001..365

Output 1 stacked file: coordinates and velocities ITRF

• ETRF00 coordinates

• List of stations to update

Step 2: stacking daily combined NEQ into an unique solution

(12, 12, 20 mm) for

updating “oficial” CRD
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AbsNorth

Mean 0,87

95% Confidence Interval for 

Mean

Lower Bound 0,68

Upper Bound 1,07

Median 0,58

Variance 1,10

Std. Deviation 1,04

Minimum 0,00

Maximum 7,22

Datum alignement check

AbsEast

Mean 1,10

95% Confidence Interval for 

Mean

Lower Bound 0,85

Upper Bound 1,36

Median 0,52

Variance 1,86

Std. Deviation 1,36

Minimum 0,02

Maximum 7,52

AbsUp

Mean 2,78

95% Confidence Interval for 

Mean

Lower Bound 2,24

Upper Bound 3,33

Median 1,90

Variance 8,32

Std. Deviation 2,88

Minimum 0,08

Maximum 14,66

Abs. differences between combination and EPN coordinates

(EPN_IGb14_C2205) in datum stations. NEU components

# Datum Stations = 57

# No datum Stations = 246
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• 1st combination: 

Period:  [DOY 107 2011 – DOY 029 2017]

Epoch: 01-01-2017

Ref. frame: IGb08

Analysis Centres: 4

Finish date: ending 2017

271 stations

• 2nd combination: 

Period:  1st combination + [DOY 029 2017 - DOY 001 2020]

Epoch: 01-01-2020

Ref. frame: IGb08 + IGb14

Analysis Centres: 3

Finish date: ending 2020

310 stations

• 3th combination: 

Period:  1st combination + 2nd combination + [DOY 001 2020 - DOY 001 2022]

Epoch: 01-01-2022

Ref. frame: IGb08 + IGb14

Analysis Centres: 2

Finish date: ending 2022

303 stations

Cumulative solutions obtained by the processing WG

Original

Update CRDs: 

16 stations

Update CRDs: 

35 stations

Threshold for updating CRDs: 
12, 12, 20 mm
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3th combination: Data from 2011 to 2022

Ref. epoch 2022,0 

# Updated Stations = 35

Update of coordinates

Changes in coordinates dues to:

- North: change of antenas

- South: ETRF00 velocities towards W (2-3 mm/yr)

https://epnd.sgo-penc.hu
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Products: CRDs, time series, discontinuities, velocities (I)

Up velocities

GNSS ~-7.1 mm/y

EGMS ~-5.3 mm/y
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Products: CRDs, time series, discontinuities, velocities (II)

Discontinuities: 

FODITS + time series 

inspection + EPN disc.

Hz velocities 2011-2022 (CATS 3.1.2)

West displacement in the southern región 2-3 mm/yr

Full agreement with EPN-D
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 The WG has been demonstrated a good tool to harmonize and organize all the public GNSS

networks: unique and updated geodetic reference frame, data, metadata, services…

 Thanks to this coordination, regional Spanish stations are integrated in the most important

projects in Europe, such as EPN-D, EPOS or E-GVAP.

 There is a common web portal (https://redgae.ign.es) and RINEX repository (EPOS data node).

 There is a national RTK service (SPTR) as the result of a good cooperation between all the

GNSS public networks (IGN + regional).

 The cumulative solutions produced by the WG constitutes the ETRF00 reference frame in the

country, consistent with EPN products, homogeneously processed, same time span…

 An historical Repro is already on-going, which also will be sent to EPN-D.

Conclusions

https://redgae.ign.es/
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