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OUTLINE

*  What is needed to use GNSS for Solid Earth Science - Back to basics!

* The need for a global infrastructure and the “Global Geodetic Reference Frame
* Presentation of EUREF

* The EPOS GNSSTCS GNSS data & products

* Handling of metadata in EPOS TCS GNSS — common handling also for EUREF

* The EPOS data & product line

* Some brief examples of use cases



BACK TO BASICS — SATELLITE ORBITS

Example:
An orbit error of 2 m cause an

error in baseline of 10-.
r=20200 km This cause 10 cm error for a

|000 km baseline.

d=1000 km
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http://www.igs.org/
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ITRF2014 sites

ITRS and
ITRF2014

ITRF2014 map from:
Altamimi, Z., P. Rebischung, L.

Métivier,and C. Xavier (2016), SLR/LLR
ITRF2014:A new release of the laser
International Terrestrial

Reference Frame modeling

nonlinear station motions, J. &. GPS
Geophys. Res. Solid Earth, 121, —  station
doi:10.1002/2016)B0 13098 PR



LANTMATERIET

WHAT IS EUREF?

EUREF is the IAG Reference Frame Sub Commission for Europe
Founded in 1987

Members of EUREF are the European countries (following the IUGG
membership rules)

Contributors to EUREF are hundreds of agencies and institutions
providing data, resources, and manpower on a voluntary basis

EUREF provides all its products on the ,,best effort‘ basis and free
of charge to the public

IAG: International Association of Geodesy
IUGG: International Union of Geodesy and Geophysics
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WHAT IS EUREF?

Main objectives of EUREF are the

maintenance of the

European Terrestrial Reference System (ETRS89)
European Vertical Reference System (EVRS)

Basis and infrastructure for them are the

EUREF (GNSS) Permanent Network (EPN)
Unified European Levelling Network (UELN)

= | ‘ \
EEIR] 2021 Jan 27 02:36:02 | [} \ l ‘ \http://www.epneb.eu

EUREF Permanent Network (EPN),
Currenlty some 350 permanent GNSS stations


http://www.euref.eu/
http://epncb.oma.be/
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EUREF AND ETRS89

At the global level we have the International Terrestrial Refer:’“lsgg
System and Frames (ITRS/ITRF) o of €
\

For Europe we have the European Terrec*"'a (.e,o\\iq).(.ce System, ETRS89,
and its realizations: \nove

e
ETRS89 is by its definition cofncjd GUCOY 17
part of the Eurasi=; (5\65 \§

RS at epoch 1989.0,and fixed to the stable

i.e. velociti O\\ (;0\3“ aie related to the “stable part” of the Eurasian Tectonic Plate
E"gc '\C,O\\\’...andatory for data exchange under the INSPIRE Directive
P(‘,\,/IZIEC,within EU member countries.
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EPN Densification

Based on EPN, but complemented by computed weekly position solutions from
some 20 networks. Today “some 3000” stations.

Evolves towards common EUREF — EPOS products!!
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OBJECTIVES EPOSTCS GNSS DATA & PRODUCTS
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EPOS-GNSS

TCS GNSS Data
& Products

Community

o0
oo ©®
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GNSS TCS (EPOS-ERIC) Partners

List of Pan-European Service Providers:
BKG Bundesamt fiir Kartographie und Geodasie, DE
CNRS-OCA Observatoire Cote d’Azur, FR
CNRS-UGA Université Grenoble Alpes, FR
INGYV Istituto Nazionale di Geofisica e Vulcanologia IT
LM Lantmateriet, SW
LTK Lechner Knowledge Center, HU
ROB Royal Observatory of Belgium, BE

UBI/C4G U. Beira Interior/Colaboratory for Geosciences, PT

WUT Warsaw University of Technology, PL

O
o

+

Data Providers (National Research Infrastructures)

EUREF (Data, Data Products & Services)
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EPOS GNSS work flow

GNSS Data GNSS Products

New station Gateway Gateway
metadata
added to

Velocities

New station
metadata

Positions,
velocities

Quality
control
information

Strain
rates

GNSS data GNSS analysis GNSS analysis
provider centre centre

UCA

Université
Grenoble Alpes
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EPOS PILOT-OPERATIONAL PHASE

~ 5000 permanent GNSS stations

Not all EPOS-GNSS services are fully operational:

- GNSS network is being build
- GNSS data flow is set up
- GNSS products are being refined

The services that are working are under test

EPOS ambition
Provide access to data from ~3000 GNSS stations

Cite as: Bruyninx C., Fabian A., Miglio A., Legrand J. (2021). How to integrate a GNSS station in EPOS? EPOS-GNSS webinar, 18-19 Jan. 2021, https://doi.org/10.24414/ROB-EPOS-GNSS.PR.01.2021

pEnhage

[Bay/ofiBisc.
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1145 EPOS-GNSS stations — January 2021
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R GENERAL GNSS STATION
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& e op & mmes REQUIREMENTS _
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o o iee gl 1. Permanently tracking GNSS stations 7
209 = T’{: S a) Presently active =
4 Russia or 8
oo b) Decommissioned stations that =
worked for minimally 3 years @
OUkrgee @ ) : &
R JI° 2. Provide free access to daily RINEX data 2
- (v2 or v3) <
* o ‘ 'm:m ’mwéi'- 3. Maintain station metadata (site log +
® oA S0 other metadata)
: Cyprus® ;
. .Casabfa.ncé ‘ IS5 Erw',-::: hq.s.

GNSS DATA
Cite as: Bruyninx C., Fabian A., Miglio A, Legrand J. (2021). How to integrate a GNSS station in EPOS? EPOS-GNSS webinar, 18-19 Jan. 2021, https://doi.org/ 10.24414/ROB-EPOS-GNSS.PR.01.2021 AND PRODUCTS




M?G >  Station Guidelines> Agencies>  Station List > Data Availability >  Data Supplier Letter > Metadata > Data Provision > Summary

—
Metadata Management and Distribution ) ® o .
o

System for Multiple GNSS Networks ® ®

. (w1

L ]

- =
n Agencies Stations Metadata Catalog EPOS Data Modes Networks Documentation~  About Login

Welcome!

2
63’(,@' Supported GNSS networks 2577 GMSS stations with metadata in MG Updates

TPOLOOHUMN yesterday
Receiver changed to LEICA
GRX1200GGEPRO (5M:356558)

\A)
S.'\ \ % EUREF Permanent [ ]
\\'(S'Q Metwork (EPN)
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TATAOOHUN yesterday
Antenna changed to LEIAR20 LEIM

[SM:21304011)

SZFVOOHUN yestarday
Antenna changed to LEIAR20 LEIM
[SM:21274024)
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PUSPOOHUMN yesterday
Receiver changed to LEICA
GRX1200GGEPRO (SM:-352257)

EPN Densification
Metwork

c ®

MOMNODOHUN yesterday
Receiver changed to LEICA
GRY1200+GMNSS (SN:456749)

JASZOOHUNM yesterday
Antenna changed to LEIAR20 LEIM
[SM:21274011)

L - —
Eurup_ean Plate Moar. L m ERN stmiong BOLGOOITA yesterday
Observing System " Alera r FPM den=ification starinns & Sortine 11 GNSS DATA

Cite as: Bruyninx C., Fabian A., Miglio A.,, Legrand J. (2021). How to integrate a GNSS station in EPOS? EPOS-GNSS webinar, 18-19 Jan. 2021, https://doi.org/10.24414/ROB-EPOS-GNSS.PR.01.2021 AND PRODUCTS




Metadata Management and Distribution
System for Multiple GNSS Networks

Su rted GNSS vork
Note that the M3G GNSS metadata B
service is common for EUREF and EPOS
and possibly other network stations EUREF Permanent

Network (EPN)

https://gnss-metadata.eu () @

EPN Densification
Network

o ®

European Plate
Observing System
(EPOS) Network

°EP@S

2583 GNSS stations with metadata in M3G
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https://gnss-metadata.eu/

DATA PORTAL

P§ gnssdata-epos.oca.ew/ x Ieg =
« ¢ @ O &%« s mPoooe ¢ =

L Les plus visités B GAMIT [ Wagtail - Editing Regu... @ https/data.geus.di/e.. 3 hitp://ics-c.epos-ip.or.. & EUREF Permanent GN... @ EPOSGNSS-Take-off .. Mg TCSwebserver setupr.. [ fondamentaux projets... A ICS-TCS/ Documentat... @ Général (IGN) | Micros... b ICS-TCS / POT-reports... »

EP@S GNSS DATA GATEWAY

oca.eu/#/site e
& m3G

Command Line Client History Help ~ | (% Products portal

Show advanced search

This button allows to show and hide more advanced parameters
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b b ar e Zoom : CTRLYSCROLL Leafiet

Marker =« Site Name Lat Lon Alt Install Date End Date

Country State Agency Network

E——
_IHVEFSE filter

AARSO0BEL AARSCHOT 50.963 4836 104 660 2002-10-04 00:00:00 Beigium Viaams-Brabant Aarschot Royal Observatory ... FLEPOS o
[ | ABANOOESP Abanilia 38.175 -1.054 207.620 2013-02-11 00:00:00 Spain Region De Murcia Parque De Bomber... Red Geodésica Acti... REGAM ]
ABEPOOGBR Aberporth 52139 -4.571 187.510 2005-07-21 00:00:00 United Kingdom Ceredigion Aberporth Ordnance Survey Li OS Net
ABGOOOGLP Abri_geophysique 16.041 -61.659 1.254.510 2017-05-18 00:00:00 G G 971) Saint Claude Guadeloupe Seismi VvOoLC
ACALOOESP Los Alcazares 37.731 -0.861 67.590 2013-02-11 00:00:00 Spain Region De Murcia Parque De Bomber. Red Geodésica Acti REGAM
ACEROOITA Acerenza (PZ) 40.787 15942 764.700 2007-07-11 00:00:00 italy Basilicata Acerenza (Pz) Istituto Nazionale di ... RING
ACINOOESP Albarracin 40 409 -1.437 1.177.850 2010-01-19 00:00:00 Spain Teruel Albarracin Instituto Geografico NA
ACNSOOESP Alcanices 41.700 -6.352 871.200 2008-02-14 00:00.00 Spain Zamora Alcanices Instituto Tecnologic N/A
ACOROOESP A Coruna 43.364 -8.399 66.960 1998-03-06 10:10:00 Spain A Coruna A Coruna Instituto Geografico EPN
ADAROOGBR Aberdaron 52.789 -4.741 148 360 2009-03-04 00:00:00 United Kingdom Gwynned Aberdaron Ordnance Survey Li... EPN & OS Net
ADCS00 Adamclisi 44088 27.966 189.150 2019-05-14 00:00:00 Romania Constanta Adamclisi National Institute for N/A
ADEOOOGLP DESIRADE AIRPORT  16.297 -61.087 -40.330 2002-09-05 00:00:00 G p G pe (971) LaDesl.. G L, Ksm'N \.’OILC M A I t
RIET

http://gnssdata-epos.oca.eu/
More Details: DATA PORTAL - HOW TO DOWNLOAD DATA & METADATA, M. Vergnolle & J-L Menut
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PRODUCTS PORTAL

c @ gnssproducts.epos.ubi.pt ) = g W @

EP@S GNSS PRODUCTS PORTAL

Please to download Data Controls
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9-Char ID 4 Site Name Altitude Country City Agency Network Availability
AJACOOFRA Ajaccio 98.78 France Ajaccio Institut National de l'Information Géographique et Forestiére EPN &IGS a
- BRSTOOFRA Brest 65.52 France Brest Institut National de I'lnformation Géographique et Forestiére EPN &GS a I
BRUX00BEL Brussels, BE 158.26 Belgium Brussels Royal Observatory of Belgium EPN & ROB_GNSS & IGS n
EBREOOESP Ebre 107.32 Spain Roquetes Institut Cartografic i Geologic de Catalunya EPN &GS n
FFMJOODEU Frankfurt / Main 178.19 Germany Frankfurt / Main Bundesamt fuer Kartographie und Geodaesie EPN &IGS a
FLRSOOPRT Santa Cruz das Flores 79.86 Portugal Santa Cruz Das Flores Direcao-Geral do Territorio EPN &1GS u

http://gnssproducts.epos.ubi.pt/ | antmiterier

et —]
More Details: PRODUCTS - WHAT PRODUCT FOR WHAT USAGE?, Anne Socquet

PRODUCTS PORTAL - HOW TO DOWNLOAD PRODUCTS, M. Bos & J. Manteigueiro



EPOS GNSS work flow

GNSS Data GNSS Products

New station Gateway Gateway
metadata
added to

Velocities

New station
metadata

Positions,
velocities

Quality
control
information

Strain
rates

GNSS data GNSS analysis GNSS analysis
provider centre centre

UCA

Université
Grenoble Alpes
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Who contributes to EPOS GNSS Products ? A

Pan-European Service providers for EPOS-GNSS

X - 3\
e AP ki, @ 5 Analysis Centers % WUT  [[]ieciner @ @ m
3 lceland ) R e  f INGV )
@ -' | O | Product Gateway ||” o
 Sweden @ 4 Other Product-Related Services 5/BKG e UCGA GZ)
g 0
- [ (] [ m
T National contributions to EPOS-GNSS Products
e o o 16 EUREF Analysis Centers 5
3 / “”l‘ANTM.ﬂTER\ET g
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What are the GNSS products? A

Daily / Weekly
Position Time

. - fC Secular | ‘ \

velocities

|
|
|
F 3002 e s

et
-

Strain rate

120z Aenuer 6T-8T Jeulqd M\ SSNO-SOd3
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What are the different products labels? VWhat are their specificities?

EPOS

Two product solutions developed specifically for EPOS

Principles:

* Open science, reproducible
« All data available:RInEx from EPOS-GNSS Data Gateway, metadata available &

verified

* Fully documented processing strategies using open-source softwares

* Specifically designed for geophysical studies (including for slow movements)
* Each solution is internally-consistent, generated @ a single Pan-European processing center

with one strategy

Daily positions & Multi-year solutions

» Two independent daily solutions :

* generated @ 2 independent processing centers

* with 2 independent processing Strategies & Softwares :

Positions I

Time Serie’

Double difference UGA
GAMIT/GLOBK/PYACS  &renobie alpes
Automatic updates @ D-2 & D-25

PPP
GIPSY-OASIS-II
Regular Updates

TOEN
&

INGV

» Automated outlier rejection, introduction of discontinuities in time series
» Velocities Computed with MIDAS, station classification based on uncertainty

Independent cross-comparison and valida
@ 2 Pan-European EPOS Analysis Centet Velocities | Quality @ Pan-European Analysis Combination

G easaiparison of Positions Time Series using CATREF
|dentification of outlier and inconsistencies
» Validation or feedback to the EPOS Analysis Centers

LECHNER

“| TUDASKOZPONT

UGA

Université
Grenocble Alpes
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UCA

Université

What are the different products labels? What are their specificities! EE=t=
EUREF

Original EUREF product made available through the EPOS GNSS Product Gateway

Principles:
* Open data : RInEx available from EPN data centers, metadata available & verified

* Specifically designed for geodesy and reference frame studies : -
* Geodetic-class stations from the EUREF Permanent Network (EPN)
* Densifies ITRF over Europe and provides access to European Terrestrial Reference Frame (ETRF/ETRS89)

120z Aenuer 6T-8T Jeulqd M\ SSNO-SOd3

Regional daily position Daily and Weekly Combined Positions Multi-year Solution
solution @ EPN Analysis Combination Center @ EPN Reference Frame Analysis
@ 16 EPN Analysis Centers _Positions | Center _Positions _{
> each station processed by at least 3 > Pan-European combinations with Bernese » Updated each 15 weeks M
ACs to insure redundancy and » EachAC solution is compared to the combined 3  Using CATREF Velocities l
> 3 softwares: Bernese, Gamit, Gipsy =~ » Aligned to IGS 14 using no-net-translation introduction of position and velocity discontinuities,
™ ZBKG station classification based on velocity uncertainties
> < = from Hector and velocity variability *
LANTMATERIET e-geos \V l ' *****
[] LECHNER £71N\ —_—
=) GNSs DATA
AND PRODUCTS




UCA

Université

What are the different products labels? What are their speC|f|C|t|es7
EPOS-EUREF

Densification Product fromm EUREF and EPOS

Principles:

* Provide a densified velocity field, including non-EPOS
stations that do not release raw data (yet?)

Regional daily position solution =m) Multi-year Combined Solution _Positions §
@ 30 EPND & EPOS Analysis Centers @ EPOS-EUREF Combination Centia—'-r'me Serie

m
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Velocities l

Weekly Combined Positions Time Series using CATREF

Velocities using CATREF, MIDAS,HECTOR

Station metadata harmonization

Outlier rejection by automated and visual inspection of time series,
introduction of position and velocity discontinuities, velocity filtering,
removal of non-representative stations (data quality or monumentation)

LECHNER

~]| TUDASKOZPONT GNSS DATA
- AND PRODUCTS

» 3 softwares: Bernese, Gamit, Gipsy

® icgc.cat
ICN ' INGV

YV VY

LANTMATERIET
e ———
INSTITUTO 3
GEOGRAFICO
NACIONAL o




UCA
WHAT PRODUCTS FOR WHAT USAGE? USE CASES e

Secular GNSS Velocities (EPOS-EUREF solution)

UCI : Structural geologist wants to get the secular

- . m
displacement rates and the strain rate maps in Spain ol e 3
=T o
- ®
Recommended products : T =
- EPOS-EUREF densified Velocity field from LTK rotated wrt Stable Europe o g
- Strain Rate products from LM R SE N T S S
Additional products : - %
- EPOS velocity fields from INGV and UGA-CNRS rotated wrt stable Europe - N ©
- EUREF velocity field from ROB-WUT rotated wrt stable Europe _ )
Style of Deformation Strain Rate =
Q
@*,ﬁ\“‘”;i‘l"‘;;;_;;;,:f 2

e NI x o s 4t xos=
;‘:,:étf:::ff.::;;;::;;}f& N
T g S o =

»{'*l it 8 /f+rl/r—-—-p},:7

o i ?
/* _’,.' O P S R
i
"l -

BRI 4‘*‘\',\’;41,_

N i W
°E 9°W T7°W 5°W 3°W 1°W 1°E 3%
279 Invariant of 3D ¢ tensor
Dominant Deformation Style (nano-strain/year)

[ ———aaaa— |

-50 -25 0 25 50 1 10 100

PinaValdes et al.,in prep AN%NSSODDA&TS




WHAT PRODUCTS FOR WHAT USAGE? USE CASES

UC?2 : Seismologist wants to get the time series associated with

the 2016 earthquake sequence in Italy

CEsl

ms= 2.4 mm #1206 W North = 20.71 mmiyr (2016 001 - 2017 287)

N {mm)

North

GUMA

rms=15.9 mm #1296 ¥ North = 18.46 mmiyr (2016 001 - 2017 287)

5

0
-5
-10
-15

N imm)

-20

=25
=30

East

“Hes

20165 2017.0 20175
rms= 178 mm #1296V East = 26.06 mmiyr (2016 001 - 2017 287)

UGA

Université
Grenoble Alpes

87)

E(mm}
&
3
.

Recommended products :
- EPOS daily time series from INGV and UGA-

CNRS

E (mm}

~40fT. W o

X 2016.5 2017.0. 20175
Up Fms= 244 mm #1206V Up = -12.84 mmyyr (2016 0012017 287)

U imm)

GNAL

Additional products :

North rms= 3.9 mm #1276 ¥ North = 16.21 mmiyr (2016 001 - 2017 2

- EUREF daily time series from ROB-EUREF .

- EPOS-EUREF densified weekly time-series
LTK
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UNTR s Horth rms= 9.3 mm #1106 ¥ North = 11.72 mmiyr (2016 001 - 2017 2
E S North e 134 mm #1232V North = 17,87 mmyr (2016 001 - 20172 _
North rms= 26,6 mm #1024V North = 18.37 mmiyr (2016 001 - 2017 2 20 s D 0 E
LMt s 72 752 North = 1739 meiye 2016 0012017 13 70 - a8 . 15W £
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with Amatrice (Mw 6.2) & Norcia (Mw 6.1) earthquakes



WHAT PRODUCTS FOR WHAT USAGE? USE CASES A

UC3 :Volcanologist wants to get updates on tlme series in the area
affected by recent volcanic unrest ‘ =

4190
4190

Recommended products :
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Campi Flegrei caldera GPS deformation between Inflation/deflation processes before/after an eruption
April 2016 and July 2017 (lannaccone et al., 2017) onset at Mt Etna (modified from Bruno et al., 2012) SNSSDATA




WHAT PRODUCTS FOR WHAT USAGE? USE CASES

UC4 : Geodynamicist wants 3D velocities

to constrain models of isostatic rebound
Recommended products :

- EPOS—EUREF densified Velocity field from
LTK rotated wrt Stable Europe

Additional products :

- EPOS velocity fields from INGV and UGA-
CNRS rotated wrt stable Europe

- EUREF velocity field from ROB-EUREF
rotated wrt stable Europe
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Horizontal & Vertical velocities of EPOS-EUREF solution compared

to model of Glacial Isostatic Adjustment NGK2016LU (Vestol et al.
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WHAT PRODUCTS FOR WHAT USAGE? USE CASES

UCS5 : Geodesist wants to get reference positions and velocities for his processing

Recommended products : E
- EUREF Positions and Velocities (SINEX format) from ROB-EUREF wrt
ITRF2014 or ETRF2000/20 14 & ° \
R

Additional products :
- EPOS-EUREF Positions and Velocities (SINEX format) from LTK wrt
ITRF2014
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— ; ‘ +SOLUTION/ESTIMATE
S - *INDEX TYPE__ CODE PT SOLN _REF EPOCH _ UNIT S _ ESTIMATED VALUE _STD DEV____
o 4 1 STAX BORl A 1 10:001:00000 m 2 0.373835836922076E+07 0.12576E-03
£ ' 2 STAY BORL A 1 10:001:00000 m 2 0.114817378419497E+07 0.57041E-04
= . 3 STAZ BORl A 1 10:001:00000 m 2 0.502181581428678E+07 0.15176E-03
~ IS X 4 VELX BORl A 1 10:001:00000 m/y 2 -.173659211197266E-01 0.74991E-05
- e 5 VELY BORl A 1 10:001:00000 m/y 2 0.156528761430914E-01 0.35223E-05
A - 6 VELZ BORL A 1 10:001:00000 m/y 2 0.865199891742149E-02 0.91018E-05
4 8 ETRF2014
A B i -
Ere .
Ry ‘ +SOLUTION /ESTIMATE
*INDEX TYPE__ CODE PT SOLN _REF_EPOCH__ UNIT S _ ESTIMATED VALUE _STD_DEV___
1 STAX BORL A 1 10:001:00000 m 2 0.373835873071839E+07 0.12576E-03
2 STAY BORL A 1 10:001:00000 m 2 0.114817344767030E+07 0.57041E-04
3 STAZ BORL A 1 10:001:00000 m 2 0.502181562212145E+07 0.15176E-03
4 VELX BORL A 1 10:001:00000 m/y 2 -.151748349201475E-03 0.74991E-05
: X 5 VELY BORL A 1 10:001:00000 m/y 2 -.372108189692187E-03 0.35223E-05
fee - \ ‘ i 6 VELZ BORL A 1 10:001:00000 m/y 2 -.498730946492080E-03 0.91018E-05 GNSS DATA
= AND PRODUCTS
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