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Content

* Current Hybrid Solution C2355
* Publication of Reference Frame Product through EPOS Portal

* New Solution based on Repro 3
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Hybrid Solution: C2355 (1GS20)

No official EPN Reference Frame Product since November 2022:
switch of EPN daily product to IGS20

EPN Stations in C2355
504 Stations

. : Need to create Hybrid cumulative solution

Stations in C2355
445 stations with publishedwelocities o
10 stations with publisheduelocities'thanks to collocated station
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504 stations
Period coverage: 1996-01-01 - 2025-03-02

3 stations with post seismic/deformation
45 stations with only positions
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* Based on various daily combined solutions

* Position and velocity discontinuities to fit IGS (IGb20)
discontinuity list
EPN stations € IGS cumulative solution:

* Position and velocity discontinuities from 1GS20 ftp://igs-
rf.ign.fr/pub/discontinuities/soln.snx

* Add necessary new discontinuities (EPN specific or recent)
EPN stations ¢ IGS cumulative solution:

* Same position and velocity discontinuities as C2235 + recent
discontinuities

* Aligned in origin, scale and orientation wrt IGS20 using 54
reference stations

Not suitable as Reference Frame to align official densification

Provide up-to-date station coordinates and velocities for daily
monitoring while waiting for the REPRO3 solution



ftp://igs-rf.ign.fr/pub/discontinuities/soln.snx
ftp://igs-rf.ign.fr/pub/discontinuities/soln.snx

Hybrid Solution C2355 aligned to 1GS20

Year

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

B32 936 1040 1144 1248 1352 1456 1560 1664 1768 1872 1976 2080 2184 2288
GPS Week
From To Type Antenna Calibration Offsets Aligned to

0834-1 1773 -2 REPRO2 epn_08.atx Offsets from igs08 .
1996-01-01 2013-12-31 (igs08.atx) to igs14 applied
20140101 sorronae | OPERATONAL | (RS “lo st appied :
2017-01.29 so00sas | OFERATONAL | (EEEE 514
20200517 soreanas | OPERATONAL | A 614
235?11—27 2(?::-10;?)1 OPERATIONAL TEZEgOa:K 16520
2(2335-20;?)2 202235?05_;,(-502 OPERATIONAL ?ipgbg.oésg fei52
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Hybrid Solution: C2355 (1GS20) -

OF BELGIUM

No EPN Reference Frame Product since November 2022: switch
EPN Stations in C2355 of EPN daily product to 1GS20
504 Stations

. : Need to create Hybrid cumulative solution
445 stati ith published'elociti " 504 stations
stations with publishedWelocities . . , -
10 stations with publishedielogities thanks'to collocated station Period coverage: 1996-01-01 - 2025-03-02

3 stations with post seismic.deformation * Based on various daily combined solutions
45 stations with only positions

Stations in C2355

* Position and velocity discontinuities to fit IGS (IGb20)
® o discontinuity list

@ ]
EPN stations € IGS cumulative solution:
° * Position and velocity discontinuities from IGb20 ftp://igs-
rf.ign.fr/pub/discontinuities/soln.snx
2 4 * Add necessary new discontinuities (EPN specific or recent)
4 ° . EPN stations ¢ IGS cumulative solution:
* Same position and velocity discontinuities as C2235 + recent
°® discontinuities
0" .
...
] o . . . . . .
.f : * Aligned in origin, scale and orientation wrt IGS20 using 54
’.'b reference stations
@
i @ A )
° %% Sads Not suitable as Reference Frame to align official densification
. [ . . [ [ .
o ©° Provide up-to-date station coordinates and velocities for daily

% " monitoring while waiting for the REPRO3 solution



ftp://igs-rf.ign.fr/pub/discontinuities/soln.snx
ftp://igs-rf.ign.fr/pub/discontinuities/soln.snx

Velocity Discontinuities

* Positions:
* 1008 position discontinuities affecting 352 stations

* Velocities:
* 74 velocity changes affecting 45 stations
* 18 stations with velocity changes in C2235
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18 Stations with velocity change ’

26 additional stations with veloci
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Comparison of C2355 wrt IGb20 (el

Upper quartile

and |IGS cumulative solution (IGSOOPSSNX_1994002_2025095_00U_SOL) |**

Lower quartile

Position differences Velocity differences L ars{ 1 o
107 : 0.8 1
: - 207 : : .
£ ] + i g 04 = - No systematic effect for
= £ oy s ey .
; : T T ggg == T positions or velocities!
o i 0 : ? Global alighment is reliable.
10 - . 0.8
_ | T 0'6:
i + T £ o2 + + Agreement better than
‘ﬁ = 0 T .
s 1 T 8 os T 4mm on the horizontal and
10 By : f 10mm on the vertical for more
20- _ 141 ' | than 90% of the position
15 - ' i 0] .
g 5 T 1 5 g i L estimates
2 E 0% ,
s T T B T T 0.2mm/yr on the horizontal
151 | g 18 i 5 and Imm/yr on the vertical for
C2355 355 o C2355 C2355 more than 90% of the pOSition
IGb20 IGSOOPSSNX _ IGb20 IGSOOPSSNX _ .
1994%(())%__250025095_ 1994%(())%__25%25095_ estl m ates

75 stations

€2355/1Gb20 ‘

296 position differences



Comparison of C2355 wrt IGb20

/ 5% data{

=1 25% data
Upper quartile

and IGS cumulative solution (IGS0OPSSNX_1994002_2025095_00U_SOL) |**

[mm]

[mm]

KOS1_13504M005

GPS WEEK

# Stations
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Lower quartile
—_ 25% data

\ 5% data{

Stations in both the C2355 and the
IGSOOPSSNX_ 1994002 2025095 00U_SOL

1995 2000 2005 2010 2015 2020 2025

~40 stations stopped at the end of 2020
~50 stations stopped at the end of 2022
In the IGS cumulative solution



PRODUCTS & SERVICES ~ DOCUMENTATION ~ INEWS, EVENTS & LINKS ™ Q

ED PRODUCTS

Where can you find the hybrid solution on EPN CB? =

https://epncb.oma.be/ productsservices/coordinates/hybrid.php

Positions & Velocities of EPN stations with more than 3 years

The positions and velocities of the EPN stations with more than 3 years of observations and without modelled post-seismic deformations are provided in the SNX and

SSC format and are expressed in 4 different reference frames 1GS20, ETRF2000, ETRF2014, ETRF2020.

SINEX Format 55C Format
ITRS (1GS20 realization) EURDEXPSMNX_1996001_2025060_00U_SOL.SMX.Z EUROEXPSNX_1996001_20250680_00U_SOL_IGS20.55C
ETRS89 (ETRF2000 realization) EUROEXPSNX_1996001_2025060_00U_SOL_ETRF2000.5NX.Z EUROEXPSNX_1996001_2025060_00U_SOL_ETRF2000.55C
ETRS589 (ETRF2014 realization) EURDEXPSNX_1996001_2025060_00U_SOL_ETRF2014.5NX.Z EURODEXPSNX_1996001_2025060_00U_SOL_ETRF2014.55C
ETRS89 (ETRF2020 realization) EURDEXPSMNX_1996001_2025060_00U_SCL_ETRF2020.5NX.Z EURODEXPSNX_1996001_2025060_00U_SOL_ETRF2020.55C

Under test: For Bernese users, a CRD (EURODEXPSNX_1996001_2025060_00U_SOL.CRD) and a VEL (EUROEXPSNX_1996001_2025060_00U_SOLNVEL) file are available for

all the stations observed within the last 270 days. For each station, the position and the velocity of the last available solution number is given.

https://epncb.oma.be/pub/product/referenceframe/

https://epncb.oma.be/pub/product/referenceframe/hybrid/C2355/

REFERENCE FRAME REAL-TIME PRODUCTS SERV,

PRODUCTS & SERVICES satellite Orbit & Clock

Official Reference Frame Solution N Correction Streams
(IGb14)

Temporary Hybrid Solution (IG520) »  Description & Download 4D

Hybrid Position Time Series {0

Intormat,



https://epncb.oma.be/pub/product/referenceframe/hybrid/C2355/
https://epncb.oma.be/_productsservices/coordinates/hybrid.php

Publication of Reference Frame Product

through EPOS Portal

Position Time Series

Softwares
Purpose & Usage Reference Frames ool
UGA.CNRS Double difference All EPOS stations Day-25 Au!:o
Internally consistent solution well-suited for geodynamic, tectonic, seismological studies Day-2 Rapid
10.17178/GNSS products. EPOS.2019
EPOS ] 17178/G products. EPOS.201
. . I All EPOS stations
INGV Precise Point Positioning AIDCY AA A A
nsistent solution well-suited for geodynamic, tectonic, seisr gical studies CIPSTOASIS 6.4 Yearly
o o N - o B e 1GS14 & Europe alignment
. 5 . . - EPN stations
ROB-EUREF Multi-year solution based on EUREF combined daily positions e 15 weeks
Designed for the m nance of the European Terrestrial Reference S n (ETRS "‘Abz‘,_ EUREF-(
EUREF EPNJstat}ons
WUT-EUREF Daily and Weekly combination based on double difference (mostly) solutions oo
SGO-EPND EUREF densified including all EPOS stations
EUREF-EPOS Multi-year solution based on weekly combination of 30 EPND & EPOS regional solutions CATREF Yearly
IGb14
Velocities
Softwares
Purpose & Usage Reference Frames Dol
UGA-CNRS Statistical Trend Estimation All EPOS stations Yearly
Internally consistent solution well-suited for geodynamic, tectonic, seismological studies. MIDAS 10.17178/GNSS products EPOS 2019
IGb14
EPOS
All EPOS stati
INGV Statistical Trend Estimation stations
Internall fent solution well-suited for geod fect logical stud GIPSY OASIS 6.4 Yearly
nternally consistent solution well-suited for geodynamic, tectonic, seismological studies. G514 & Europe alignment
. 5 . g . . EPN stations
S ROB-EUREF Multi-year solution based on EUREF combined daily positions (provided byWUT-EUREF) g ——— 15 weeks
Designed for the maintenance of the European Terrestrial Reference System (ETRS89) \G;:M 10.24414/ROB-EUREF-CWWWW
. - . EUREF densified including all EPOS stations
SGO-EPND E
EUREF-EPOS _ Multi-year combination solution CATREF / HECTOR Yearly
Densified solution well-suited for geodynamic and tectonic studies |Gb14
Strain Rates
Reference Frames
Strain rates ona regular grid X . . i
EPOS LM (Shen et al 2015, Anastasiou et al. 2019) All EPOS stations + EUREF densified When new EUREF-EPOS solutien is available
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https://gnssproducts.epos.ubi.pt/

° ° oo | & asens-
CASCOBPRT - CASCAIS
+ & site CASCOOPRT

schm - Counr

EPOS Data Portal
https://www.ics-c.epos-eu.org/



https://gnssproducts.epos.ubi.pt/
https://www.ics-c.epos-eu.org/

ROB-EUREF products @ EPOS

* EUREF GNSS Daily Position Time Series from ROB-EUREF

* Cleaned IGS20 Position Time Series of the EPN stations with published velocities

* Reconstructed based on the reference frame solution C2355
Daily positions have been re-aligned to the solution C2355

* EUREF GNSS Velocities from ROB-EUREF
* Estimated with Hector software (Bos et al., 2013)

* Estimate a linear trend, an annual and semi-annual signals assuming a temporal
correlated noise (power-law + white noise)

More realistic velocity error estimates
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EPOS GNSS Guidelines:

Velocity Product: Example of ALBAQOESP | oo one velocty per stacion

... {0)7:\N
e PBO Format for velocities

OBSERVATORY
OF BELGIUM

PBO Velocity file from ROB_2355.0_IGS20.vel
Format Version: 1.1.0

Release Date : 20250611

$Begin EPOS metadata

AnalysisCentre: ROB-EUREF

Reference Frame : IGS20

ALBA_13452M001

Software : CATREF/Hector 1998,99,998, 9% 009,00%,00%,00%00%,00%,008,007,00%,00%03%03%03%03%03%03%,03.037501%03%02%02%02 %023 024,02°
Method-url : https://gnssproducts.epos.ubi.pt/methods/ROB-EUREF_TS.pdf 10 _ n

DOI : 10.24414/ROB-EUREF-CWWWW

ReleaseVersion: 2355.0

SamplingPeriod: daily 'g

%End EPOS metadata £

Start Field Description —_

Dot# 4-character identifier for a given station (starting at column 2)

Name 9-character identifier for a given station (starting at column 7)

Ref_epoch Date and time at which the station position is as given in ref XYZ and ref NEU. Format is YYYYMMDDhhmmss (starting at column 24)

Ref jday Reference epoch, represented as Modified Julian day (starting at column 39)

Ref X Reference X coordinate at Ref epoch, meters (starting at column 50)

Ref Y Reference Y coordinate at Ref epoch, meters (starting at column 66) —

Ref 2 Reference Z coordinate at Ref epoch, meters (starting at column 81) €

Ref Nlat Reference North latitude WGS-84 ellipsoid, decimal degrees (starting at column 96) .g.

Ref Elong Reference East Longitude WGS-84 ellipsoid, decimal degrees (starting at column 112)

Ref_Up Reference Height WGS-84 ellipsoid, meters (starting at column 128)

dxX/dt X component of station velocity, meters/yr (starting at column 139)

dy/dt Y component of station velocity, meters/yr (starting at column 150) T

dz/dt Z component of station velocity, meters/yr (starting at column 159) !

Sxd Standard deviation of X velocity, meters/yr (starting at column 50) i

syd Standard deviation of Y velocity, meters/yr i

szd Standard deviation of Z velocity, meters/yr i

Rxy Correlation of X and Y velocity = i

Rxz Correlation of X and Z velocity g OfF-i--1-- 4 } g 10
Ryz Correlation of Y and Z velocity, — H H ! !

dN/dt North component of station velocity, meters/yr H i H H !

dE/dt East component of station velocity, meters/yr _10 ! ! ! ! ! 3 _10
du/dt Vertical component of station velocity, meters/yr | ! : ) ! 1 [

SNd Standard deviation of North velocity, meters/yr s L:Jp-cqmpo‘nenl: ] § ] {

SEd Standard deviation of East velocity, meters/yr 2 i i L L i i i 0 L i i L . i _20
sud Standard deviation of vertical velocity, meters/yr 800 900 1000 1100 1200 1300 1400 2200 2300

Rne Correlation of North and East velocity

Rnu Correlation of North and vertical velocity GPS WEEK

Reu Correlation of East and vertical velocity

first_epoch Epoch of first data used to derive the station velocity, in the same format as ref epoch.

last_epoch Epoch of last data used to derive the station velocity, in the same format as ref epoch.

End Field Description

*Dot# Name Ref_epoch Ref_ jday Ref X Ref_ Y Ref Nlat Ref Elong Ref Up dx/dt dy/dt dz/dt SXd syd szd Rxy Rxz Rzy dN/dt dE/dt du/dt SNd SEd sud Rne Rnu Reu first_epoch last_epoch

ALBA ALBAOOESP 20150101000000 57023.0000 4962847.86881 -160853.90242 3990884.53823 38.9779194266 -1.8563987333 751.66954 -0.01450 0.01935 0.00854 0.00009 0.00005 0.00008 -0.041 0.714 -0.042 0.01615 0.01887 -0.00639 0.00004 0.00005 0.00011 0.000 0.000 0.000 20100929000000 20250301000000

End VE SVE VN
2010-09-11 1890 0.04 16.13
2013-12-28 18.94 0.01 16.20
2022-11-26 18.94 0.01 16.20
2025-03-01 18.94 0.01 16.20

SVN VU

0.04 -10.03
0.01 -6.54
0.01 -6.54
0.01 -6.54

SVU
0.15
0.02
0.02
0.02

Station Software
ALBAOOESP
ALBAOOESP
ALBAOOESP

ALBAOOESP

Begin
2007-08-19
2010-09-29
2013-12-29
2022-11-27

* Velocity estimated using Hector
(white noise + powerlaw + trend
+ annual and semi-annual signals)

* More realistic velocity error
estimates

EUREF SINEX CATREF

ALBAOOESP  EPOS PBO File Hector 2010-09-29  2025-03-01 18.87 0.05 16.15 0.04 -6.39 0.11




Conclusions

* Hybrid solution C2355 is offering up-to-date station coordinates and velocities for
daily monitoring while waiting for the REPRO3 solution

* The solution C2355 is published:
* at EPN CB at https://epncb.oma.be/pub/product/referenceframe/hybrid/C2355/
* at EPOS GNSS product portal with a slightly different approach:

EUREF GNSS Daily Position Time Series from ROB-EUREF
EUREF GNSS Velocities from ROB-EUREF
* One velocity per station

* Velocity is estimated with Hector software (white noise + power law)

* Hopefully C2355 is the last hybrid solution that will be published

*
L 0.0 0 & ¢
* %k K Kk

ROYAL
OBSERVATORY
OF BELGIUM



https://epncb.oma.be/pub/product/referenceframe/hybrid/C2355/

New Reference Frame Product based on Repro 3

* Nothing new on my side: waiting for daily combined Repro 3 solutions
* Plan:

* Summer: Preparation of the multi-year Reference Frame solution
Cleaning and modelization (outlier rejection, position and velocity discontinuities)
Harmonization with IGS cumulative solutions

* Autumn: Publication of a Preliminary Reference Frame solution
SINEX, discontinuities and outlier list, no classification

* Winter:
Classification
Iteration, Feedback from users, additional tests
Official Reference Frame product (SINEX, Classification...)

*
L 0.0 0 & ¢
* %k K Kk

ROYAL
OBSERVATORY
OF BELGIUM




*
% % %k Kk Kk
* %k K Kk

ROYAL
OBSERVATORY
OF BELGIUM




RMS [mm]

Lo

I nte rn a I CO nSiSte ncy Of the 1996 1998 2000 2002 2004 2006 2008 20\1903;012 2014 2016 2018 2020 2022 2024

L 1 . 5 r 5 1 5 1r 11 1o 1o 1oy gy ]y
° ° 4
hybrid solution: £ 2]
° 2o 4
B2
[ ] _4_
[ransformation Parameters
E 2]
2o 4
E 2
Transformation parameters between the individual M
Year 'E 2_'
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 8 g MMMMMW\“‘WWM
15 1 L | | N | L 1 L | L | | " 1 L | | L L | i
3 g F o2
_ @ © 4
© < : —_
< -~ 5 2,
'8 S c E )
o @) o o 0
() M |
o ﬂ 3 ﬂ g o
(@) > Ko X [#3] 4
10 1 ) & 9 © | a
N 0 N < — ’
8 o < i g 1_
a c b c E g4
W o o ol = ]
o (J) = (] > = <
o -1 - © =
] — < T
_2 f — 2
— ] i) s:I I
g 17 T Q s
| i ;.'ET 0 - WMWWWWMQN%MWWW
T 1 i - sl 2
A © 4 @©
] ol > 7Y —
@) o 1 -
— 1 o2 | 3 [
@ 1 a c A c
N
0 —— — T T T T T B B B B e B B B e L L
832 936 1040 1144 1248 1352 1456 GggOW'ISSk‘I- 1768 1872 1976 2080 2184 2288 832 936 1040 1144 1248 1352 1456 1560 1664 1768 1872 1976 2080 2184 2088
ee

P Waplk



Comparison with IGb20: Position differences
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Comparison with IGb20: Velocity differences
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