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ETRF2005 as intermediate reference frame chosen (Memo puniisnea pefore
ETRF2005 was set as “not recommendable™)

no official coordinates for the Iberian Peninsula (various organisations);
Differences are calculated, but no coordinate values published on EPN web

New solution in July 2018:

SGC Spain (Superior Geographical Commission of Spain) published a
new realisation in ETRF2000

4 different ACs in Spain: IGN, Catalonian Institute, ITACYL and IECA.
Reference frame ITRF2008 (Apr 2011 to Jan 2017), stablishing outliers,
discontinuities and velocities of about 240 stations in Spain (presented al
LAC WS 2017)

CRD results used for “Official National CRD compare”
VEL results used in WG “EU Dense Velocities”
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Differences to EPN solution (C1995):
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national coordinates can be reproduced on (sub-) millimeter level compared to EPN
scientific coordinates (at given epoch)
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Differences to EPN solution (C1995):

Vertically
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national coordinates can be reproduced on (sub-) millimeter level compared to EPN
scientific coordinates (at given epoch)
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@  Fast-Forward +10 slides —>combined 3

I —
velocity field for Spain

East velocities
~4 mm/yr
w.r.t. ETRF + North Spain

Static reference frame
1.1.2017 : < 1 mm
May 2019 : <10 mm
1.1.2022 : <20 mm
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Contributions

Status “EU Dense Velocities”

gal
Be2
Ba3
ge4
Ba5
BEG
Ba7
Bas
Ba9
218
211
812
213
214
815
Bl6
817
215
219
228
821
822
823
g24
B25
B26
B27

Solution Analysis Centre

alpes AlpArray Initiative

alps17  BAdW/D https://doi.org/18.5194/essd-2018-19)

bascose partment of Applied Geodesy (ARA) o
catles : Captografic i Geologic de Catalunya (ICGC)

cgnes ean GPS Geodynamic Reference Network Consortium (CEGRN): 2816 camg
cgnl4d curopean GPS Geodynamic Reference Metwork Consortium (CEGRN): 2818 Mul

ches swi pg - Permanent stations
chesl — Permanent stations - lewelling

Started 2017
Presentation + Splinter

Meeting in Amsterdam (May
2018)

Questionnaire + \Web page as
feedback to contributors
started (June 2018):

http://pnac.swisstopo.admin.ch/divers/dens vel/index.html

chlb swisstppo - Permanent and campaign stations

epnld EHCE Frame Coordinator ®
epndld UREF W& on EPM Densification

espldd Instituto Geograftico Macional (IGN Spain)

gres Aristofle University of Thessaloniki

grefhs Em:;-,.r for Cartography and Geodesy (BKG)

gsrmld a:'Ln Rate Map (V3 2816, Newvada Bureau of Mines and Geoclogy)
EUrnBe Rhine Graben Metwork (GURN)

gurnBig Rhine Graben Metwork (GURN) - comhined TnSAR

gutls versity of Technology

gutlax gversity of Technology, extende. .o oo

hepos ellenic Positioning System (HEPOS)

igses IG5 Reference Frame Coordinator

ites Universita di Padowa

itrfl4 ITRF Coordinator

nkg@3 Mordic Geodetic Commission (MKG) - grid

noquB8  Universite de Montpellier

rgpes Instd ational de 1'information gecgraphique et forestiere (IGN France)
svnld d Mapping Authority of the Republic of Slovenis

walpB8  Uniuer e de Montpellier



http://pnac.swisstopo.admin.ch/divers/dens_vel/index.html

(Gdansk University, Poland)

Input field (gridded background)
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Residuals to combination (sortable table)
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STATION Maps LAT/LON VN VE VU |vH| <JEIvv] NUM
[TRO1] [+69.663/+018.948] -@.61 -@.20 -9.48  0.65QM 2.48 11
[GRAT] [+53.651/+0822.455] @.50 -2.25 -9.22 0.56fl 8.22 5
[POZIN] [+52.477/+016.866] @.17 -8.51 ©.10 ©0.54|f 8.10

[WLOC] [+52.638/+019.149] -@.83 -0.53 -9.46 0.53f] 0.46 4
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@  Key parameter: Status May 2019

- 28 contributions, Weighted average combination

« 3-D GNSS fields (permanent + campaigns), INSAR/Levelling velocities, levelling
velocities, global gsrmt set (2D), grids...

« Station identification by site name and approximate posmon (10 km)

East
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l NUM SOLUTION WEI_N/WEI_E/WEI_U TRA_N/TRA_E/TRA_U #INI #DEL #ORI #MAN #OUT #RES #FIN #CMB MEAN_N SIG_N ~ MEAN_E SIG_E MEAN_U SIG_U MEAN_H SIG H

Combination statistics

x0 —x000 sites common to combination Reference frame alignment
NUM SOLUTION #FIN #CMB MEAN_N MEAN_E SIG_E MEAN_U SIG_U MEAN H SIG_H
008 chesl 63 62 0.00 ©.600 nan ©.29 ©.31 ©.00 nan
024 nkgo3 29221 125 ©9.04 0.01 ©0.03 ©.09 0.08 ©0.04 0.07
@27 svnia 40 7 0.06 ~@.06 ©.09 -@.61 nan ©.89 0.11
017 gurnesd 1322 122 ©.02 .06 ©.13 ©.04 0.37 ©0.06 0.16
Standard deViation 018 gutia 324 322 @.01 0.02 0.10 -0.83 0.20 ©.02 0.13
009 chie 428 260 -0.00 0.01 0.14 ©0.05 0.30 0.1 0.17
~02_03 mm/yr hor_ 007 ches 211 211  @.85 -9.10 ©.15 ©.06 ©.31 0.11 0.20
010 epnld 235 235 -0.00 0.02 0.11 -0.17 0.31 ©.02 0.18
~O4-07 mm/yr up @25 noques 76 75 0.04 8.63 ©0.16 0.45 0.48 ©0.05 0.21
002 alpsl7 194 182 -8.04 9.13 ©.18 -0.14 ©.36 ©.14 0.23
023 itrf14 139 136 -0.02 0.02 ©.15 -0.32 0.31 0.3 0.21
004 cates 149 147 0.08 0.01 0.18 ©.06 0.42 0.8 0.24
016 gurnes 74 49 0.8 0.65 ©.21 ©.80 nan ©.09 0.27
019 gutlax 328 326 -9.30 0.06 ©0.23 -0.02 0.46 ©.30 0.29
021 igses . 93 91 9.03 -0.04 ©.19 -0.14 0.42 ©.85 0.26
028 walpes 179 175 ©.21 ©.21 ©.28 ©.37 0.47 ©.29 0.33
014 grefes 38 38 0.04 .11 ©.17 ©.51 0.49 ©.12 0.26
@05 cgnos 52 51  9.83 0.63 0.25 -0.08 0.55 0.4 0.34
026 rgpos 356 350 -9.17 0.03 0.27 -0.10 0.53 ©.17 0.34
@06 cgnld 1108 1025 0.07 -0.05 ©.23 ©.85 0.58 0.9 0.32
011 epndl4 1920 1572 -0.06 -0.04 ©.21 -0.24 0.53 ©.07 0.33
. r | ee1 alpes 494 411 e.11 ©.13 8.25 ©.14 0.58 ©.17 0.37
Reglons 003 basces 200 183 ©.03 .63 ©8.29 -0.37 ©0.59 0.4 0.41
W|th teCtoniC ] 022 ites 596 510 -9.13 0.0 0.26 ©0.13 0.76 ©.13 0.43
012 espos 324 292 9.13 0.07 0.27 ©0.46 0.71 ©.15 0.45
Signals 020 hepos 59 47 -9.14 0.28 ©.39 -0.88 0.86 ©.31 0.54
013 gros 173 145 .22 0.09 ©0.45 ©.43 0.82 ©.24 0.62
" | e15 gsrmia 20930 1264 0.05 ©.05 ©.53 ©.80 nan ©.07 0.82
TOT 53558 2647

http://pnac.swisstopo.admin.ch/divers/dens vel/000.htmI#STATISTICS
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http://pnac.swisstopo.admin.ch/divers/dens_vel/000.html#STATISTICS

Global velocities (w.r.t ETRF)
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http://pnac.swisstopo.admin.ch/divers/dens_vel/combvel_global_all_cmb_basic_dh.jpg

o NKG velocity grid

Velocity field: Europe

3-4 cml/yr
movements
Turkey,
Greece

- .
......

30-

swisstopo 2019-May-07

34¢°
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http://pnac.swisstopo.admin.ch/divers/dens vel/combvel eu all cmb basic dh.jpg

Towards a European Dense Velocities Field as a basis for Maintaining the European Reference Frame

swisstopo

11


http://pnac.swisstopo.admin.ch/divers/dens_vel/combvel_eu_all_cmb_basic_dh.jpg

Velocity field: Zoom Alps

) «gurnd08» — combined INSAR |

outlier... E s id

3-4 mm/yr
movements
ltaly, Slovenia,
Croatia, ...

http://pnac.swisstopo.admin.ch/divers/dens_vel/combvel eu_ch_cmb_dh.jpg
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http://pnac.swisstopo.admin.ch/divers/dens_vel/combvel_eu_ch_cmb_dh.jpg

. 1-D fits by component
VQIOClty models (not yet suited as final velocity model

__, observed but well for data screening)
horizontally — model

T . colored grid

horizontally

Post-glacial rebound

vertically

Alpine rise +
Po-basin
subsidence

swisstopo 2019-May-07
40° P Y

o

http://pnac.swisstopo.admin.ch/divers/dens vel/000.htmI#VELOCITIES
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http://pnac.swisstopo.admin.ch/divers/dens_vel/000.html#VELOCITIES

Graphical support

Combined station velocities in mm/y

Stations (>2 ACs)

Stations with ==2 observations (not with IE browser)
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Map view links

Map view of the network (GoogleMaps api3.0; no IE Browser)
Map view of validation stations (Mercator TEST-only web viewer)
Map view of all stations (Mercator TEST-only web viewer, more than 2 minutes loading)

Map view of validation stations with ellipses (Mercator TEST-only web viewer, 2 minutes loading)

{ Map view of validation stations with ellipses (CH, Geoadmin Viewer)

Static plots: Plot Global, hor. |

Static plots: Plot EU, hor. | Plot EU, up

| Static plots: Plot EU, north model | Plot EU, east model | Plot EU, up model |

- Static plots: Plot Central, hor. | Plot Central, up

- Static plots: Plot Central, north maodel | Plot Central, east model | Plot Central, up model |

% Download kml: kml validation sites | kml all sites

Towards a European Dense Velocities Field as a basis for Maintaining the European Reference Frame
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Mercator Viewer

* Swiss data + Openstreetmap data
* Global coverage
 Maps are vector based — you can design your map yourself
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Mercator Viewer

Stations (>2 ACs)
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@  Mercator Viewer
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@  Mercator View — Example Slovenia

Sandi Berk, Klemen Medved

https://test.map.geo.admin.ch/?layers=KML||lyour kml on web

https://test.map.geo.admin.ch/?layers=KML%7C%7Chttp:%2F %2F pnac.swisstopo.admin.ch%2Fdivers%2Fkml%2F SV

N ETRFO0 Hz vel.kml&lon=14.3&lat=46.05&lang=en
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https://test.map.geo.admin.ch/?layers=KML||http://pnac.swisstopo.admin.ch/divers/kml/SVN_ETRF00_Hz_vel.kml&lon=14.3&lat=46.05&lang=en

@ Summary

« Thanks to the various individual inputs (> 20) and their good quality a preliminary
velocity field for Europe can be generated. Providers have the know-how and partly
have velocity generation automated.

A web system is up and running giving feedback to the provider (sortable tables
with outliers, plots, grids, etc.). First successfull viewing possibilities developed.

« Especially in regions of slow motions, some iterations are necessary to remove
outliers, instable stations, differences between provider (mainly task of the provider):
“Validation first”

Some provider should start this refinement activities using our web...
* On alonger view “Model next”:

- acceptance of “cleaned” velocity fields or velocity grids (e.g. if model is already
applied in a country)

- a velocity model extends the lifetime of the European (and national)
reference frames

Thanks to the active WG members ! Practical examples: Splinter meeting
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