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Densification

• International / IGS

• Continental / European / EUREF

• EU countries

>4000 stations 
used in E-GVAP 
near real-time
>6000 this project
>8000? totally

~340 sites

~500 sites

~40-500 sites 
per country 

Inter-
national

EU

EU Countries

Example CH
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Motivation

• Geodata of most (all) European countries are based on static 
coordinate reference systems – aligned to ETRF (70% on 
ETRF2000)

• Data cover now time spans of several years and analysis 
precision shows that stations / regions / countries show a 
significant movement exceeding 1 mm/yr 

• Mapping agencies responsible for reference frame maintenance 
(and guarantee quality) 

 COU    Frame Name (Static)
-----------------------------
  AUT   ETRF00
  BEL   ETRF2000
  BGR   ETRF2000
  CHE   ETRF93
  CZE   ETRF2000(R05), ETRF89
  DEU   ETRF2000(R05,R08)
  DNK   ETRF92
  ESP   ETRF2005
  EST   ETRF96
  FIN   ETRF96
  FRA   ETRF93, ETRF2000(R05)
  GBR   ETRF97, ETRF2000
  GRC   ETRF05
  HRV   ETRF2000(R05)
  HUN   ETRF00
  IRL   ETRF89
  ITA   ETRF2000
  LTU   ETRF2000
  LVA   ETRF2000
  MDA   ETRF97
  MKD   ETRF2000(R05)
  NLD   ETRF2000(R05)
  NOR   ETRF97
  POL   ETRF2000(R05)
  PRT   ETRF97
  ROU   ETRF2000
  SRB   ETRF2000(R05)
  SVK   ETRF2000
  SVN   ETRF05
  SWE   ETRF97

Alpine station Davos
>20yrs with same antenna
1.7 mm/yr Uplift w.r.t. Zimmerwald

Reference frame used in Europe 
(compiled 2016)
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Partners in project “EU Dense Velocities”

• EUREF Working Group started 
2017 in Spain

• Steadily increasing contributions
• Web page as feedback to 

contributors started (June 2018)
• Several contributions updated in 

time

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

Alps

Basc/Spain

Catalonia/Spain

Central Europe (already combined)

CH levelling-only

CH permanent + campaings

Slovenia: campaings

Turkey

EPN operational (every 15 weeks)

EPN densification
Spain

Global

Nordic grid

France

ITRF14

Italy

Poland
Greece 2

Greece 1

INSAR

Germany

Alps

Densification 
solution Joaquin
(October, 4 2019)
1568 sites

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

• Input: velocities aligned to ETRF2000. No coordinate combination -> no 
difficulties with different modelling (tropo models, antenna PCVs) 

• Flexible velocity input: GNSS velocities (permanent + campaigns), levelling, 
INSAR, velocity grids, … (not possible with SINEX-only input)

• Combination based on the classical combination scheme: weighted average
• Shared activity making use of the knowledge of the contributing countries rather 

than a single central combination agency. 
- No exchange of any site logs, no strict guidelines to data processing, no 

historical data archives
- Feedback (frame alignment/outliers) possibility via web service 
- Test contributions possible (no weight for the combined results)
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Key parameter: Status July 2019

• 28 contributions
• grids (get weight “10” if used in a country), test solutions no contribution
• Station identification by site name and approximate position (10 km)
• 6170 sites in Central EU (not grids, not INSAR), 2646 sites in ≥ 2 solutions 

nice progress 1987: Oct. 2018, 934: May 2018
• Stations in solutions:

ZIMM: 18, GRAS: 16,
GRAZ 15, POTS: 14, …

ZIMM East velocity comparison

2805 (October, 4 2019)
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Feedback web page: Example gut14
(Gdansk University, Poland) 

Input field (gridded background)
Residuals to combination

Neighbour stations
Residuals to combination (sortable table)

Iterations let to a new 
contributions gut14x
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Residuals to combination (horizontal)

EPNDMYEPND

Deletions: 180, Man. Del.: 4, Outliers: 1, Res. 3 Deletions: 0, Man. Del.: 10, Outliers: 1, Res. 18

# sites: 2014, #sites ok: 1826, #sites combined: 1615 # sites: 1568, #sites ok: 1539, #sites combined: 1401
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Combination statistics Sorted by std-North

Regions 
with tectonic 
signals

Standard deviation
~0.2-0.3 mm/yr hor.
~0.4-0.7 mm/yr up

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

…

x0 –x000 sites common to combination Reference frame alignment

http://pnac.swisstopo.admin.ch/divers/dens_vel/000.html#STATISTICS
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Global velocities (w.r.t ETRF)

http://pnac.swisstopo.admin.ch/divers/dens_vel/combvel_global_all_cmb_basic_dh.jp
g
 

 International reference: GSRM project
(Nevada Bureau of Mines and Geology)  

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


11 

swisstopo 
EUREF WG on "European Dense Velocities"

Velocity field: Europe

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

NKG velocity grid

3-4 cm/yr 
movements
Turkey, 
Greece

6170 sites
(not counting grids and INSAR)

http://pnac.swisstopo.admin.ch/divers/dens_vel/combvel_eu_all_cmb_basic_dh.jpg
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Velocity field: Zoom Alps

«gurnd08» – combined INSAR

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

3-4 mm/yr 
movements
Italy, Slovenia, 
Croatia, …

outlier…

http://pnac.swisstopo.admin.ch/divers/dens_vel/combvel_eu_ch_cmb_dh.jpg
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Velocity models
1-D fits by component
(not yet suited as final velocity model but 
well for data screening)

model
observed

colored grid

vertically

horizontally

horizontally

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

Post-glacial rebound

Alpine rise +
Po-basin 
subsidence

South-Spain

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

Static reference frame
newly defined  
1.1.2017   :   <   1 mm
July 2019  :   < 10 mm 
1.1.2022   :   < 20 mm

http://pnac.swisstopo.admin.ch/divers/dens_vel/000.html#VELOCITIES
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Graphical support: Mercator Viewer

• Swiss data + Openstreetmap data
• Global coverage
• Maps are vector based – you can design your map yourself
• Performance improvements in summer 2019

Stations (>2 ACs)
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Mercator Viewer: context information
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Mercator View – Example Slovenia

https://test.map.geo.admin.ch/?layers=KML%7C%7Chttp:%2F%2Fpnac.swisstopo.admin.ch%2Fdivers%2Fkml%2FSV
N_ETRF00_Hz_vel.kml&lon=14.3&lat=46.05&lang=en

https://test.map.geo.admin.ch/?layers=KML||your_kml_on_web

WG mail
8.2.2019

Sandi Berk, Klemen Medved

https://test.map.geo.admin.ch/?layers=KML%7C%7Chttp:%2F%2Fpnac.swisstopo.admin.ch%2Fdivers%2Fkml%2FSVN_ETRF00_Hz_vel.kml&lon=14.3&lat=46.05&lang=en
https://test.map.geo.admin.ch/?layers=KML%7C%7Chttp:%2F%2Fpnac.swisstopo.admin.ch%2Fdivers%2Fkml%2FSVN_ETRF00_Hz_vel.kml&lon=14.3&lat=46.05&lang=en
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Summary
• Thanks to the various individual inputs (~ 20 institutions) and their good quality a 

preliminary velocity field for Europe can be generated. Velocities are significant, 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 started refinement activities using the web feedback system…

• On a longer view “Model next”  (“no official product at present”):
- 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 
- Making use of synergies with other international partners for handling of intraplate-

deformations in reference frame maintenance («IAG WG 1.3.1: Time-Dependent 
Transformations Between Reference Frames»; use of                as opensource software)

• Data set for a deeper collaboration with Geophysics, Seismology and Geology 
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