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Modern height determination

ÁTo determine the height above sea level using 
GNSS positioning services, a geoid modelis needed

üImportant aspect of the integrated geodetic 
spatial reference

Geoid height

GNSS height

Height above levelling zero (Ăsea levelñ)

Ellipsoid

MDT

MSS
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References of applications and customers

ÁAdministration, industry and science

ÁPublic agencies on federal, state and county level

ÁEngineering surveying

ÁManufacturers of surveying equipment and service providers
(e.g. Trimble, Leica, Χ)

ÁHydraulic engineering and coastal protection
(e.g. waterways administration, hydrographic offices, environmental agencies)

ÁMilitary, munition disposal services

ÁTraffic (e.g. railways, air traffic control, tunnel engineering)

ÁEnergy supply and mining (e.g. public utilities, pipelines, coal mines)

ÁOffshore industry (e.g. windmill farms)

ÁIndustry (e.g. car manufacturers, chemical plants)

ÁScience (e.g. DLR, GFZ, universities)

ÁΧ
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Height systems in Europe

Heights in Europe are not as unified 
as 3-D coordinatesΧ

ÁNational height systems remain
in use (with good reason)

ÁOfficial realization of the European 
Vertical Reference System (EVRS)
is based on the United European 
Levelling Network (UELN)

ÁLatest realization EVRF2019

Ą https://evrs.bkg.bund.de

https://evrs.bkg.bund.de/
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EUREF Working Group ȵEuropean Unified Height ReferenceȰ

Goals

Á Implement European height reference surface as an official 
realization of EVRS which is compatible to the latest 
realizations of ETRS89 and EVRS (= fulfil EUREF resolutions, e.g. 
No. 5/2009)

Á Enable seamless GNSS-based height determination, thereby 
strengthen the importance of the EVRS (requires
fitted height reference surface ςquasigeoidmodel) 

Á Provide comprehensive and easily accessible information 
about the national integrated spatial reference

Á Improve interoperability of the national products of the height 
reference across borders

So far ςno such official product from EUREF
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Example for combined (fitted) quasigeoid model
(experimental corrector surface for EGG08/EUVN-DA, not implemented)

Source: EUVN-DA final report (modified)
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Gravity campaigns for the quasigeoid

WaddenSea
2014-2016

Shipbornegravityand 
depth sounding
Lake Constance

2012

HELIGRAV2018 | 2023 | 2024

ShipbornegravityNorth Sea
DENEB 2021 | WEGA 2022-2024

ShipbornegravityBaltic Sea
CAPELLA 2013 | DENEB 2015-2018
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The FAMOS project (2015 ɀ2019) ɀ
Gravity surveys for the new Baltic Sea Chart Datum 2000 (BSCD2000)

FAMOS marine 
gravity surveys
by ship and air

currently supplemented 
in the South-East Baltic 
Sea by the BalMarGrav
project (EU Interreg 
Baltic Sea Region)

Goal: Accuracy< max. 1-2 cm offshore

Á Accordingto GNSS accuracyon movingships

Á Fulfill requirementsfor bathymetric
surveyingand shipnavigation

Á Homogenousshipborneor airbornedata(1-
2 mGalaccuracy)

Á Profile distanceca. 5-10 km
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Example for non-EVRS national height systems: Austria and Switzerland
Outcome of the ȰD-A-CHȱ geoid and height project

Á For surveying users, Austria and Switzerland 
keep to their spherical/uncorrected heights w.r.t.
the Adriatic/Mediterranean Sea, respectively

ü Differences at the decimetre scale which also 
vary along the national borders

Realization Alias Height type Zero level EVRS

DE DHHN2016 m ü. NHN Normal NAP X

AT MGI m ü. A. Normal-orthometric Triest

CH LN02 Uncorrected Marseille

-32

-6
-7

-6.5

-+4

CH to AT

-+2

AT to DE

-29

-28

-29

-32 -28

CH to DE

-32

-36

-31 -32

-35
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Geoid calculation Lake Constance

Á Geoid calculation from BKG and TUG 
compared (orange box)

Á Methods apply different approaches 
for the modelling of the topography 
and calculation of the geoid from 
gravity

Á General good agreement

Á Approximately 0.02 m deviation
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Effectof refined harmonic correction in RTM for the quasigeoid(restore step)

Á ʁ Ὄ Ὄ , whereὌ Ὄ

(e.g. Klees et al. 2023, Schwabe et al. 2024)

Á Effectisshownfor a high-resolution RTM surface
(accordingto degree2160)

Á For degree300 or so evena bit more

Á Maximum valuesup to ca. 20 cm
(Ὄ Ὄ ρσσπÍ

Á NeglectingHC leadsto systematicpositive bias
in quasigeoidin deepvalleys

Á Confirmedin Alpine quasigeoidstudywith
independentmethodand GNSS/levelingdata

Schwabe et al. (2024, Journal of Geodesy, accepted)
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European Alps Geoid Project (EAlpG): goals and objectives

1. Stimulate and intensify cooperation regarding regional gravity/geoid modelling for the Alpine area

Á 5ŀǘŀΥ ǊŜǾƛǎŜΣ ŜȄŎƘŀƴƎŜ ŀƴŘ ƘŀǊƳƻƴƛȊŜ όƎǊŀǾƛǘȅΣ 59aΣ Db{{κƭŜǾŜƭƭƛƴƎΣ ŎƻƴǘǊƻƭ Ǉƻƛƴǘǎ ŦƻǊ ǾŀƭƛŘŀǘƛƻƴΣ Χύ

Á Cross-border gravity measurements:

e.g. HELIGRAV2023/2024, FCC Project CERN, South Tyrol, EhrwaldDoV

Á Comparative studies on geoid modelling in high mountains Ą pan-European Alps Geoid model

Á Validation of global and continental gravity field models

2. Unification of height systems ςImproved height transformation between the Alpine countries

Á Extensive comparative investigations and validation between the national height reference surfaces 
(geoid models and other height transformation grids) and European heights along the borders

Á Derivation of consistent height transformation models accurate to a few centimetres

Á Development of a corresponding web application

Memorandum of UnderstandingςsignedMay 2022
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European Alps Geoid (EAlpG) : partnering agencies, institutions and universities

a) Federal Agency for Cartography and Geodesy (BKG), Germany
b) Federal Office of Metrology and Surveying (BEV), Austria
c) Federal Office of Topography (swisstopo), Switzerland
d) State Agency for Spatial Information and Rural Development 

(LGL), Germany
e) Agency for Digitisation, High-Speed Internet and Surveying 

(LDBV), Germany
f) National Institute of Geographic and Forest Information (IGN), 

France
g) Politecnicodi Milano (Polimi), Italy
h) Cadastre of South Tyrol, Autonomous Province of South Tyrol, 

Italy
i) Surveying and Mapping Authority (SMA), Slovenia
j) Lechner Knowledge Center (LTK), Hungary
k) Geodetic and Cartographic Institute (GKU), Slovakia
l) Fac. of Civil Engineering, Slovak Univ. of Technology in Bratislava 

(SUT), Slovakia
m) Slovak Academy of Sciences (SAS), Slovakia
n) Faculty of Natural Sciences, Comenius University in Bratislava 

(FNS), Slovakia
o) Land Survey Office (ZU), Czech Republic
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EAlpG: study area ɀdata and calculation domains

Á Agreedgeoidmodelarea

Á Gravity datafor calculation:
revisedand contributedby each
responsibleprojectpartner

Á Digital Elevation Model ςFABDEM

Geoid modelcalculations:
Á Fulldomainor individual smallerareas

(e.g. specificcountries) 
Á BKG, SUT Bratislava, TU Graz 

(U Ljubljana, Polimi, IGN and swisstopo)
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EAlpG: collection of gravity data ɀcurrent status

Gravity data sets provided for EAlpG

Á Existing data sets by authorities and 
universities for national geoid model

Á Dedicated gravimetry campaigns are 
planned and carried out

grey: provided through
neighbouring countries

orange: αoldά data (YU)
DE: to be updated in some states
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Synergies with EAlpG: AlpArray project (2017)

Á AlpArrayGravity Research Group (AAGRG, Záhorecet al. 2021): homogenized gravity data and DEM

Á 4Ψ x 4Ψ grid (open data), 2Ψ x 2Ψ on request (cleared for EAlpG)

Gravity datafrom the national databases CalculatedBouguergravityanomaly

https://doi.org/10.5194/essd-13-2165-2021

