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Reference Tide Gauges 
of National Height Systems in Europe

Kind of Heights 
of National Height Systems in Europe
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The European Vertical Reference Frame and
the Relationship to the 

New Icelandic Vertical Reference

(1) The United European Levelling Network UELN-95/98
(2) Integrated Networks - The European Vertical 

Reference Network EUVN
(3) The European Vertical Reference Frame EVRF2000
(4) European Combined Geodetic Network ECGN
(5) The Information System for European Coordinate 

Reference Systems (CRS)
(6) EVRF/UELN2006 and the Relationships to the New

Icelandic Vertical Reference
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(1) The United European Levelling Network UELN-95/98

Adjustment version UELN-95/13 is the UELN-95/98 solution.
Unconstrained adjustment linked to the reference point of UELN-73 (NAP).

United European Levelling 
Network 1995 (UELN-95/98)

UELN 95/98 – Isolines of 
Precision [kgal ⋅ mm]
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UELN 95 
Enlargement
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Transformation from National Height Datums to NAP
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(2) Integrated Networks

Thesis

The Earth surface is determined by its 
geometry XP and the potential of the Earth 

gravity field WP on it.

Geodesy is global.

All is in movement – there is no fix point.
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Height Determination (XP , WP )

Molodenski solution at the Earth surface P
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Integrated Geodetic Network = 4D Networks 
Needs combination of various geodetic methods

– levelling / repeated (UELN)

– GPS / permanent (EPN)

– gravity / permanent and repeated

– tide gauge / permanent

– Altimetry

– Global gravity model (GGM)

)()( ,, HikrefijkrefjHijtkij vtHvtHth ⋅∆+−⋅∆+=ε+∆ ∆

Hihihivhihi vvvv ==ε+ conventionthewith

Hikrefigikrefigitki vktgvtgtg ⋅⋅∆+=⋅∆+=ε+ ,,)(

HihiTGiTGivTGiTGi vvvvv ===ε+ conventionthewith



NKG Workshop Reykjavík, 15-16 June 2005 EVRS             11

EUVN

European 
Vertical 
Reference 
Network

1997.5
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Differences between gravimetric height components and 
GPS heights (ζEGG97 + HEUVN) - hITRS 

EUREF´s EUVN project 
(2001)

200 GPS/levelling points
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Relations between ITRS and EVRS/WHS - 1 -
(conventions, parameters, realization)

ITRS
IUGG Resolution No. 2, Vienna 1991

Explicit

Initial BIH orientation. Non-rotating system.
No global residual rotation with respect to
horizontal motions at the Earth´s surface. 

SI unit meter
The ITRS scale consistent with the
Geocentric Coordinate Time (TCG)

WHS/EVRS
IAG Subcommission for Europe, 
Resolution No. 5, Tromsö 2000

Implicit

No necessary convention

SI units meter and seconds
Wo=Uo

The scale of the Earth body Wo is
approximated by the normal potential of the 
mean Earth ellipsoid Uo which includes the
masses of the oceans and the atmosphere.

origin
Geocentric, the center of mass being defined or the whole Earth, 

including oceans and atmosphere.
(At present no convention related to the motion of the geocentre)

orientation

units-scale
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coordinates

ITRS

quasi – Cartesian system 
X

ITRF 2000
tide-free 

WHS/EVRS

potential of the Earth gravity field
Wp = W(X)

= Up + Tp (GPM)
= Wo – Cp (Levelling)

mean Earth ellipsoid
(Uo, GM, J2, w)

EVRF 2000 (UELN 95/98, ETRS89)
Wp=WNAP+Cp (Levelling)
zero tidal system (?)
GRS 80

system parameters

realization

Relations between ITRS and EVRS/WHS   - 2 -
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Height Components and Tidal Systems

Xn

ITRFxx,
ETRS89

∆gn 
Stokes Nn
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the real earth shape – there is 
no reason for the non tidal/tide 
free concept)

∆Hz

cp

∆gz 
Stokes Nz

(EGG97)
Zero tidal system
Mean/zero crust
(Recommended by IAG
Res. No. 16, 1983)

Relation to Nm for 
oceanographic 
studies             hmsl

∆HmNm∆gmMean tidal system
Mean/zero crust
(Stokes is not valid if masses 
outsite the Earth surface)

position

X/h

mean
sea level

msl

altimetry
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(3)   The European Vertical Reference Frame    
EVRF2000

The EVRS is defined as a world height system (WHS).

The EVRS is realized by 
- the geopotential numbers and normal heights of     

nodal points of the United European Levelling 
Network 95/98 (UELN 95/98) 

- extended for Estonia, Latvia, Lithuania and Romania 
- in relation to the Normaal Amsterdams Peils (NAP).
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Conventions for EVRS Datum Definition From 2000
WHS

a) The vertical datum is the zero level of which the Earth 
gravity field potential W0 is equal to the normal 
potential of the mean Earth ellipsoid U0:

W0 = U0.

b) The height components are the differences ∆ WP
between the potential WP of the Earth gravity field 
through the considered points P and the potential of 
the EVRS zero level W0. The potential difference - ∆ WP
is also designated as geopotential number cP:

– ∆WP = W0 – WP = cP.

Normal heights are equivalent to geopotential
numbers.

c) The EVRS is a zero tidal system1, in agreement with the 
IAG Resolutions No 16 adopted in Hamburg in 1983

1) In a) and b) the potential of the Earth includes the potential of the permanent tidal deformation 
but excludes the permanent tidal potential itself.

The European Vertical Reference System (EVRS) is a gravity-
related height reference system. It is defined by the following 
conventions:

datum 

geocentric, including 
oceans and atmosphere

W0 independend from 
the tidal system

coordinate system

SI units 
m2 · s-2

Wp = Up + Tp (BVP)
Wp = W0 – cp  (levelling)

frame

γ
= p

n

c
H
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EVRS Realization (EVRF 2000)

EVRF 2000 Datum

a)  The vertical datum of the EVRS is realized by the zero level through the 
Normaal Amsterdams Peil (NAP). Following this, the geopotential
number in the NAP is zero:

cNAP = 0.
b) For related parameters and constants the Geodetic Reference System 

1980 (GRS80) is used. Following this, the Earth gravity field potential 
through NAP WNAP is seed the normal potential of the GRS80

c) The EVRS2000 datum is fixed by the geopotential number 7.0259 m2 s-2

and the equivalent normal height 0.71599 m of the reference point of 
the UELN No. 000A2530/13600.

800GRS
REAL

NAP UW =
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Realization of the EVRS 2000 datum

a)  The vertical datum of the EVRS is realized by the zero level through the Normaal Amsterdams                
Peil (NAP). Following this, the geopotential number in the NAP is zero:

cNAP = 0.

b) For related parameters and constants the Geodetic Reference System 1980 (GRS80) is used. 
Following this the Earth gravity field potential through NAP WNAP is seed the normal potential of 
the GRS80

c)  The EVRS2000 datum is fixed by the geopotential number and the equivalent normal height of the 
reference point of the UELN No. 000A2530/13600.

Table 1   Height of the fundamental EVRS2000 station and related information

Stationname 
Country 

UELN 
number 

Position in ETRS89 Height in UELN95/98 Gravity 
in IGSN71 

  ellipsoidal latitude 
ellipsoidal longitude 
 

in ° ' " 

geopotential 
number 

 
in m2 · s-2 

normal 
height 

 
in m 

 
 
 

in m · s-2 

Reference point of 
EVRS 000A2530 
The Netherlands 

13600 
 

52°  22'  53" 
  4°  54'  34" 

7.0259 0.71599 9.81277935 

 

 

80GRS0
REAL

NAP UW =
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EVRF 2000 Frame

United European Levelling   
Network 1995 (UELN-95/98)

UELN 95/98 – Isolines of 
Precision [kgal ⋅ mm]

Unconstrained adjustment of geopotential numbers in relation to the 
reference point of UELN-73 (in NAP).
Version UELN-95/13 was handed over to the participating countries as 
the UELN-95/98 solution. 
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(4)   European Combined Geodetic 
Network (ECGN)

GGOS, NGOS
• Observation system
• Time series and periodic observations
• Combination of space geodesy and gravity at terrestrial 

reference stations (local ties)
• Using of available infrastructure, data bases and 

standards as far as possible
• Stepwise realization:

1st Call: Network infrastructure
2nd Call: Data processing, combination

• Level of combination:
I. at the stations
II. in the network
III. with external observations ( e.g. GRACE)
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Motivation – Starting Position
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• 21 countries
• 74 stations with

GPS (EPN)
absolut gravity
levelling to      
EVRS
6 super 
coducting grav.
15 tide gauges

8 ECGN core
42 ECGN
7 candidate
15 proposed
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Germany

Wettzell (core)

Helgoland

Saßnitz

Moxa (candidate)

Bad Homburg (candidate)
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GPS Antenna - Helgoland
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Absolut Gravimeter Measurements -
Helgoland
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Tide Gauge - Helgoland
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Control Network - Helgoland
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Gravimeter Station Bad Homburg 

Cellar of the Castle

Bad Homburg

In
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Bad Homburg gravimetric observatory, pillar BA with A10 #002 and
pillar AA with FG5-101 
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Zusammenfassung (2)
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http://www.bkg.bund.de/ecgn
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Standards and Guidelines

GPS, gravity measurements, levelling, tide gauge

• GPS
– All ECGN stations shall be included to the European Permanent 

GPS network (EPN) see: http://www.epncb.oma.be
• Gravity measurements

– ECGN Standards for absolute gravity measurements (see ECGN 
Website – PDF File) 

– Standard for SG observations - Global Geodynamic Project GGP
see: http://www.eas.slu.edu/GGP/ggpas.html
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• Levelling 
– All ECGN stations shall be connected to the United European 

Levelling Network - UELN (see http://evrs.leipzig.ifag.de)

• Tide Gauges
– For Tide Gauge measurement the data of Permanent Sea Level 

Observing System (PSMSL)
(http://www.pol.ac.uk/psmsl/datainfo/contrib.html) and the 
project European Sea Level Service (ESEAS) shall be used

• Local Ties
– Each type of observation has its own marker and one 

marker has to be declared as main marker
– ECGN Standard for Local Ties Determination (see ECGN 

Website – PDF File)

• Meta Data Base
– ECGN Meta Data Form (see ECGN Website – PDF/TXT 

File)
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-1,29 µGal / year ± 0,3 µGal / year

Kombination Schwere – Höhe Martsbo (Sweden)

Mårtsbo (S), 
observed gravity changes 

 gmean@125 cm = 981 923 082,4 µGal (gradientmean = 287,5  µGal/m)
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Recommendations for Gravity:

1. All ECGN FG5 owners are called to provide the meta 
data information of their measurements to ECGN, to 
store the 1st level and 2nd level data, and to provide 
the link.

2. The meta data information of the measurements 
shall hosted at ECGN home page.
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ECGN Web Site

• ECGN Home Page
Address: http://www.bkg.bund.de/ecgn

• ECGN Website Guidelines and Forms with 
links to guidelines and forms for the 
different observation techniques

Startpage - Guidelines

• or Links from BKG-Website 
http://www.bkg.bund.de
Rubriks Geodesy or Information Services
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(5) The Information System for European 
Coordinate Reference Systems (CRS)

Content

Description of
CRS

Parameter
for transform.

to pan-European
CRS

Online
transformation

European
countries

national
CRS

Description of
pan-European

CRS

Europe

pan-European
CRS

CRS
Description

CRS
Overview

References

Links

Contact

CRS
Information System

http://crs.bkg.bund.de/crs-eu
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CRS-EU Web-Address

• Available at web-address

http://crs.bkg.bund.de/crs-eu

• Former existing address 
http://crs.ifag.de 

will be forwarded to the new address for 
some time via an information website.
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Available Information for European Countries (1)

CRS-Description Transformation to EVRF2000
Albania AL
Austria AT published published
Bosnia / Hercegovina BA existing data existing data
Belgium BE published published
Bulgaria BG published published
Switzerland CH published published
Cyprus CY
Czech Republic CZ existing data existing data
Germany DE published published
Denmark DK published published
Estonia EE published published
Spain ES published published
Finland FI published published
France FR published published
Great Britain GB published published
Gibraltar GI
Greece GR existing data no UELN
Croatia HR existing data existing data
Hungary HU published published

Height
Country Country_ID
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Available Information for European Countries (2)

CRS-Description Transformation to EVRF2000
Ireland IE published no UELN
Iceland IS
Italy IT existing data existing data
Lithuania LT published published
Luxembourg LU published no UELN
Latvia LV existing data existing data
Macedonia MK
Malta MT
Northern Ireland NI existing data no UELN
Netherlands NL published published
Norway NO published published
Poland PL existing data existing data
Portugal PT published published
Romania RO existing data existing data
Russia RU existing data no UELN
Sweden SE published existing data
Slovenia SI published published
Slovak Republic SK published published
Turkey TR published no UELN
Ukraine UA existing data no UELN

no levelling network

Height
Country Country_ID
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Available transformation parameters for height

id en tica l p o in ts  P a ram ete rs  R M S  res id u a l d ev ia tio n s  C o u n try  V erif ic a tio n  
b y  th e  

co u n try  
n u m b er +  k in d  tran s la tio n  

in  cm  
in c l. in  la titu d e  
in  cm  / 1 0 0 k m  

in c l. in  lo n g itu d e  
in  cm  / 1 0 0 k m  

in  cm  m in  in  cm  m ax  in  cm  

A T  x  1 1 4  U E L N  - 3 5 .6  -  2 .8  - 2 .8  3 .1  -6 .1  + 6 .1  
B A /H R   4 0  U E L N  - 3 4 .5  -  0 .3  - 0 .9  0 .7  -1 .0  + 1 .4  
B E  x  4  E U V N  - 2 3 1 .1  -  0 .8    0 .2  -0 .2  + 0 .2  
B G  x  3 6  U E L N  +  1 8 .2  +  0 .1  - 0 .2  0 .2  -0 .6  + 0 .4  
C H  (L N 0 2 ) x  2 2 5  U E L N  - 2 4 .5  -  1 0 .2  - 1 .6  3 .3  -8 .6  + 9 .4  
C Z   5 3  U E L N  +  1 1 .6  +  1 .7    1 .4  -3 .5  + 2 .8  
D E  (D H H N 9 2 ) x  4 4 3  U E L N  +  1 .4  -  0 .1    0 .2  -0 .7  + 0 .6  
D K  x  7 0 7  U E L N  +  1 .1  +  0 .1  +  0 .5  0 .3  -0 .9  + 0 .8  
E E  x  3 6  U E L N  +  1 3 .3  -  0 .7  +  0 .2  0 .3  -0 .5  + 0 .5  
E S  x  7 0  U E L N  - 4 8 .6  -  0 .2  +  0 .3  1 .0  ?  ?  
F I  6 6  U E L N  +  2 1 .3      0 .3  -0 .7  + 0 .9  
F R  x  8  E U V N  - 4 8 .6      0 .5  -0 .4  + 1 .0  
G B  x  5  E U V N  +  8 .1  -  2 .7  - 1 .1  1 .9  -1 .2  + 2 .2  
H R   4 0  U E L N  - 3 4 .5  -  0 .3  - 0 .9  0 .7  -1 .0  + 1 .4  
H U  x  3 5  U E L N  +  1 4 .0  +  0 .4  - 0 .1  0 .3  -0 .7  + 0 .6  
IT   9  E U V N  - 3 5 .3  +  0 .2  +  0 .3  0 .7  -0 .6  + 1 .1  
L T  x  4 6  U E L N  +  1 0 .2    +  0 .1  0 .2  -0 .2  + 0 .3  
L V   1 2 3  U E L N  +  1 0 .5    +  0 .2  0 .7  -2 .0  + 2 .2  
N L  x  7 5 7  U E L N  - 0 .5      0 .2  -2 .1  + 0 .4  
N O  x  1 1 7  U E L N  - 0 .1  -  0 .5  +  1 .7  3 .7  -7 .6  + 7 .0  
P L   9 8  U E L N  +  1 6 .0  +  0 .5    0 .5  -2 .0  + 0 .9  
P T  x  5  E U V N  - 3 1 .5      1 .3  -1 .4  + 2 .1  
R O   4 6  U E L N  +  2 .8  +  0 .1  +  0 .1  0 .2  -0 .5  + 0 .9  
S E   2 1  E U V N + T id e  G  +  1 .0  -  0 .6    1 .1  -2 .3  + 2 .0  
S I x  9  U E L N  - 4 1 .1  -  1 .6  +  0 .4  0 .3  -0 .4  + 0 .4  
S K   3  E U V N  +  1 2 .2  +  1 .0    0 .2  -0 .1  + 0 .1  
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Reference Tide Gauges in Europe and 

Transformation parameters to EVRF2000 in cm
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(6) EVRF/UELN2006 and the Relationship
to the New Icelandic Vertical Reference

Motivation:

Request of the European Commission to 
define and realize EVRS for ESDI/INSPIRE
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Numbers of Epochs in the UELN/EVRS Data Base 
(status May 2005)
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Letzter Original- „dykpeilsteen“ in der „Nieuwe Burg“-Schleuse
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Differences between a new UELN adjustment with 23 datum 
points all over Europe of the UELN95/98 adjustment

Differences between a new  
UELN adjustment with one 
datum point to UELN95/98.
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EVRS 2006 datum realization

With several selected stable height fundamental 
points (in minimum 2 per participating countries)

Two ways:

Wp = W0 – cp  (levelling) from a former UELN adjustment

Wp = Up + Tp  (BVP) from a new GGM (IAG2005, or a
combined CHAMP/GRACE model 
(CG01C) or the new EGM

and GPS heights hp

γ
P

n

c
H =

Q

PP

Q

p UWT

γγ
ζ −==

ζ−= Pn hH
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Height Datum
is the relation of the reference surface to the
Earth body.

Definition:
• The level of the equipotential surface of a 

World Height System (WHS) is the          
mean sea surface – MSL

• The ellipsoid shall have the same scale –
mean Earth ellipsoid (geocentric) - ME

• Convention:

Mean Earth Ellipsoid (ME):
(W0 is independend from tidal system, Bursa 1999)

MSL
o

ME
o WU =

MEMEMEME
o fGMU ω,,,
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Conventions for the Realization of MSL
(Proposal)

Average of the heights of the free oceans
– in an area from – 60° to + 60° latitude
– in a time period of 18.6 years
– to the epoch 2000.0

using
- satellite altimetry missions  

processed by
- a future IAG altimetry 
service

combined with
- PSMSL tide gauges
- GPS obs. (IGS TIGA-PP)
- the best global gravity
model (GRACE, ... )
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EVRS 2006 frame (realization by levelling)

- Readjustment of UELN as free network

- Use of all new measurements (i.e. Scandinavia)

- Reduce the data to a common epoch (the 
counties are asked to provide repeated levellings)

- Reduce the data to zero tidal system (UELN data 
and analysis centre)

- Close the Baltic ring (ask Russia for data)

- Connect the ECGN stations (by station owners)
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Recommendations for EVRS 2006 in 
short:

1. The EVRS datum definition (conventions 2000) 
is fixed.

2. EVRS needs a new realization for the Datum.

3. A new EVRS realization of the frame is useful 
and needed.

4. Extended conventions for datum realization 
and frame are necessary.

5. For countries which are not part of UELN the 
fitted European geoid and ECGN stations can 
used to realize a common European Vertical 
Datum.
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Recommendations for the                    
New Icelandic Vertical Reference in short:

1. Adopt the EVRS conventions 2000 (WHS, Wp, zero 
tidal system).

2. Relate the datum of the Icelandic Vertical System to 
WHS by the best available geoid model, GPS and 
levelling observations in a number of points.

3. Include the Icelandic tide gauge stations for datum 
control – problem is to connect TG with altimetry.

4. In a first step realize the the frame by adjustment of 
levelling (geopotential numbers – normal heights?).

5. Use the best available parameter and the 
relationships to existing conventions.


