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Proposal for the Development
of an European Combined Geodetic Network (ECGN)

J. IHDE, J. ADAM?, C. BRUYNINX?, A. KENYERESY, J. SIMEK?

Summary

In 1995, EUREF took over the task of the realization and
maintenance of European vertical reference systems. Thework
started withthe UEL N project and oneyear |ater continued with
the realization of the European Vertical Reference Network
(EUVN). TheEUV N isastaticintegrated network, at all EUVN
pointsthree-dimensional coordinatesand geopotential numbers
are derived. In addition the corresponding normal heights as
well asthegravity valuesare provided. Inthetide-gauge stations,
the connection to the sea level isrealized.

In order to ensure the long-time stability of the terrestrial
reference systemwith an accuracy of 10°° at both the European
and global scale, the interaction between the different time
dependent influences of the system Earth on the terrestria
reference system and the related observations has to be
considered in the evaluation models.

The ECGN is a European network for the integration of time
series of spatial/geometric observations (GNSS — GPS/
GLONASSand inthefuture GALILEO), gravity field related
observations and parameters (gravity, tides, ocean tides), and
supplementary information (meteorological parameters,
surrounding information of the stationse.g. eccentricities and
ground water level).

The call for participation is, from the point of view of time,
structured in two stages. The first call is directed to the
implementation of the ECGN stations following the concept
of theproject. TheECGN stationshavethe standard observation
techniquesGNSS(GPS/GLONASS, GALILEOQ), gravity (super
conducting gravimeter and/or absolute gravimeter), levelling
connections to nodal points of UELN/EV RS, meteorological
parameters.

Standard for the ECGN stations is a local network for the
derivation of eccentricitiesat al mmaccuracy level inall three
spatial components. The GNSSpart of the observationsgathered
at the ECGN stationswill beanintegral part of the EPN (EUREF
Permanent Network) and as such will have to fulfill the EPN
guidelines.

Inparale tothefirst cal, the ECGN working group will prepare
the second call for the analysisand investigations. In the first
step, themain action of the ECGN working group will beapilot
study of thecombination of the different observationsfromthe

available stations, and thisto get experiencesin the combination
of spatial informationwith gravity field related data. For super
conducting gravimeter data, the GGP (Globa Geodynamic
Project) data centre could be used for data collection. ECGN
levellingdatawill becollected at the UELN/EV RS datacenter.
Local datacentersfor absol utegravity dataand super conducting
gravimeter data should be installed in the first stage by the
ECGN working group.

Preamble

The principal task of the |AG Subcommission for Europe
(EUREF) consists in providing European-wide solutions
of a gpatia reference system that can be used for both
scientific purposesasor the georeferencing of common carto-
graphic data, as urged by the geodetic and cartographic
community of Europe. The initial action of EUREF was
directed to the spatial reference by GPS. In 1989 EUREF
has defined 1989.0 asthe reference epoch of the European
Terrestrial Reference System (ETRS89) and realized it as
frames(ETRF.yy, yy meanstheyear of reference) by densi-
fication and maintenance of the ITRF.

In 1995, EUREF took over the task of the realization and
mai ntenance of European vertical reference systems. The
work startedwiththe UEL N proj ect and continued oneyear
later withtherealization of the European Vertical Reference
Network (EUVN). The EUV N isanintegrated spatial net-
work: at al EUVN points three-dimensional coordinates
and geopotential numbers are derived. In addition, the
corresponding normal heights, aswell asthegravity values
are provided. In the tide-gauge stations, the connection to
the sea level isrealized. Finally, the EUVN represents a
geometrical-physical referenceframe. In 2002, the EUVN
project hasbeen closed successfully and EUREF started the
prepare of a new phase (ADAM et al. 2000).

Sincedecades, therehave been several initiativesto connect
the reference frames of different geodetic techniques. For
thegeometrical reference, thereal breakthrough wasbrought
by the GPStechnique. However, thereliable and accurate
connection of thisgeometrical informationwiththephysical
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(height) reference system is not yet solved. In this sense,
the EUV N represents the successful redlization of a static
geometrical-physical referenceframe connectiononacon-
tinental scale. Theintegration of al thegeometrictechniques
would be desirable, where gravity must play akey role. In
addition, thestudy of timeevol ution of thedifferent reference
frames and their related parameters (coordinates, gravity
valuesetc.) wouldimprovetheknowledge about the connec-
tion itself (kinematic approach).

Within EUREF, the European Permanent Network (EPN)
issince 1996in operation, experienceswithtidegaugesare
available, and EUREF started with the adj ustment of repeated
levelings(EV S2000; AUGATH et al. 2000). In2001, EUREF
promised their participation of the EPN stationsinthel GS
GPS Tide Gauge Benchmark Monitoring Pilot Project
(TIGA-PP) andthe European Seal evel Service(ESEAS).

EUREF aready in 1996 proposed, withtheResolutionNo 4
of the EUREF Symposiumin Ankara, to perform absolute
gravity measurements. TheEUV N project included asubset
of gravity values derived by connection measurements
between EUV N stationsand national gravity networks. The
EV Sproject studied the possibility of using absolutegravity
measurementsfor investigating height variations. But until
now the Resolution is not realized.

Magjor absolute gravity projects within Europe in the last
15 years have been:

— national gravity networks(e.g. German Gravity Base net
1994 (DSGN94), measured with FG5-101 and JILAg-3,
Austriangravity basenet measured with JLAG-6, Nether-
lands gravity base net measured with JLAg-3 and
FG5-101, FG5-202);

— geodynamic networks(e.g. to monitor the Fennoscandic
uplift (JLAg-5, FG5—102 (NOAA), FG5-101), or to
monitor the rifting of Iceland (FG5-101, JLAg-3 and
JLAg-5); Ardenneand Roer graben studies(FG5-202));

— sealevel changes (e.g. tide gauge stations around UK
(FG5-103), along the M editerranean coast (SEL F-project,
FG5-101 and IMGC), or dlong the German coast (JILAG-3
and FG5-101));

— international gravity network (campaignsof US-NIMA
within Eastern Europe in the 1990's, measured with
FG5-107, FG5-101 and IMGC; the UNIGRA CE-project
from 1997 to 2001 with JILAg-5, FG5-101, JLAg-6,
FG5-206 and ZZG);

— study of temporal variations of the gravity field with
super-conducting gravimeter and absol utegravimeter time
series(Bad Homburg, Wettzdl, Moxa, Vienna, Membach,
Medicina, Strasbourg, Metsdhovi, Ny-Alesund).

Today’s results show clearly that, only in conjunction,
absol ute and super conducting gravimetersconstituteatool
abletoachievethe - Gal-rangein gravity measurementsand
they offer therefore abasis for research on secular gravity
and height variations.

The proposal isto establish a EUROPEAN COMBINED
GEODETIC NETWORK (ECGN) to combine the spatial
and height reference system with Earth gravity field para-
meter estimation. It isin agreement with the planned IAG
project of anlntegrated Global Geodetic Observation System
(IGGOS). (RUMMEL et al. 2000, RuMMEL 2000)

Description of the Proposal

Background

Oneof thefundamental devel opment potential sof geodesy
for the present and the near futureliesin theimprovement
of the accuracy level and theincrease of availability of the
Earth's gravity-field-related height component. Whereas
during the past 10 yearspositioning madedramatic progress
inaccuracy and operability, therewasno substantial devel op-
mentintheEarth'sgravity-field-related hei ght components.

Today, GPS positioning is used for referencing basic geo-
spatial data, and in conjunctionwith geoinformation systems
GPS, has superseded traditional terrestrial methods of
positioninginboth scienceand practical applications, includ-
ing the European administrative sectors. Onthe other hand,
precisehelght determination, whichisanintegral component
of geodetic positioning, continuesto be based on classical
terrestrial methods, which accuracies of 10°to 107, falls
short of three-dimensional GPS positioning by theorder of
two. Sincetheclassical terrestrial methodsarerestricted to
their respective continents, thereisno standardized reference
system of heights on the global level (figure 1).

In Europe, the reproduction cycle of the height reference
systems takes about 30 years. Consequently, the height
component from levelling for GPS positioning is not
available with the same accuracy and operationally. This
fact not only considerably impairs the referencing of geo-
information systems through GPS as to their overal
efficiency, but also the performance of scientific kinematic
and dynamic studies and investigations of the geosphere.

Thecontradictioninaccuracy and operability between GPS
positioning and the levelling of heights can be solved by
using geoid sol utionswith an adequate accuracy (1 cm). They
areused for reducing the GPS heightsto heightsreferenced
to the Earth’ s gravity field. The presently available geoid
solutionsare characterized by long- and medium-waveerrors
(> 100 km), which can be ascribed primarily to inhomo-
geneities of the different height systems, and also to the
insufficient density and inhomogeneity of the terrestrial
gravity data (figure 2, IHDE et a. 2000).

It is expected that the satellite gravity field missions
CHAMP, GRACE and GOCE will bring a considerably
improvement to the determination of thelong- and medium-
waveportion of thegravity field. The short-wave components
of the Earth’ s gravity field, which in the long run ensures
the continuity of 1 cm accuracy level on the local scales,
asowill haveto beacquired by meansof terrestrial gravity
data.
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Therefore, itisnecessary to combinethedataderived from
satellite gravity field missionswith terrestrial gravity data,
that havebeen reduced to astandardized height level . During
afirst phase, combinationsof GPSobservationsand classical
levelling measurementsmay serveto represent fiducia points
for the combined solution.

Theexperienceswithinthe EUV N project (IHDEet al. 1999)
have shown the practical and methodol ogical problemswith

thecombination of different geodetic observation techniques,
especially geometrical and gravity fieldrelated data. Togive
an idea of this, the relations between ITRS/ETRS89 and
EVRS(defined asaworld height system (WHS) inthecom-
ponentsconventions, parameters, and realization) aregiven
intablel1 (IHDEetal. 2000, IHDE et al. 2002). For thecombi-
nation of thespatial (geometrical) and Earth gravity related
componentsauniqueintegrated reference system hastobe
defined and realized.

Table 1: Relations between ITRS and EVRSWHS (conventions, parameters, realization)

ITRS
UGG Resolution No. 2, Vienna 1991

WHSEVRS

IAG Subcommission for Europe, Resolution No. 5,
Tromsg 2000

origin

(Explicit) Geocentric, the center of mass being defined or the whole Earth, including oceans (I mplicit) and atmosphere

Initial BIH orientation. No global residua rotation with
respect to horizontal motions at the Earth's surface.

S| unit meter

Time (TCG)

quasi-Cartesian system

The ITRS scale consistent with the Geocentric Coordinate

coord

orientation

No necessary convention

units-scale

Sl units meter and seconds

The scale of the Earth body W, is approximated by the
normal potential of the mean Earth ellipsoid U, which

includes the masses of the oceans and the atmosphere

inates

potential of the Earth gravity field

Figure 3 showsthe heightsof themean sealevel at theepoch
1997.5 above the GPS/levelling quasi geoid of the EUVN
(WOPPELMANN et a 2000). In Europe in many countries
repeated levellings carried out, but they are not available
inany case. Therepeated levellingsavailableinthe UELN/
EVRS database are represented in figure 4 (SACHER et al.
2002).

Table 2 shows the components of an integrated geodetic
reference systemand their dependenceonthetidal systems.

X W, =W(X)=U,+ T, (GPM)
=W, -C, (Levelling)
system parameters
mean Earth ellipsoid (U, GM, J,, w)
realization
ITRF 2000 EVRF 2000 (UELN 95/98, ETRS89, GRS 80)
tide-free W,=Wap+ C, (Levelling) , zero tidal system

It showsthat aunique concept for thereduction of observa-
tions and related parameters is necessary. Only the origin
of both isidentically defined. For a height system, azero
level surface hasto be agreed on. W, as zero level hasthe
advantage that in regard to the semi-major axis and the
flattening of themean Earth ellipsoidit isindependent from
thetidal system. The main difference hasto be considered
attherealization: Thel TRS/ITRFyy coordinatesaregiven
inthe non-tidal system, the EVRS heightsaregiveninthe
zero tidal system.
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Figure 3: Heights of the mean sea level at the epoch 1997.5 above the
GPS/levelling quasi geoid of the EUVN

Figure 4: UELN/EVRS data base with number of repeated levellings
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Table 2: Components of an integrated geodetic system and their dependence fromtidal systems

gravity geoid
o/Dg WI/N

Mean tidal system
Mean/zero crust

(Stokes is not valid if D N,
masses outside the
Earth surface)

Zerotidal system
Stokes N

Zero/mean crust
Dg, —>

(Recommended by IAG
Res. No. 16, 1983)

z

(EGGY7)

Non-tidal system
Non-tidal crust

(far away from the real Dg,
earth shape —thereisno

reason for the non tidal
concept)

Stokes N

z

(EGM96)

Gravity related componentsaregiveninazerotidal system,
conformingtothel AG ResolutionsNo 16 adoptedinHam-
burgin1983 and to the handling of the gravity data. Contrary
to this, the ITRFyy coordinates are given in the non-tidal
system, the same holds for the global geopotential model
EGM96. The European geoid wasreduced tothezerotidal
system. The non-tidal system/crust isfar off thereal Earth
shape —there is no justification for the non tidal concept.
The Stokesformulais not valid for the mean tidal system,
but the mean sealevel is reduced to the mean/zero geoid
for oceanic studies.

Goald Project Objectives

Securing and maintaining the spatial reference frame for
positioning and gravity-field-related heights, is one of the
coretasksof EUREF. Thestrategic objectiveof thisproject
isto redlize an integrated geodetic reference frame for the
entire territory of Europe.

In order to ensure the long-time stability of the terrestrial
reference systemwith an accuracy of 10°° at both the Euro-
pean and global scale, theinteraction between thedifferent
time dependent influences of the system Earth on the
terrestrial reference system and therel ated observation has
to be considered in the evaluation models.

Theavailability of thereferenceframefor real-timeand near-
real-time positioning needs a high sensitive modelling of
thetime dependent phenomenaof thesolid Earth, theEarth
gravity field, theocean, theatmosphereand the hydrosphere.
Therecording of relevant datato describe and model these
phenomenaisanintegrated part of the maintenance of the
terrestrial reference system.

The height is the most important component of the three-
dimensional positions of the participating ECGN stations

levelling . "
height atimetry mean sea level position
DH h msl X/h
Relation to N,,
DH,, for oceano- Ning
graphic studies
(EVRF2000)
DH,
X,
ITRFyy,
ETRS89

isthe height. However, intheregional or global terrestrial
referencesystem, heightsarelessaccurately determined than
the horizontal components. Thisisdueto the geometry and
thepropertiesof the(mostly spatial) observationswhichare
sengitiveto varioussystematic errors. Therefore, improve-
ments can be expected from the careful combination of
different spatial observation techniques (preferably at the
observationlevel), suchas GPSand Satellite Laser Ranging
(SLR), collocated at the same sites, taking into account the
strengths (and weaknesses) of each individual technique.

The complement of the geometrical positioning with the
physical height component of matching accuracy, operability
and efficiency needs the gravity and a high-precise geoid
inthecm-accuracy range. Theproject contributesto gravity
field modelling for the area of Europe and the generation
of the best possible global model.

Theplanned activitiesaimtolink the patid referencesystem
with gravity field related parametersin order to contribute
to aconsistent description of the general processes of the
system Earth. These processes shall be kinematically inte-
grated into a combined monitoring system of position and
gravity. Products of the satellite gravity field missionswill
be combined with the data of the integrated geodetic
terrestrial reference frame.

Ontheone hand, absolutegravity timeseriesarekey infor-
mationfor long timestabilization of height referencesystems.
Ontheother hand, gravity timeseriesneedspreciseposition
informationto extract positionvariationsfromgravity varia-
tions.

Itisamatter of course that the European spatial reference
system realized by the EPN is based on, resp. contributes
to, global systemsand thereforeisal so acomponent of the
latter. Consequently, the entire project must be seeninthe



J. Ihde et al.: Proposal for the Development of an European Combined Geodetic Network (ECGN) 55

globd context. Thework ontheintegrated kinematic network
must be understood as a European contribution to aglobal
integrated geodetic network. EUREF wantsto support with
this project the activities towards an improvement of the
European height reference system for scientific work and
for the supply of relevant datato European authoritiesand
institutions.

Theanalysisof GPStimeseriesshowsthat the height com-
ponent isnot sufficient verified. Thecombinationwith other
datawithvertical information givesthe possibility to stabilize
thevertical velocities. Themaintechnol ogical aspectisthe
combination of time series of different techniques.

Theproject continuesthetradition of theEUV N into anext
stage. EUV N wasespecially rel ated to the hei ght component
and the redlization of a European kinematical height
reference system with acontinental accuracy of one cm by
using time series of different observation techniques. For
thisitisnecessary to consider thevariation of the Earth sur-
face and the gravity field.

The proposed ECGN may substantially contribute to meet
the geodeti c basi ¢ needs of the geoinformation sector within
Europe. Moreover, inthe course of thefurther devel opment
of the ECGN, the needs and requirements as well as the
demands made on a DGPS Real - Time positioning service
will be allowed for. Additionally ECGN could be a com-
ponent of afuture European disaster monitoring network.
Thetasksof thereferencing geodataand geodynamicinvesti-
gationsrequireaprecisespatial referencesysteminrea-time
or near-real-time which takes into account the complex
interrel ationships between the solid Earth and the ocean,
theatmosphere, and thegravity field. Establishment of this
network iscarried outinaccordancewiththetechnological
dtateof theart of positioning by meansof satellitenavigation
systemsand considersthe foreseeabl e devel opmentsinthe
user strategies

Principles of Network Structure

The ECGN isaEuropean network for theintegration of the
spatial geodeticreferenceframe (GNSS- GPS/GLONASS
andinthefuture GALILEO), gravity field related parameters
(gravity, tides, oceantides), and supplementary information
(meteorological parameters, surroundinginformation of the
stations e.g. eccentricities and ground water level) in a
kinematic mode.

ECGN istheframefor the integration of spatial reference
and the gravity field, the guiding principle consisting in
making availabl etime seriesof themethodsto becombined
on all stationsinvolved especialy:

— Position through GNSS (GPS/GLONASS, GALILEO)
with 10° and better — permanent,

— Gravity (absolutegravity measurements) with microGal
— repeated,

— Gravity field-related heights (linkage of levelling to the
EVRS) with 1 mm/km — repeated.

On some selected stations the following data should be
acquired in addition:

— Ocean tides and sea level changes (tide gauges at the
European coast lines) — permanent,

— High-frequency gravity variations (measurements by
means of super conducting gravimeter) — permanent,

— Vapour concentration intheatmosphere (vapour radio-
meter) — permanent.

Supplementary:

— Meteorological parameters — permanent,

— Eccentricities, local control network— repeated,
— Groundwater gauges — permanent.

About 65 stationsof EUREF's GPS permanent network EPN
fulfil theprinciplesof the network structure (figure5, table
3):

— 15 of them combine GPS and levelling,

— 37 of themcombine GPS, levelling and absol ute gravity,
— 10 of them are GPS/levelling/tide gauge stations and
— 8of themare GPS/levelling/gravity/tide gauge stations.

Itisproposed to qualify about 10 stations as core stations.
Core stations should give the possibility to study the com-
bination of different observationtechniquesand kinematical
effectsin case.

Local datacentersfor thegravity dataand seasurface obser-
vations and combination research centers should be
established.

Theavailableinfrastructureof EPN and UELN/EVRSshould
be left untouched but combined with new elements.
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Call for Participation

Thecall for participation isfrom the point of view of time
structured in two stages. The first call is directed to the
implementation of the ECGN stationsfollowing theconcept
of the project. In parallel the ECGN working group will
prepare the second call of analysis and investigations. In
thefirst step, the main action of the ECGN working group
will be a pilot study of the combination of the different
observations using available collocations at stations e.g.
Medicina, Wettzell etc. and this to get experiencesin the
combination of spatia informationwithgravity field related
data

1% Call: Observation

Thiscal concernstheeaboration of the observation network
of ECGN stations. The ECGN stations have the standard
observation techniques

— GNSS (GPS/GLONASS, GALILEO) — permanent,

— Gravity (super conducting gravimeter and/or absolute
gravimeter) — permanent or repeated,

— Levelling connectionsto nodal points of UELN/EVRS
— repeated,

— Meteorological parameters — permanent.

For therealisation of the EV RS, the connectiontotidegauge
projectsand the recording of vertical changesbetween sea
level and the solid Earth surface, it is necessary to include
sdlected tidegauges (permanent) along European coast lines.

Standard for the ECGN stationsisalocal network for the
determination of eccentricitiesat a1l mmaccuracy level in
al three spatial components (repeated). All typesof obser-
vationtechniquesat aECGN station should besituated with-
in adistance of about 1 km.

Optional are the establishment of ground water gauges at
gravity stations and absolute gravity observations at tide
gauge stations.

Al ECGN stationsarepart of the EPN. For GNSSobserva
tions and data flow, the guidelines for EPN stations &
Operational Centres (http://www.epncb.oma.be/guidelin.
html) have to be fulfilled.

For super conducting gravimeter observations, the agree-
ments and standards of the Global Geodynamic Project
(GGP) are definite (http://www.eas.slu.edu/GGP/ggpas.
html).

For absolutegravity measurements, agreementsand standards
are in preparation, including data formats for archiving
(Annex 1).

Thetide gauges have to be realized following the require-
mentsof the Permanent Service of Mean Seal evel PSMSL
(http://mww.pol .ac.uk/psmd/datai nfo/contrib.htm).

M ethodology and Analysis (Second Call)

For super conducting gravimeter data, the GGP datacentre
could be used for data collection. Levelling dataof ECGN
will becollected at the UELN/EV RS datacenter. Local data
centersfor absol ute gravity dataand super conducting gravi-

meter datashould beinstalled inthefirst stageby theECGN
working group.

Inasecond call it could be asked for

— Analysis centers for the combination of time series
observations of all ECGN stations

— Combination of space techniques (GPS, VLBI, SLR)

— Methodical investigationsfor the combination of spatial
observation data with gravity field-related data

Proposal

Proposals submitted in response to the 1% Call for Partici-
pation must include specific detail sonthetechnical support
that will be offered by the organization and a management
plan. These two main proposal sections will be used for
proposal evaluation and to facilitate comparative analysis.
Proposalsmust besigned by an official authorized to certify
ingtitutional support, sponsorship and management of the
proposed activities.

To start with the project activities and the coordination of
theproject, avery stringent schedul eisto be observed. Due
totheimportanceof theproject, groupsmay joinat any time
afterwards during the time of the project.

The Proposal must contain:

— Cover Page (see below),

— Proposal Summary,

— Description of Proposed Activities,
— Management Proposal,

— Financial Arrangements.

TheCover Page should contain: parent/funding organization,
name and title of authorizing official, name and title of
primary point of contact, mailing address, phone/fax/e-mail,
cooperation organi zations/ institutes, signatures(the cover
page should be signed both by the Authorizing Official
committing the organization/ingtitution to the proposal and
the primary point of contact involved).

Deadlinefor theproposalsisthe 26. April 2003. Pleasesend
your proposal via postal mail to the EUREF chair and the
EUREF Secretary:

For easier distributionto thereviewers, anadditional e-mail
versionshould bemadeavailable(in ASCI| or attached Word
file). Please send the email version to ecgn@bkg.bund.de

Proposal's should not exceed 10 pages.
Proposal Evaluation and Selection

Theprincipal criteriaconsideredinevaluatingthe proposal
aretheir relevance to the EUREF ECGN objectives, their
intrinsic merit, and overall contributiontothe servicewhen
compared to contributionsavail ablethrough other proposals.
In addition to these criteria, management factors will be
considered in the selection.

If ECGN decidesto accept only a portion of the proposal,
the submitting organization will be given the opportunity
to accept or decline such partial acceptance.
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Action plan of EUREF ECGN activities

— Appointment of the members of the ECGN WG — Nov.
2002

— Cadll for participation stage 1 observation—Feb. 15, 2003

— Proposals stage 1 observation — April 26, 2003

— Kick off meeting of the ECGN WG and Proposal
evaluation and selection — May 2003

— Report to the EUREF symposium 2003 — June 2003
— Call for participation stage 2 analysis — Oct. 2003

Organization
Other internatinal
organization
EuroGeographics | IGGC for
WGs < EUREF “«» Europe IHO
network geoid contact to
application gravity national
organization operators of
tide gauges
WG ECGN
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Table 3: Candidate ECGN stations (Draft)
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