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FOREWORD
Ole B. Andersen (IAG Information Editor)

Every four years, after every General Assembly, the
International Association of Geodesy publishes the
Geodesist’s Handbook as a special issue of the Journal of
Geodesy. This is the 7th edition of this Geodesists hand-
book describing the International Association of Geodesy.

This issue of the Geodesist Handbook describes the
new structure of the IAG established prior to and at the
IUGG XXXIII General Assembly in Sapporo, July, 2003.

The structuring of the Geodesist Handbook 2004 is
also changed compared with previous versions to reflect
the new structure of the TAG.

The first part describes the new TAG structure for the
period 2003-2007. It contains an introduction, history, the
IAG internet pages as well as and overview of the IUGG
and TAG structure.

The second part contains the detailed description of
the structure and organization of the International Asso-
ciation of Geodesy for the 2003-2007 period.

The third part is a report of the XXXII™ General
Assembly, held in Sapporo in July, 2003. This part con-
tains the presidents address, Guy Bomford price and
Levallois price acceptance, Meeting reports, Secretary
Generals report and resolutions adopted by the IUGG.

The fourth part describes the administration of the
IAG and includes the new statutes and bylaws as adopted
on the 8" August, 2001, as well and rules for the TAG.

The fifth part presents scientific and miscellaneous
information related to geodesy. The most recent listing of
parameters of common relevance of astronomy, geodesy
and geodynamics by E. Groten is found. Information on
educational establishment, datacenters, national repre-
sentatives, publications is also found in this final part
along with the TAG Directory listing of names and
addresses of persons related to the International Associ-
ation of Geodesy.

I would like to thank all the individuals and institu-
tions, who provided the information to be included in this
Geodesist’s Handbook 2004 and took the time to send
corrections or proof-read documents.

I would like to thank the IAG Central Bureau and
C. S. Pedersen as well as Andreas Lemark and Anders
Almbholt for helping me out in the editing of the individual
contributions.

Most of the information contained in this volume is
also available on the IAG Web pages

http://www.iag-aig.org

Here you will always find the most recent version of
the documents appearing in the Geodesists Handbook, as
well as other relevant information to geodesy.

Corrections and updates to the Geodesist’s Handbook
will be published in the TAG Newsletter, as part of the
Journal of Geodesy.
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The New IAG Structure

President of IAG: G. Beutler (Switzerland)

Gerhard Beutler

Preamble

The Statutes and By-Laws of the Association, as they
were accepted by the IAG Council at the IAG Scientific
Assembly 2001 in Budapest, are included in this new edition
of the Geodesist’s Handbook 2004. Consequently, these
introductory remarks concerning the IAG Structure 2003—
2007 are redundant, by definition. The only excuse to write
these lines resides in the experience that many colleagues —
geodesists, surveyors and geophysicists — start yawning
when reading expressions like “Statutes” and “By-Laws”.

The author of this “Explanatory Supplement” hopes to
have extracted the essence of the new IAG in a less formal,
but still informative way. As the full text of the Statutes and
By-Laws is available in this Volume, it is allowed to mention
only the more relevant elements and facts, subsequently.

The restructuring process 1999-2003 was deep and
fundamental. The key elements were:

— the new structure should have a focus
— the new structure should be based on the three pillars
of modern geodesy, namely the geometric shape of the

Earth, the Earth’s gravity field, and the orientation of
the Earth in space.

— the new structure should (better) incorporate the very
successful IAG services, among other by a represen-
tation in the IAG Executive Committee.

It is very interesting to look at the “new IAG” from the
perspective of history. This was done by Beutler et al.
(2004), also included in this Volume.

1 The road from Birmingham (1999) to Sapporo (2003)

The new IAG structure was developed after the IUGG
General Assembly in Birmingham in summer 1999.
Between the summer 1999 and the summer 2001 a thor-
ough review of the IAG work and structure was per-
formed by the so-called IAG Review Committee, the work
of which is documented by Beutler et al. (2002). The list of
authors of this document also is identical with the list of
members of the IAG Review Committee.

The report was presented to the IAG Scientific Assem-
bly in Budapest in September 2001 in Budapest. The pro-
posed new structure was accepted by the IAG Executive
Committee and later on by the IAG Council, which held an
extraordinary meeting on September 8,2001 in Budapest.
At the same meeting Rummel et al. (2002) proposed to
create the the Integrated Global Geodetic Observing Sys-
tem (IGGOS) as IAG’s first project. After the Budapest
Scientific Assembly the IAG Review Committee was
abolished and the TAG Committee for the Realization of
the New IAG Structure was created. It was in essence
composed of the IAG Executive, augmented by few experts
from services and regions. The committee members were:

— Gerhard Beutler (IAG first Vice-President, Chair of
Committee)

— Fernando Sanso (IAG President)

—  Christian C. Tscherning (IAG Secretary General)

— Alan Dodson (President Section I)

— C.K. Shum (President Section II)

— Michael G. Sideris (President Section III)



— Bernhard Heck (President Section 1V)

— Klaus Peter Schwarz (Past President of TAG)

— Ruth E. Neilan (Director IGS Central Bureau)

— John Manning (Representative of Southern Hemisphere)

The work of mapping the old structure into the new one,
of creating the planning group for the Inter-commission
Committee (ICC) on Theory, and of issuing the call for
proposals for the Outreach Branch was given to the IAG
Committee for the Realization of the new IAG structure.
It was decided furthermore that the creation of a planning
group for the TAG Project called IGGOS (Integrated
Global Geodetic Observing System) should be left to the
initiative of Reiner Rummel and Gerhard Beutler (see
Beutler et al. 2004). The IAG Committee for the realiza-
tion of the new IAG structure held three meeting (on
September 6, 2001 in Budapest, on December 11, 2001 in
San Francisco, and on April 26, 2002 in Nice).

2 The essence of the new IAG Statutes and By-Laws

The IAG statutes say: “The Mission of the Association
is the advancement of geodesy, an Earth science that in-
cludes the study of the planets and their satellites. The
IAG implements its mission by advancing geodetic theory
through research and teaching, by collecting, analyzing,
and modeling observational data, by stimulating techno-
logical development and by providing a consistent repre-
sentation of the figure, rotation, and gravity field of the
Earth and planets and their temporal variations.

The mission statement is very broad by including our
Moon, the planets of the solar system, and perhaps even
satellites of other planets (than the Earth) into the sphere
of interests and activities of the Association. We will see
below that this broad understanding is reflected by the
new structure.

The Association’s objectives are stated in the TAG
Statutes, as well (please consult this document for more
information). The scientific work of the Association is
further specified in greater detail the new IAG By-Laws:
The scientific work of the Association shall be performed
within a component-structure consisting of:

— Commissions

—  Services

— Inter-commission Committees

— the Communication and Outreach Branch, and
— TAG Projects,

hereafter called the Association components or compo-
nents. When comparing the previous with the new struc-
ture we find that the Services are mentioned for the first
time as IAG components on the same level of the hier-
archy as the Commissions. The new structure was sim-
plified insofar as the old “section-level” was abolished.

The Communication and Outreach Branch, Inter-
commission Committees (ICCs), and IAG project(s) are
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new structure elements. Let us briefly browse through
these elements. We only include the general definitions
and remarks. The Terms of Reference of the components
for the time period 2003-2007 may be found in this Vol-
ume, as well.

2.1 Commissions

Commission 1: Reference Frames
(President: Hermann Drewes)

The objectives of Commission 1 are:

— The establishment, maintenance, improvement of the
geodetic reference frames.

— Advanced terrestrial and space observation technique
development for the above purposes.

— International collaboration for the definition and
deployment of networks of terrestrially-based space
geodetic observatories.

— Theory and coordination of astrometric observation
for reference frame purposes.

— Collaboration with space geodesy/reference frame re-
lated international services, agencies and organizations.

Commission 2. Gravity Field
(President: Chris Jekeli)

The objectives of Commission 2 are:

— Terrestrial, marine, and airborne gravimetry.
— Satellite gravity field observations.

—  Gravity field modeling.

— Time-variable gravity field.

— Geoid determination.

— Satellite orbit modeling and determination.

Commission 3. Earth Rotation and Geodynamics
(President: Véronique Déhant)

The objectives of Commission 3 are:

— Earth Orientation (Earth rotation, polar motion,
nutation and precession).

— Earth tides.

— Tectonics and Crustal Deformation.

— Sea surface topography and sea level changes.

— Planetary and lunar dynamics.

— Effects of the Earth’s fluid layers (e.g., post glacial
rebound, loading).

Commission 4. Positioning and Applications
(President: Chris Rizos)

The objectives of Commission 4 are:

— Terrestrial and satellite-based positioning systems
development, including sensor and information fusion.
— Navigation and guidance of platforms.



562

— Interferometric laser and radar applications (e.g.,
Synthetic Aperture Radar).

— Applications of geodetic positioning using three
dimensional geodetic networks (passive and active
networks), including monitoring of deformations.

— Applications of geodesy to engineering.

— Atmospheric investigations using space geodetic
techniques.

Each Commission has a Steering Committee, with a
maximum of twelve voting members, who define the
appropriate sub-structure of the Commission, which may
consist of the following components:

— Sub-commissions,
— Study Groups.
— Commission Projects

The Commissions were encouraged to set up inter-com-
mission components and components together with the
ICCs.

2.2 Services

All services somehow associated with the IAG in the
past were invited to become official IAG Services under
the new structure. The following services decided to follow
this invitation in the sense defined by the new IAG Stat-
utes and By-Laws:

— IERS (International Earth Rotation and Reference
Systems Service)

— IGS (International GPS Service)

— ILRS (International Laser Ranging Service)

— IVS (International VLBI Service for Geodesy and
Astrometry)

— IGFS (International Gravity Field Service)

— IDS (International DORIS Service)

— BGI (International Gravimetric Bureau)

— IGES (International Geoid Service )

— ICET (International Centre for Earth Tides) (Belgium)

—  PSMSL (Permanent Service for Mean Sea Level)

— BIPM (Bureau International de Poids and Measure -
time section)

— IBS (IAG Bibliographic Service).

The TAG services work in a relatively independent way.
Their decision to join the IAG as services in the sense of
the new Statutes and By-Laws could not be “‘enforced” by
the TAG. They are represented in the IAG Executive
Committee by three members. This implies that the three
representatives do not represent all the services.

IAG has a mix of very old and very young services.
Their history is very interesting. Consult Beutler et al.
(2004) for more information.

2.3 Inter-commission Committees

The establishment of Inter-commission Committees
(ICCs) was not a trivial task. The idea of ICCs emerged
when discussing the future of Section IV “General Theory

and Methodology” of the old TAG structure. The con-
struction was triggered on one hand by the insight that
“theory” should not (and cannot) be handled within one
theory-oriented Commission only, but that theory must be
an integrated part of all Commissions. It was also clear, on
the other hand, that there are disciplines related to theory
which cannot be dealt with within one Commission, but
which are relevant to all Commissions. For problems of
this kind a coordinating entity seemed to be necessary. The
opinion of the IAG Committee on the New Structure and
(later on) of the IAG Executive Committee (old and new) is
very well captured by the definition given in the By-Laws:

“Inter-commission Committees handle important and
permanent tasks involving all Commissions. Each Inter-
commission Committee shall have a steering committee
consisting of the following membership:

— President appointed by the IAG Executive Com-
mittee.

— Vice-president appointed by the IAG Executive
Committee.

— One representative from each Commission.

The terms of reference for each Inter-commission Com-
mittee shall be developed by a planning group appointed
by the TAG Executive Committee. The Inter-commission
Committees report to the IAG Executive Committee. The
Inter-commission Committee will be reviewed every eight
years.”

When reading the Terms of Reference of the ICCs, one
might get the impression that the above definition is not
(always) literally observed. There are, e.g., purely internal
Working Groups in in the ICC on Theory. This exception
was approved by the Executive Committee.

One may be moreover amazed to find not only the ICC
on Theory (chaired by Peiliang Xu), but also proposals for
an ICC on Planetary Geodesy and for an ICC on Geo-
detic Standards. The IAG Council authorized the IAG
Executive Committee to set up the two ICCs, provided the
planning groups could finalize the preparatory work.
Currently, the planning groups for both ICCs are final-
izing their preparatory work. Intermediary reports of the
planning groups are contained in this Volume.

The ICC on Planetary Geodesy is an excellent example
for an ICC in the spirit of the above definition: The
exploration of the Moon and of planets (other than the
Earth) using geodetic techniques is, in particular in view of
the “race to Mars” of the prominent space agencies taking
place currently, a hot topic and should undoubtedly be
addressed by IAG. It is also crystal clear that the topic
involves all IAG Commissions. The same is also true in the
case of the ICC on Standards: IAG must make available
fundamental constants, etc., and speak with one tongue in
such questions. This task shall be delegated to the ICC on
Standards. In order to accomplish the task, the ICC has to



maintain very close links to the Commissions, but in this
case also to the IAG Services; in particular to the IERS,
maintaining the well-known IERS Conventions.

2.4 The IAG Project

The new structure allows it to create IAG projects.
IAG projects are, as a matter of fact, a (and perhaps the)
essential element to realize a focus in the work of the
Association. Let us again quote the IAG By-Laws:

“IAG Projects are of a broad scope and of highest
interest and importance for the entire field of geodesy.
These projects serve as the flagships of the Association for
a long time period (decade or longer).

The IAG Executive Committee shall appoint planning
groups for the creation of each IAG Project. Each IAG
Project shall have a Project Steering Committee consisting
of the following membership:

— The project chair appointed by the IAG Executive
Committee

— One member from each Commission appointed by the
Commissions’

— Steering Committees

— Two Members-at-Large proposed by the members of
the Project

— Steering Committee and approved by the IAG Exec-
utive Committee

— Chairs of the IAG Project sub-groups (if any).

In the TAG Structure 2003-2007 there is exactly one
project, the IGGOS, standing for Integrated Global
Geodetic Observing System. A planning group for the
IGGOS was set up at the IAG Scientific Assembly in
Budapest, a first meeting was held in May 2002 in
Washington, a second one in October 2003 in Munich.
The terms of Reference of the IGGOS project are con-
tained in this volume, as well. More information con-
cerning IGGOS and its importance from the perspective
of history may be found in Beutler (2004).

The IGGOS project is chaired by Christopher Reigber
from the GeoForschungsZentrum (GFZ) in Potsdam.
With this appointment the IAG goes back, at least geo-
graphically, to its roots: Friedrich Robert Helmert, the
first director of the IAG Central Bureau, was residing in
Potsdam as well — as a matter of fact in the same building
and at the same desk as the IGGOS president. We of
course all assume that the “genius loci”” will make IGGOS
a great success.

2.5 Communication and Outreach Branch

Nowadays, Communication and Outreach are of emi-
nent importance, not only in politics, but also in science.
This aspect shall be in particular dealt with by the so-
called TAG Communication and Outreach Branch.

Let us again quote the relevant definition from the IAG
By-Laws: “The Communication and Outreach Branch
provides the Association with communication, educa-
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tional/public information and outreach links to the
membership, to other scientific Associations and to the
world as a whole.

The responsibilities shall include the following tasks:

— Promote the recognition and usefulness of geodesy in
general and TAG in particular.

— Publications (newsletters)

— Membership development.

— General information service and outreach.

The Communication and Outreach Branch may also assist
the IAG Central Bureau in the following tasks:

— Maintenance of the IAG Web page,
Setting up Association schools,
Setting up meetings and conferences,
— Maintaining the Bibliographic Service.

A Call for Proposals was sent out in fall 2002. IAG was
very lucky to be able to make its final selection from
various excellent proposals. Eventually, the proposal of
the Budapest University of Technology and Economics
was accepted. Jozsef Adam is the director of the Com-
munication and Outreach Branch. The address of the new
IAG homepage is “www.iag-aig.org”.

3 Individual Membership

The Membership of the Association consists of
Countries, Candidate Members, Individual Members and
Fellows. The individual membership is a new element of
the new TAG structure. It is the attempt of the Associ-
ation to improve the “IAG esprit de corps”. The rights
and privileges of individual members are listed in the
IAG By-Laws. The membership lets you take part more
actively in the life of the association. It is accompanied
by a modest annual fee, which, in the good old IAG
tradition is used primarily to support our young col-
leagues and our colleagues from developing countries.
Membership forms may be downloaded from the IAG
homepage (www.iag-aig.org). You also find a specimen
attached to this report.

4 Concluding Remarks

The IAG Review and restructuring process was long
and (to a certain extent) exhausting. The result is inter-
esting and promising. The new structure is, of course, also
a compromise of (at times very) different positions, atti-
tudes, and opinions. Be this as it may: The time of
restructuring is over. We now have to bring the Associa-
tion, within the new framework, to life and to work.

I am personally looking forward to four years of hard,
but also rewarding work. It will be in particular of greatest
importance that the interface between commissions and
services is defined properly, that frictions between Com-
missions and Inter-commission Committees are mini-
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mized, and, last but not least, that the IGGOS actually RumMEL R, DrEwes H, BEUTLER G (2002) The IAG re-
develops into the proud IAG flagship — as it is supposed to view 2000-2001:Executive summary. International
be according to the IAG By-Laws. Association of Geodesy Symposia, Vol. 125, 603—608.
BeEuTtLER G, DRrREwes H, VERDUN A (2004) The new

References structure of the International Association of Geodesy
(TAG) viewed from the perspective of history. Geod-

BEUTLER G, BRUNNER F, DIckEY J, FEISSEL M, FORSBERG esist’s Handbook 2004. Journal of Geodesy, this

R, MUELLER II, RUMMEL R, SAnso F, Scuwarz K-P Volume.

(2002) The TAG review 2000-2001: Executive sum-
mary. International Association of Geodesy Sympo-
sia, Vol. 125, 603-608
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The new structure of the International Association of Geodesy (IAG) viewed
from the perspective of history

G. Beutler!, H. Drewes?, A. Verdun!

I Astronomical Institute, University of Bern, Sidlerstrasse 5, CH — 3012 Bern, Switzerland
e-mail: gerhard.beutler@aiub.unibe.ch, andreas.verdun@aiub.unibe.ch
2 Deutsches Geoditisches Forschungsinstitut, Marstallplatz 8, D — 80539 Munich, Germany
e-mail: drewes@dgfi.badw.de

Abstract. The IAG Executive Committee and the IAG
Council decided to invoke a thorough review of the IAG
and its structure with the goal to create a new, hopefully
simpler structure, meeting the needs of the 21st century, at
the TAG General Assembly in Birmingham in 1999. The
new structure was implemented in 2003 at the XXIII-rd
IUGG General Assembly in Sapporo. The new structure
should

— have a focus

— be based on the three pillars of modern geodesy,
namely the geometric shape of the Earth, the orienta-
tion of the Earth in space, and the Earth’s gravity field,
and

— Dbetter incorporate the IAG services

The new structure may be viewed as an attempt to go
back to the roots of the IAG, as they were designed and
realized by the eminent geodesists and practitioners of the
19th century.

There are remarkable parallels between this first IAG
structure and that of 2003: The focus of IAG in the 19th
century was the Central European Arc Measurement, in
the 21st century it is the Integrated Global Geodetic
Observing System (IGGOS). The creation of the Interna-
tional Latitude Service (ILS) was a proud achievement of
the “old” TAG, today’s IAG services are the modern
counterpart. The goals of the 19th century TAG were
technically achieved by optical (astrometric) observations
and politically by international collaboration. The modern
tools are the space geodetic techniques (geometric and
gravitational), nothing changed on the political level: Only
international coordination and collaboration and long-
lasting institutional commitments promise satisfactory
results.

Key words. Earth observing systems, reference systems,
Earth rotation, gravity field, history of geodesy

1 Geodesy and IAG

By the mid-19th century geodesy was established as an
independent scientific discipline with a theoretical foun-
dation (containing specialized concepts) and with dedi-
cated observation methods. In the 1880s, Friedrich Robert
Helmert (see Fig.1) compiled and refined the mathematical
and physical theories related to geodesy in his two-volume
ocuvre Helmert (1880). He defined the so-called higher
geodesy as the methods to determine the equipotential sur-
faces and to measure parts of the Earth’s surface of arbi-
trary size by horizontal projection and heights considering
the shapes of the equipotential surfaces.

According to Torge (2001) and (Torge1996), geodesy is
the science of the measurement of the Earth’s surface and its
external gravity field including temporal variations. 1If
“measurement of the Earth” is understood to include also
the orientation of the Earth in inertial space, then the
above definition may be considered as valid for our pur-
pose. Modern geodesy is based on three pillars, namely

— The geometric shape of the Earth (land, ice, and ocean
surface) as well as its variations with time,

— The orientation of the Earth in space as a function of
time (described by the Earth rotation parameters pre-
cession, nutation, length of day, and polar motion), and

— The Earth’s gravity field and its temporal variations.

This definition of modern geodesy was put forward by
Rummel et al. (2002), who also made the following pro-
posal in the same article: We propose, as a candidate IAG
project, an Integrated Global Geodetic Observing System
(IGGOS). IGGOS should combine — with utmost precision
and consistency — the three fundamental areas of geodetic
research into one integrated global observation and analysis
system for Earth sciences. The level of relative precision and
consistency was specified to be at least at the order of 10~°.



What is the motivation to invoke a large-scale experi-
ment like IGGOS? There were — as often in such cases —
many reasons. Let us give three, which we believe to have
been of central importance:

— It was inspiring that Prof. Klaus-Peter Schwarz,
president of the Association between 1996 and 2000,
was convinced that the Association would need a
new focus in the new millennium. His questions,
concerns, and his convincing power led, among
others, to the organization of the IAG Section II
Symposium in Munich in October 1998 (documented
in Rummel et al. (2000). Many ideas, how to reor-
ganize IAG and how to realize IGGOS within the
Association, were discussed for the first time at this
symposium. The name Integrated Global Geodetic
Observing System and the corresponding acronym
IGGOS were coined in 1998 in Munich. It was
understood, from this point in time onwards, that
IGGOS should be considered as the focus for most
of the TAG activities.

— The five-section structure of the TAG was imple-
mented already in 1951 at the General Assembly in
Brussels and the most recent serious review of the
structure took place at the General Assembly in
Hamburg in 1983. This development is documented by
Table 1 (taken from Beutler 2000). Many important
developments, mainly due to the advent of the space
age and the advancement of measuring technology,
were not reflected by the TAG structure implemented
in 1951 or in 1983.

— According to Levallois (1980), the IAG Sections
should define the fundamental directions for geodesy
and give as complete a picture as possible of current
research and results in their fields. Attached to the
sections there could be commissions and special study
groups. The commissions had the task of dealing with
special problems requiring coordinated international
action. Often they were centered around a permanent
bureau, implying that commissions had a permanent
status, as well.

There was overlap between the sections, but there was
no such thing as a focus for the entire association. The
definition of the essential research topics was left to the
five sections. We conclude therefore that the idea of one
focal point for the entire association did not exist (nor did
it play any role) in the structure established in 1983. The
so-called “permanent bureaus” were not considered di-
rectly as a part of the Association, but only indirectly
through the commissions. This set-up assumes that the
permanent bureaus have “only” routine and organiza-
tional tasks, but certainly no research duties. Research
should be performed in the sections, in particular in the
study groups.

With the advent of the new space geodetic services, in
particular the IERS and the IGS (International GPS
Service), the assumptions underlying the old IAG struc-
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ture were no longer valid: The space geodetic services are
most actively involved in geodetic research — one might
even say that they lead the research in important areas and
that they are very close to what might be the new IAG
focus. This new and exiting development was not at all
reflected by the old IAG structure. The service-related
aspects will be further discussed in Chapter 4.

It became clear at the Munich Section II symposium in
1998, that not only a new focus, but an entire new IAG
structure, allowing the Association to focus on a central
issue, was required. This is why the IGGOS project and the
new IAG structure cannot be separated from each other. At
the IAG General Assembly in Birmingham in 1999 the
result of four years of analyses of the IAG were presented
and discussed at the symposium called /4G structure to meet
Sfuture challenges. 1t was decided that an IAG Review Com-
mittee should be given the task to come up with a proposal
for a new IAG structure at the IAG Scientific Meeting in
2001 in Budapest. The IAG Review Committee organized a

o

T AT S

I‘_f" St sk W L0, dibaduih

7R

S
[ 524

Fig 1. Friedrich Robert Helmert (1843-1917)
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Table 1. The IAG Sections

Section Year Title
| 1951 Triangulation
1971 Control Surveys
1983 Positioning
11 1951 Precise Leveling
1971 Satellite Surveys
1983 Advanced Space Technology
11 1951 Geodetic Astronomy
1971 Gravimetry
1983 Determination of the Gravity
Field
v 1951 Gravimetry
1971 Theory and Evaluation
1983 General Theory and Methodology
\% 1951 Geoid
1971 Physical Interpretation
1983 Geodynamics

retreat in February 2000, where experts from geodesy,
Earth sciences, government organizations, etc. were invited
to develop, together with the committee, a first proposal
for the new structure. The committee did then complete
its work in a series of meetings, documented its findings
in Beutler (2002), drafted new IAG statutes and ByLaws
(see TAG homepage, http://www.gfy.ku.dk/~iag/), and
presented its work for approval to the IAG Executive
Committee and the IAG Council in September 2001 in
Budapest. After slight revisions the proposal was approved.
The new IAG consists of

— Commisions

—  Services

— A Communication and Outreach Branch
— IGGOS as IAG's first project.

The four elements are represented in the IAG Executive
Committee. Commissions and services thus are on the
same level in the new IAG structure. Moreover, the new
Statutes and ByLaws allow it to create an IAG project and
so-called inter-commission committees. More details
about the new TAG structure may be found in Beutler
(2002) and Beutler (2003).

The attempt to establish IGGOS as IAG’s first (and
only) project should be compared to the creation of the
IAG itself in 1864. This aspect will be further pursued in
Chapter 2.

The proposal put forward by the IGGOS planning
group to the IAG Executive Committee and the IAG
Council at the IAG General Assembly in Sapporo contains
definition, vision, and mission statements. Moreover, the
objectives are specified, a science rationale is provided, and
the plan to implement IGGOS is specified. For the com-
plete information we refer to the original text of the pro-

posal (see IAG homepage, http://www.gfy.ku.dk/~iag)/).
Here we confine ourselves to reproduce the definition
statement:

Definition: 1GGOS stands for Integrated Global Geo-
detic Observing System. System should be understood as
the basis on which the future advances in geosciences can
be built. By considering the Earth system as a whole
(including solid Earth, atmosphere, ocean, hydrosphere,
ice, liquid core, etc.), monitoring it by geodetic techniques
and by studying it from the geodetic point of view, the
geodetic community does provide the global geosciences
community with a powerful tool consisting mainly of high
quality services, standards and references, and theoretical
and observational innovations. . ..

IGGOS has a central theme, namely Global deforma-
tion and mass exchange processes in the System Earth.
Under the umbrella of geometry plus Earth rotation plus
gravity field, this theme encompasses virtually all facets of
geodesy. In addition, it may easily be translated and
broken down into tangible individual sub-themes and -
products.

IGGOS will be based on the existing IAG Services. It
will provide a framework for existing or future services
and wants to ensure their long-term stability. IGGOS
must be recognized by partners outside TAG, e.g., by
UNESCO, ICSU (International Council of Science),
IGOS (the United Nations’ Integrated Global Observing
Strategy), governments, inter-government organizations,
WCRP (World Climate Research Program), IGBP
(International Geosphere Biosphere Program), etc., as
geodesy’s most important contribution to Earth sciences.

The initial structure to be established for the IGGOS
definition phase is simple and compatible with the existing
IAG services. The key elements of the initial IGGOS
structure are:

— The IGGOS Project Board as the central oversight
entity.

— Few well-defined Working Groups. The tasks of the
working groups are to a high degree independent of
the tasks of the IAG services.

— An IGGOS Science Council representing the geodetic
community.

More details may be found in the IGGOS description in
this volume.

2 General Baeyer’s magnificent enterprise

The history of the TAG till 1996 is very well documented
by Levallois (1980) and Torge (1996). Our main interest is
related to possible parallels between the birth of the
Association and its new structure — if there are any. Our
interest was stimulated by the article by Schwarz (2000),
who wrote:



Fig 2. The Prussian General Johann Baeyer (1794-1885)

“The impetus for organizing the international scientific
work in geodesy came from J. J. Baeyer, who in 1861, at
the age of 66, sent his famous memorandum to the King
of Prussia urging the establishment of the Central Euro-
pean Arc Measurement. .. Baeyer (1861) states:

In this framework, one could compute about 10 meridian
arcs at different longitudes and even more parallel arcs at
different latitudes; it would also be possible to compare the
curvature of the meridians on both sides of the alps, to study
the effect of the alpine ranges on the deflections of the
vertical and to determine the curvature of the Adriatic and
the Mediterranean, as well as the North Sea and the Baltic,
in a word, there is a wide field for scientific investigations
which have not been considered in any of the arc measure-
ment campaigns and which, no doubt, will lead to interesting
and important results. ... If Central Europe is therefore
willing to unite and use its resources for the solution of this
task, it will call into being an important and magnificent
work. . ..

The new set of questions that Baeyer proposed to ask
had to do with the Earth as a system. He established as
guiding principles that the system Earth
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— Must be considered as consisting of the solid Earth
and the oceans.

— Could be determined by measurement, of both the
geometric and gravimetric variety.

— Required the integration of existing components, to
provide new insights.

— Needed international cooperation and a scientific
organization.

These principles created a focus for geodetic research
that could still be felt fifty years later when the First
World War interrupted this development.”

3 General Baeyer’s magnificent enterprise and IAG in the
21" century

The above quotations from Schwarz (2000) may be viewed
as the justification from the historical point of view of the
new IAG with IGGOS as its central theme. Let us further
investigate the parallels between Baeyer’s ‘“‘magnificent
enterprise” and the more prosaic IGGOS (at least when
judged from the naming point of view).

In 1861 Baeyer was a retired general of the Prussian
army, well aware of the engineering, military and eco-
nomic implications of his proposal. The engineering part
of IGGOS is important, as well: The second half of the
20™ century has seen an unprecedented development of new
measurement techniques in geodesy. Extensive use is made
of global satellite navigation systems like the GPS (the U.S.
Global Positioning System), the Russian counterpart
GLONASS, the French system DORIS, and the future
European system GALILEO. These systems were neither
designed nor are they maintained for scientific reasons, but
for everyday applications like airplane and car navigation,
hiking and biking, positioning, etc., and (at least for the first
two systems) for military use. They must be complemented,
for practical reasons, as well, by precise gravity observation
systems (terrestrial, airborne, spaceborne) in order to allow
for the determination of physical heights, which matter for
many engineering applications.

The proposers of the new IAG structure and of IGGOS
are convinced — exactly as General Baeyer was in his
epoch — that the available magnificent geodetic high pre-
cision instruments must be used for the benefit of science
and society — in particular for Earth sciences and astron-
omy (many of the methods developed in space geodesy
could, e.g., be used for determining size, figure, orientation,
and gravity field of the Moon, or other planets of the solar
system).

What Baeyer proposed, and what was eventually
realized, was neither the first arc measurement, nor were
the first gravimetric measurements performed in the
context of the Central European Arc Measurement. The
new aspect of the enterprise was the use of mature
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geodetic measurement techniques and the standardiza-
tion of observation and analysis, which allowed it to
focus on scientific issues, rather than on measurement
technology.

A similar situation is encountered today: The revolu-
tionary geodetic techniques designed and deployed in the
second half of the twentieth century are mature (or are
about to become mature). Their scientific exploitation
asks for a magnificent enterprise in the sense of Baeyer.
The “initial conditions” for IGGOS may be summarized
as follows:

— With the advent of the space age in 1957 satellite
geodesy was developed as a new branch of science.
Satellite geodesy uses artificial satellites either as
measurement targets or as measurement platforms.
Thanks to the relative closeness of the targets
(“only” a few thousand kilometers) and thanks to
new developments in physics, alternative measure-
ment techniques eventually replaced the one and only
technique in astronomical geodesy (geodetic astron-
omy), namely the astrometric determination of the
direction of the observer to the celestial object at a
particular point in time. The Laser technology could
be used to measure precise distances between obser-
vatories and satellites (today with a typical accuracy
of 1 cm), crystal oscillators and atomic clocks opened
the way for using microwave signals (emitted by
artificial satellites) to measure distance differences
referring to two different epochs and one pair
“satellite-receiver”.

— The celestial reference frames, previously (from the
stone age up to the second half of the 20th century)
realized by observing the directions to so-called fun-
damental stars with optical means, is today defined
and maintained by simultaneously observing Quasars
(Quasi-stellar radio sources) from different radio-
astronomical observatories by using the Very Long
Baseline Interferometry (VLBI) technique.

— In the determination of the Earth’s gravity field (the
third pillar of modern geodesy) the (r)evolution due to
the advent of the space age was perhaps even more
spectacular than in the area covered by the first two
pillars. The revolution took place in three steps:

1. Whereas only the mass of the Earth and the
(dynamical) flattening (corresponding to the Cyy
and C,g-terms of a spherical harmonics expansion of
the Earth’s gravity potential) were reliably known
before 1957, hundreds of terms emerged firom the
analysis of the orbits of geodetic satellites using
Laser, Doppler, (initially also astrometry) as
observation techniques.

2. With the uninterrupted tracking of low satellite
orbits using spaceborne GPS receivers, the gravity
field can be determined with unprecedented accu-
racy. This is proved with the first results of the
German CHAMP mission.

3. With the advent of satellite gradiometry (based ei-
ther on extremely precise distance measurements
between neighboring low orbiters or on gradiome-
ters realized by a set of accelerometers within one
and the same satellite), the Earth’s gravity field and
its temporal variations may be determined with
unprecedented accuracy and (temporal and spatial)
resolution. Temporal variations, e.g., caused by the
re-distribution of mass in the Earth system con-
sisting of solid Earth, ice fields, oceans, and
atmosphere, are the key objective of the GRACE
mission. Using gradiometry based on acceleometers
it is also possible to determine the stationary part
of the Earth’s gravity field with unprecedented
accuracy — the primary goal of ESA’s GOCE
mission.

— Triangulation (i.e., the fine art of establishing geodetic

networks of regional or even continental size) was well
established when Baeyer made his proposal. The tools
to measure absolute gravity were a bit lagging behind
in the development. It was an essential element of
Baeyer’s proposal to include both techniques. The
situation is similar today: the geometry-related IAG
services IGS, ILRS, and IVS monitor (point-wise) the
geometrical aspects of the system Earth already now
on the 10~°-level. The gravity-related results are about
to reach this level with the series of space missions
CHAMP, GRACE, and GOCE. Again we are in a
situation, where the geometrical aspects related to the
system Earth are better established than those related
to gravity.

— The consistency of the geometrical and gravity-related

methods and results was considered only implicitly
and as a side issue in Baeyer’s proposal. Within
IGGOS consistency of geometry and gravity is a
central, probably even the key element. For all
applications requiring the knowledge of equipotential
surfaces, thus in particular for all research related to
global change, this consistency is a prerequisite. Take
altimetry as an example! If this consistency, compati-
ble with the accuracy achieved in geometry and in
gravity, cannot be guaranteed, sea level changes,
ocean currents, etc., cannot be established properly.

4 The IAG services

The incorporation of the IAG services was one of the key
element of the TAG restructuring process 1999-2003. Let
us therefore briefly review the development of (some of)
these IAG units. The history of the IAG services told here
is based on information contained in the documentation
Mueller (1998), and on the articles, Mueller (2000), Gui-
not (2000), Wilkins (2000), Yokoyama (2000) and Beutler
(2000).

Table 2 from Beutler (2000) lists the currently active
TAG services. We should mention that many of them are



“not only” linked to the TAG (or, what we consider to be
equivalent, to IUGG, the International Union of Geodesy
and Geophysics), but also to other scientific associations.
The IERS and the IVS, e.g., are services of the TAU, the
International Astronomical Union, as well, and the
PSMSL, the Permanent Service for Mean Sea Level, is
also responsible to IAPSO, the International Association
for the Physical Sciences of the Ocean. Most of the ser-
vices are, moreover, working under the auspices of FAGS,
the Federation of Astronomical and Geophysical Data
Analysis Services.

It is our understanding that a new IAG service should
only be created, if its products are well defined, regularly
generated, and of importance for a larger user community.
The services are very different in age (the ILS, one of the
predecessors of the IERS, started operations in 1899, the
IBS (International Bibliographic Service) has roots going
back to 1889, whereas the ILRS and the IVS were founded
shortly before the end of the 20™ century). It is, however,
interesting to note that even the oldest services are today
modern IAG services in the sense mentioned above.

Table 2. Current IAG Services

Service Type Short Name

IERS Geom Int. Earth Rotation and Reference
System Service

IGS Geom Int. GPS Service

ILRS Geom Int. Laser Ranging Service

1vS Geom Int. VLBI Service

BIPM Geom Int. Bureau of Weight and Measures

PSMSL Geom Permanent Service for Mean Sea Level

ICET Grav* Int. Centre for Earth Tides

BGI Grav* Int. Gravimetric Bureau

1GeS Grav* Int. Geoid Service

IBS/- Doc IAG Bibliographic Service

IBS/- Doc Information Service

* = now part of IGFS

There are three types of services, one related to (a)
geometry, one to (b) gravity, and one to (c) documentation
and information. Only the first two types will be further
considered here. The distinctions between the first two
types are in some cases arbitrary. There are, e.g., geometric
and gravity aspects when studying Earth tides (in the case
of the ICET, the International Centre of Earth Tides).

Let us first briefly address the gravity-related services.
An interesting and promising development took place very
recently: The International Gravity Field Service (IGFS),
consisting of

— Bureau Gravimetrique International (BGI)
— International Centre of Earth Tides (ICET)
— International Geoid Service (IGeS) I, in Milano
— International Geoid Service (IGeS) II, at NIMA

571

— International Centre of Global Earth Models
(ICGEM) at GFZ

was created recently to meet the challenges of the decade
of gravity marked by the German research satellite
CHAMP (launched 2000), the U.S./German mission
GRACE (launched 2002), and the European mission
GOCE (to be launched in 2005). It is expected that the
newly created IGFS will play an active role from now on,
comparable to that of the services related to space geod-
esy. The BGI and the ICET are the oldest parts of the new
service.

The BGI, hosted by the French space agency CNES
(Centre National d’Etudes Spatiales), was founded in
1951. The main task of BGI is to collect, on a worldwide
basis, all existing gravity measurements and pertinent
information about the gravity field of the Earth, to com-
pile and store them in a machine readable data base in
order to redistribute them to a large variety of users for
scientific purposes. The data consist of gravimeter obser-
vations, mean or point-by-point free air gravity anoma-
lies, and gravity maps. BGI also has at its disposal grids of
satellite altimetry derived geoid heights from the Geosat,
Topex-Poseidon, ERS1 and ERS2, Jason, and ENVISAT
missions.

The ICET was founded in 1956 to collect all available
measurements on Earth tides. The data are evaluated by
convenient methods in order to reduce the very large
amount of measurements to a limited number of param-
eters which should contain all the desired information.
The data from different instruments and different stations
all over the world are compared and their precision and
accuracy is evaluated. The major objective is to help
solving the basic problem of calibration by organizing
reference stations or realizing calibration devices; to fill
gaps in information and data; to build a data bank
allowing immediate and easy comparison; and to ensure a
broad diffusion of the results and information to all
interested laboratories and individual scientists.

The IGeS was created in 1991 on the occasion of the
IUGG General Assembly in Vienna as an operational
group of the International Geoid Commission of IAG.
The principal objective is to work for the benefit of the
international scientific community in general. Specific
tasks are the collection and distribution of data and
software for geoid computation as well as the performance
of geoid computations in support of national and scientific
objectives. At the IGeS section in Milano, emphasis is laid
on the education and training aspects by organizing
courses (International Schools) and issuing bulletins
describing activities and information available. The 1GeS
branch at NIMA is probably the biggest data generator
and supplier worldwide.

Regarding the geometry-related entities in Table 2, one
should make the distinction between technique-specific
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services and the IERS, which “blends” the results of the
technique-specific services to generate a consistent set of
Earth rotation parameters, a terrestrial and a celestial
reference frame.

The PSMSL was established in 1933. It produces and
analyzes in essence sea level records of hundreds of tide
gauges over long time spans. The PSMSL data set repre-
sents extremely important boundary conditions for global
change analyses. The correct interpretation of the tide
gauge signals is delicate. It is a recent development that
the PSMSL and the IGS work closely together: With the
GPS technique it is possible to describe independently the
vertical motion of the tide gauge observatories.

The role of the BIPM time section (Bureau Interna-
tional de Poids et Mesures) is crystal clear: This section of
BIPM generates and disseminates International Atomic
Time (TAI) and the Coordinated Universal Time (UTC),
where the “power” to introduce leap seconds is with the
IERS. As UTC is derived today from atomic time (TAI)
and no longer from monitoring Earth rotation (or other
astronomical motions), the service is basically physical in
nature. [ts main concern is the combination of more than
200 atomic clocks worldwide. Therefore, there are
important relationships between the BIPM and the 1GS,
because the GPS may be used to transfer time and fre-
quency very accurately and efficiently between the time
laboratories. The BIPM time section is the successor of
the BIH, the Bureau International de I’Heure, which was
created in 1912 to make use of the radio technique to
synchronize clocks worldwide. Physically, the BIH was
located at the Paris Observatory till 1985, when it became
the time section of the BIPM. The BIH played a very
active role in the transition phase from the IPMS to the
IERS (to be discussed below). At that time the BIH did
not only have a time section, but an Earth rotation sec-
tion, as well. The latter branch of the BIH was melted with
the newly established IERS in 1988.

The roots of the IERS go back to the year 1899, when
the ILS, the International Latitude Service, was founded
by the (predecessor of) the IAG. Its name is very appro-
priate: polar motion was derived from latitude observa-
tions performed at (initially) six observatories (Mizusawa
(Japan), Tschardjui (former USSR), Cagliari (Italy),
Gaithersburg (USA), Cincinnati (USA), Ukiah (USA)).
The Central Bureau of the ILS was initially located at the
Geodetic Institute of Potsdam (Director F. R. Helmert,
responsible C.T. Albrecht, then moved to Japan (Mizus-
awa) in 1922 with H. Kimura as director, then to Italy in
1935, to go back to Japan in 1962 with S. Yumi as
director). The foundation of the ILS is clearly an IAG
achievement. With the reorganization of the international
scientific associations after the first world war, in partic-
ular with the creation of the IAU and the IUGG, the ILS
became a service working under the auspices of the two
big Unions. The TAG, now an Association of IUGG, was

de facto responsible for the ILS — together with the TAU.
A serious review of polar motion work took place in the
1950s. It was decided to considerably expand the polar
motion work and that the IPMS, the International Polar
Motion Service, should succeed the ILS with a much ex-
panded mandate (when compared to the ILS). The IPMS
became a service under FAGS and should.

— Advance the study of all problems related to the mo-
tion of the pole

— Collect the astronomical observations which can be
utilized for the determination of this motion

— analyze and synthesize them

— calculate the coordinates of the pole

— distribute the data required

— publish the initial data and obtained results.

This mandate is close in many aspects to the mandate
of the IERS. It is interesting to note, however, that the
celestial and terrestrial reference frames, implicitly needed
for the work of the IPMS, were not explicitly mentioned in
the above list. With the accuracy achievable within the
new service, the celestial frame could be taken from
astronomy (fundamental catalogs) and the (mean) terres-
trial frame from geodesy.

The IPMS Central Bureau stayed in Japan with
K. Yokoyama as director until the service was abolished
by the end of 1987.

It is interesting to note that it was not the IPMS, which
embraced the new space techniques, but that this mandate
was given to the IAU/IUGG joint working group on the
rotation of the Earth in 1978 with G. A. Wilkins as chair
and I. I. Mueller as co-chair. This working group initiated
and conducted the project MERIT (Monitoring Earth
Rotation and Intercomparison of Techniques of obser-
vation and analysis). The BIH was the coordinating center
of the project. All candidate techniques, in particular
optical astrometry, Doppler tracking of satellites, Satellite
and Lunar Laser Ranging (SLR, LLR), and Very Long
Baseline Interferometry (VLBI) were invited to demon-
strate their capabilities for Earth rotation monitoring. A
so-called MERIT Short Campaign was held in 1980, fol-
lowed by the MERIT main campaign from September 1,
1983 to October 31, 1984. The MERIT operations con-
tinued (on a best effort basis) thereafter. Based on the
experiences gained by the MERIT project and on rec-
ommendations made by the project team, the IAU and
IUGG decided to set up the IERS (International Earth
Rotation and Reference Systems Service), which started
operations on January 1, 1988. The mandate of the IERS
is to

— Define and maintain the International Celestial Ref-
erence Frame (ICRF)

— Define and maintain the International Terrestrial
Reference Frame (ITRF)

— Monitor the Earth rotation parameters



— Define the standards, constants, models etc., required
for Earth rotation work.

VLBI, SLR, LLR were the techniques originally consid-
ered by the IERS. It is interesting to learn from Wilkins
(2000) that one option was to consider VLBI as the only
technique to define Earth rotation. This solution would
have been rather close to the original definition of the ILS,
namely to determine polar motion using one technique
only, and to base the service on a small number of
“identical” observatories. In retrospective it was a wise
decision to define the IERS as a multi-technique service.
From our perspective it would have been good to include
astrometry as well. This would have added a completely
independent technique to determine UTI1. Also, the
transfer problem of the celestial reference frame from the
microwave to the optical domain would have been solved
in this way. Be this as it may: The understanding of the
IERS as a multi-technique service made it very easy for
GPS to become acknowledged as an official IERS tech-
nique in the 1990s.

The IGS, International GPS Service was established
in the early 1990s. The IGS planning committee started
working after the TAG Scientific Assembly 1989 in
Edinburgh under the leadership of I.I. Mueller. The
committee wrote and sent out a call for participation for
IGS stations, data centers, analysis centers, and central
bureau, to take part in the IGS test campaign, and
eventually in a future official IGS service. The response
to the call for participation was overwhelming: It
became clear that the IGS network would consist of
dozens of tracking sites distributed worldwide (the cur-
rent network consists of more than 200 stations), of
three global and many regional data centers, and of a
handful of analysis centers. The IGS Central Bureau was
to be located at JPL (Jet Propulsion Laboratory) in
Pasadena. At the IUGG General Assembly in Vienna,
the IGS planning committee was dissolved and the so-
called IGS Campaign Oversight Committee was created
instead, with G. Beutler as chairman. It was the main
purpose of this committee to organize a three-month
IGS test campaign in 1992. The campaign was a great
success. All analysis centers were capable of producing
accurate GPS orbits (at least one order of magnitude
better than the broadcast orbits) and, in addition, pre-
cise station coordinates, high-resolution polar motion
and length of day data. The work of the IGS analysis
center was regularly compared and evaluated by the
analysis coordinator.

The 1992 IGS Test Campaign, scheduled for 21 June—
23 September 1992, was, as a matter of fact, so successful
that it was decided to continue operations on a best effort
basis after the official end of the 1992 campaign in the
framework of a pilot service. The IGS products became
more and more mature, robust, and reliable. It was
therefore only natural that the IAG Executive Committee,
at its meeting in 1993 in Beijing, decided to establish the
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IGS as an official IAG service, with official starting date
on January 1, 1994. It was also decided that the IGS
analysis coordinator, Jan Kouba from Canada, should
not only compare and evaluate the analysis centres’
products, but in addition come up with official IGS
products, which should be based on all individual solu-
tions. This strategic decision was essential to make IGS
products accurate, robust, and clearly understandable for
the wider user community (scientific and commercial). The
oversight committee was replaced by the IGS Governing
Board with G. Beutler as its first chair. Beutler was suc-
ceeded by Prof. Ch. Reigber in 1999, who in turn was
succeeded by Prof. J. Dow in 2003.

The IGS is a truly interdisciplinary service of IAG:
GPS orbits, station coordinates and velocities, time
transfer parameters, global ionosphere models, integrated
water vapor content (for selected ground stations) are
regularly determined by the IGS. This aspect of the IGS is
documented in Beutler (1999). The IGS was (and is)
widely recognized to be a model service of IAG.

The International VLBI Service for Geodesy and
Astrometry (IVS) started its official operations as an IAG
service on March 1, 1999. It is the successor of the CSTG
(International Coordination of Space Techniques for
Geodesy and Geodynamics) subcommission on VLBI,
which is in turn the successor of the so-called IRIS
(International Radio Interferometric Surveying) subcom-
mission of CSTG, established at the IUGG General
Assembly in Hamburg. The IRIS subcommission played
an essential role during the MERIT campaign for dem-
onstrating the power of the new space geodetic techniques
for Earth rotation monitoring and for the establishment of
the celestial and terrestrial reference frames. Today, the
IVS is the service officially recognized by IUGG and TAU
for the definition and maintenance of the celestial refer-
ence frame. Moreover, the (unbiased) determination of
UTI-UTC and of precession and nutation, is performed
by this service. The VLBI technique was developed by
NASA. Today, Japanese and Canadian developments are
of greatest importance in this domain, as well. Exactly like
the IGS, the IVS is a single-technique service. Its terms of
reference and structure are rather similar to those of the
IGS.

The International Laser Ranging Service (ILRS) started
official operations in fall 1998. The ILRS is the successor
of the CSTG subcommission on satellite and lunar laser
ranging, which was established in early 1986 as the
Satellite Laser Ranging subcommission in 1986. Exactly
like the IRIS subcommission, the SLR subcommission
played an important role during the MERIT campaign.
Today, the ILRS analyses define (in essence) the scale and
origin of the ITRF, the IERS terrestrial reference frame.
SLR/LLR can play this role, because atmospheric
refraction may very well be modelled with sub-cm accu-
racy by wusing standard meteorological equipment
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(measuring pressure, temperature, and humidity recorded
at the observing sites). As seen from the IGGOS per-
spective, the ILRS and its contributions calibrate the
microwave observing systems GPS and VLBI. It should be
pointed out in addition that — prior to the launch of the
CHAMP, GRACE, and GOCE missions — our knowledge
of the Earth’s global gravity field was essentially based on
SLR/LLR (early astrometric satellite observations were
also included). The ILRS will also play its role as a cali-
bration technique for the determination of the gravity field
with the dedicated gravity missions. The separation of the
gravitational and non-gravitational forces is based on
accelerometers in the modern spacecrafts, which may be
biased in particular in the low-frequency part of the
spectrum. This separation of gravitational and non-grav-
itational forces was done in a very primitive, but trans-
parent way, in the case of the Laser geodetic satellites (like
LAGEOS 1, II, Starlette) by deploying and observing
cannonball satellites and by minimizing the ratio ‘“‘cross-
section:mass’ of the satellites. The residual non-gravita-
tional forces are therefore very simple to model.

The IGS, IVS, and ILRS operate global networks of
ground stations. The terrestrial part of IGGOS will be
based on these technique-specific networks.

5 Summary

The new structure of TAG and its flagship, IGGOS as
TAG’s firstproject, were reviewed from the perspective of
history. Many aspects of the new IAG remind us of
General Baeyer’s “magnificent experience”, which led in
1862 to the birth of the IAG, the International Associa-
tion of Geodesy.

Exactly like in 1862 the measurement technology, in
our case that of the space geodesy (geometrical and
gravitational), has reached a high level of maturity and
stability. We do not anticipate the advent of revolutionary
new geodetic tools within the next decade (except for the
expected olympic altius, citius, fortius).

The real challenge of the new IAG has to be seen in a
set of mutually consistent gravitational and geometric
products on the level of 107 (one ppb). These products
should be seen as geodesy’s (and IAG’s) contribution to the
wider scientific community and to society in general. IG-
GOS is the metrological basis for all global change research
and for more general questions dealing with mass exchange
in the system Earth consisting of solid Earth, oceans, ice
sheets, and atmosphere. IGGOS must be successful: Only by
a continued monitoring of all geometric and gravimetric
signals of the system Earth we obtain the boundary condi-
tions for meaningful global geodynamic models.

The TAG services played a very important role in the
past for the development of geodesy and geodynamics
(starting from the creation of the ILS in 1899 to the newly

established space geodetic and gravimetric services). The
history of these services (in particular the development
from the ILS to the IPMS and eventually to the IERS) in
the 20th century is fascinating, but also encouraging —
obviously it was possible to monitor the geodetic and
geodynamic aspects of the system Earth with the state of
the art methods for more than a century.

The years since the advent of the space age were years
of research and technological development. The next two
decades will most likely be a time period of modeling and
understanding (of course accompanied by an optimization
of the observational tools) relying on measurement series
of increasing length and precision — made available
through the IAG services. The IGGOS relies on these well
established TAG services to monitor and understand the
system Earth from the geodesist’s perspective.
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TAG on the Internet (http://www.iag-aig.org)

Jézsef Adam and Szabolcs Rozsa
IAG Communication and Outreach Branch

HAS-BUTE Research Group for Physical Geodesy and Geodynamics, Department of Geodesy and Surveying,
Budapest University of Technology and Economics, P.O. Box 91 H-1521 Budapest, Hungary
URL: http://www.iag-aig.org
E-mail (Direct): szrozsa@sci.fgt.bme.hu, jadam@sci.fgt.bme.hu

New Website of the IAG
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The IAG maintains an Internet site, which is a
valuable source of information not only about the
Association itself, but also about its scientific disciplines.
The primary goal of the website is to communicate with
the IAG members, and make information available to

the greater Geosciences community in the world as a
whole.

The first IAG website was created in the middle 1990’s
and it was a well functional website (http://www.gfy.
ku.dk/~iag). It was hosted and operated by the TAG
Central Bureau at the Department of Geophysics,
Copenhagen University, Denmark. This website was
maintained by the IAG Secretary General, Professor Carl
Christian Tscherning and by the IAG Assistant Secretary
General, Ole Baltazar Andersen. The website was struc-
tured in the following sections: IAG General, Publica-
tions, IAG Awards and IAG Fund, Calendar, Meeting
Announcements, Miscellaneous, Bibliographic Services,
and Links to Geoscience Organisations.

Since the maintenance of the IAG website belongs to
the activities of the Communication and Outreach Branch
(COB) established by the new IAG By-Laws, therefore
after the 23rd IUGG/IAG General Assembly (Sapporo,
2003) the website was moved to its new address at
www.iag-aig.org and is maintained by our Webmaster,
Szabolcs Rozsa [szrozsa@sci.fgt.bme.hu]. It is currently
hosted at the Department of Geodesy and Surveying of
the Budapest University of Technology and Economics
(BUTE) with the Research Group for Physical Geodesy
and Geodynamics of the Hungarian Academy of Sciences
(HAS), Budapest, Hungary.

To improve communication about IAG activities and
related informations, the IAG home page has been
re-designed and the website is under upgrading. It will be a
repository of information about IAG history, Meetings,
Activities, Resolutions, Commissions, Publications, Offi-
cers, and more. Links to important Web pages related to
Geodesy, namely
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— TAG sponsored symposia, The new IAG website is also in the English Language.
— TAG Commissions, It has a counter to record statistics (www.nedstatbasic.
— TAG’s’ old Sections net). Up to now (20 October 2003) our new website re-
— IAG Services, ceived 2760 hits.

— Satellite Missions,

— IUGG and Associations, Layout of the website is as follows and the TAG
— TAG Sister Societies, homepage as a picture is attached to this report.

— Geoscience Organisations

can presently be accessed on the new IAG home page.
Links to University and Institute Web pages will also be
added.

IAG Website

| 1AG | | Meetings | | Publications | | Training | | Membership | | Vv i | | Forum I
|Hume ‘ | |General Assemblies I I\AG News | |Shor1 courses | |Informatioﬂ for Members | |Africa |
|Aboul IAG‘ | |Scientiﬂc Assemblies I I\AG Newsletiers | |F'ost-qraduale courses | |Conlacts | |Asia |
|IAG Orqar‘wuzatmn | |Other Meetings | |Gendesusts Handbooks |
Statules a‘nd By-laws

Commissions
Services

Study Groups IAG Scientific Reports
Reports of Institutes
PhD Thesises

North America
South America
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Structure of the International Union of Geodesy and Geophysics (IUGG)
For the period 2003-2007

Bureau International Association of Meteorology
and Atmospheric Sciences

President: Dr. Uri Shamir (Israel) )
Vice President: Dr. Tom Beer (Australia) President: Dr. M. MacCracken (U.S.A.)
Secretary General:  Dr. Jo Ann Joselyn (U.S.A.) Secretary General: Dr. R. List (Canada)
Treasurer: Dr. Aksel Hansen (Denmark)
Bureau Members:  Dr. A. Tealeb (Egypt),

Dr. H. Gupta (India), International Association for the Physical Sciences

Dr. Y.T. Chen (China) of the Ocean
Assistant.Treasurer: Anders Svensson (Denmark) President: Dr. S. Imawaki (Japan)
Past President: Masaru Kono (Japan) Secretary General: Dr. F. Camfield (U.S.A.)
Executive committee International Association of Seismology and Physics
—  The Bureau of the Earth’s Interior
—  The Past president of the Union President: Dr. E.R. Engdahl (U.S.A))

— The presidents of the Associations (listed below): Secretary General: Dr. P. Suhadole (Italy)

International Association of Geodesy International Association of Volcanology
. ) and Chemistry of the Earth’s Interior

President: Dr. G. Beutler (Switzerland) y

Secretary General: Dr. C.C. Tscherning (Denmark) President: Dr. O. Navon (Israel)

Secretary General: Dr. S. McNutt (U.S.A.)

International Association of Geomagnetism

The Secretary Generals of the Associations may at-
and Aeronomy

tend any meeting of the Executive committee of the
President: Dr. C. Barton (Australia) Union in and advisory capacity.
Secretary General: Dr. B. Hultqvist (Sweden)

Finance Committee
International Association of Hydrological Sciences . . .
Chairman: Chair Dr. M. Hamlin (U.K.),

President: Dr. K. Takeuchi (Japan) Members: Dr. D. Jackson (U.S.A.),
President-Elect: Dr. Askew (Switzerland) Dr. B. Kennett (Australia),
Secretary General: Dr. P. Hubert (France) Dr. K. Suyehiro (Japan),

Dr. J. Vilas (Argentina).
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Structure of the International Association of Geodesy for the period 2003-2007

Bureau

President: Gerhard Beutler (Switzerland)
Vice President: Michael Sideris (Canada)
Secretary General: C. C. Tscherning (Denmark)

Executive committee

— The Bureau

— The Past President:

— The Commission Presidents:

— Three Service Representatives.

— President of the Communication and Outreach
Branch.

— Two members at large (geographical coverage)

Commission 1 ( Reference Frames)
President: Herman Drewes (Germany)
Vice-President: C.K. Shum (USA)

Commission 2 (Gravity Field)
President: Christopher Jekeli (USA)
Vice-President: Ilias Tziavos (Greece)

Commission 3 (Earth Rotation and Geodynamics)
President: Veronique Dehant (Belgium)
Vice-President: Mike Bevis (USA)

Commission 4 ( Positioning & Applications)
President: Chris Rizos (Australia)
Vice-President: Pascal Willis (France)

Members at large:
Luiz P. Fortes (Brazil)
Charles Merry (South Africa)

Service representatives:

Ruth Neilan (USA)
Markus Rothacher (Germany)
Harald Schuh (Germany)

President of the Communication and Outreach Branch

J.Adam (Hungary)

Other officers

Editor in Chief of the Journal of Geodesy
W. Featherstone (Australia)

Assistant Secretaries of the Association
Ole Baltazar Andersen (Denmark)

Honorary Presidents:
F. Sanso (Italy) — Past President
K.-P. Schwarz (Canada)
H. Moritz (Austria)
I. I. Mueller (USA)
W. Torge (Germany)

Honorary Secretaries General
M. Louis (France)
C. Boucher (France)

Secretaries on the sections and the other officers may at-
tend any meeting of the Executive Committee of the
Association in an advisory capacity.
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TIAG structure

International Services:

IERS (International Earth Rotation and Reference
Systems Service)
Chair of D. B.: Jan Vondrak (Czech Rep.)
Director of C. B.: Bernd Richter (Germany)

IGS (International GPS Service)
Chair of G. B.: John Dow (Germany)
Director of C. B.: Ruth Neilan (USA)

ILRS (International Laser Ranging Service)
Chairman of G. B.: Werner Gurtner (Switzerland)
Director of C. B.: Michael Pearlman (USA)
Secretary: Carey Noll (USA)

1VS (International VLBI Service for Geodesy
and Astrometry)
Chair of D. B.: W. Schliiter (Germany)
Coordinating C. D.: N. Vandenberg (USA)

IGFS (International Gravity Field Service)
Chair: Rene Forsberg (Denmark)

IDS (International DORIS Service)
Chair of G. B.: G. Tavernier (France)

BGI (International Gravimetric Bureau)
Director: J-P. Barriot (France)

1GeS (International Geoid Service)
President: F.Sanso (Italy)
Director: R.Barzaghi (Italy)

ICET (International Centre for Earth Tides) (Belgium)
Chair of D. B.: Bernard Ducarme (Belgium)

PSMSL (Permanent Service for Mean Sea Level)
Director: P.L. Woodworth (UK)

BIPM (Bureau International de Poids and Measure — time
section)
Director Time Section: E.F. Arias (France)

IBS (IAG Bibliographic Service)
Chair: Annekathrin Korth (Germany)

Commissions:

Commission 1 - Reference Frames

President: H. Drewes (Germany)
Vice President: C.K. Shum (USA)

Sub-Commissions:

SCI1.1:  Coordination of Space Techniques
President: M. Rothacher (Germany)

SC1.2: Global Reference Frames
President: Claude Boucher (France)

SC1.3:  Regional Reference Frames
President: Zuheir Altamimi (France)

SC1.3 a: Europe
Chair: Joao Torres (Portugal)

SC1.3 b: South and Central America
Chair: Luiz Paulo Fortes (Brazil)

SC1.3 c¢: North America
Chair: Michael Craymer (Canada)

SC1.3 d: Africa
Chair: R. Wonnacott (South Africa)

SC1.3 e: Asia-Pacific
Chair: John Manning (Australia)

SC1.3 f: Antarctica
Chair: Reinhard Dietrich (Germany)

SC1.4: Interaction of Celestial and Terrestrial
Reference Frames
President: Shen Yuan Zhu (Germany)

Inter-Commission Projects:

IC-P1.1: Satellite Altimetry
(Joint with Commissions 2 and 3)
Chair: Wolfgang Bosch (Germany)

IC-P1.2: Vertical Reference Frames
(Joint with Commission 2)
Chair: Johannes IThde (Germany)



Inter-Commission Study Groups.

IC-SG1.1: Tonosphere Modelling and Analysis
(Joint with Commission 4 and COSPAR)
Chair: Claudio Brunini (Argentina)

IC-SG1.2: Use of GNSS for Reference Frames
(Joint with Commission 4 and IGS)
Chair: Robert Weber (Austria)

Inter-Commission Working Groups

IC-WG 1: Quality Measures, Quality Control and Quality
Improvement
(Joint with ICCT and Commission 2)
(Description: See ICCT)
Chair: H. Kutterer (Germany)

IC-WGQG2: Integrated theory for Crustal Deformation
(Joint with ICCT and Commission 3)
(Description: See ICCT)

Chair: K. Heki (Japan)

IC-WG@G3: Satellite Gravity Theory
(Joint with ICCT and Commission 2 )
(Description: See ICCT)
Chair: N. Sneeuw (Canada)
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Commission 2 (Gravity Field)

President: Christopher Jekeli (USA)
Vice-President: Ilias Tziavos (Greece)

Sub-Commissions:

SC2.1: Gravimetry and Gravity Networks
President: Shuhei Okubo (Japan)

SC2.2: Spatial and Temporal Gravity Field and Geoid
Modeling
President: Martin Vermeer (Finland)

SC2.3: Dedicated Satellite Gravity Mapping Missions
President: Pieter Visser (The Netherlands)

SC2.4: Regional Geoid Determination
President: Urs Marti (Switzerland)

Commission Projects.

CP2.1: European Gravity and Geoid
Chair: Heiner Denker (Germany)

CP2.2: North American Geoid
Chair: Marc Véronneau (Canada)

CP2.3: African Geoid
Chair: Charles Merry (South Africa)

CP2.4: Antarctic Geoid
Chair: Mirko Scheinert (Germany)

CP2.5: South American Geoid
Chair: Denizar Blitzkow (Brazil)

CP2.6: Southeast Asian Geoid
Chair: Bill Kearsley (Australia)

CP2.7: Gravity in South America
Chair: Maria Cristina Pacino (Argentina)

Study Groups:

SG2.1: Comparison of Absolute Gravimeters
Chair: Leonid Vitushkin (France)

SG2.2: Forward Gravity Field Modeling Using Global
Databases
Chair: Michael Kuhn (Australia)

SG2.3: Satellite altimetry: data quality improvement and

coastal applications
Chair: Cheinway Hwang (Taiwan)

SG2.4: Aerogravimetry and Gradiometry
Chair: Uwe Meyer (Germany)
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Inter-Commission Study Groups.

IC-SG2.5: Aliasing in Gravity Field Modeling
(Joint with ICCT)
Chair: C. Christian Tscherning (Denmark)

IC SG2.6: Multiscale Modeling of the Gravity Field
(Joint with ICCT )
Chair: W. Freeden (Germany)

Inter-Commission Projects:
ICP1.1:  Satellite Altimetry

(Joint with Commission 1 and 3)
(Description: See Commission 1)
Chair: W. Bosch (Germany)

IC-P1.2: Vertical Reference Frames
(Joint with commission 1)
(Description: See Commission 1)

Chair: Johannes Ihde (Germany)

GGP Global Geodynamics Project
(Joint with Commission 3.
(Description: See Commission 1)
Chair: David Crossley (USA)

IC-P3.1:

Inter-Commission Working Groups:

IC-WG 1: Quality Measures, Quality Control and Quality
Improvement
(Joint with ICCT and Commission 1)
(Description: See ICCT)
Chair: H. Kutterer (Germany)

IC-WG3: Satellite Gravity Theory
(Joint with ICCT and Commission 1)
(Description: See ICCT)
Chair: N. Sneeuw (Canada)

Inter-Commission Study Groups.

IC-SG1.1: Tonosphere Modelling and Analysis
(Joint with Commission 4 and COSPAR)
Chair: Claudio Brunini (Argentina)

IC-SG1.2: Use of GNSS for Reference Frames
(Joint with Commission 4 and IGS)
Chair: Robert Weber (Austria)

Inter-Commission Working Groups

IC-WG 1: Quality Measures, Quality Control and Quality
Improvement
(Joint with ICCT and Commission 2)
(Description: See ICCT)
Chair: H. Kutterer (Germany)

IC-WG2:

IC-WG3:

Integrated theory for Crustal Deformation
(Joint with ICCT and Commission 3)
(Description: See ICCT)

Chair: K. Heki (Japan)

Satellite Gravity Theory

(Joint with ICCT and Commission 2)
(Description: See ICCT)

Chair: N. Sneeuw (Canada)



Commission 3 (Earth Rotation and
Geodynamics)

President: Veronique Dehant (Belgium)
Vice-President: Mike Bevis (USA)

Sub-Commissions:

SC3.1:  Earth Tides

President: Gerhard Jentzsch (Germany)

SC3.2:  Crustal Deformation
President: Markku Poutanen (Finland)

SC3.3:  Geophysical Fluids
President: Richard Gross (USA)

Inter Commission Projects:

IC-P1.1: Satellite Altimetry
(Joint with Commission 1 and 2)
(Description: See Commission 1)
Chair: Wolfgang Bosch (Germany)

IC-P3.1: GGP Global Geodynamics Project
(Joint with Commission 2).
Chair: David Crossley (USA)

Inter Commission Working Groups:

IC-WGI: Theory of crustal deformations
(Joint with ICCT and Commission 1)
(Description: See ICCT)

Chair: Kosuke Heki (Japan)
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Commission 4 (Positioning & Applications)

President: Chris Rizos (Australia)
Vice-President: Pascal Willis (France)

Sub-Commissions:

SC4.1: Multi-sensor Systems
President: D. Grejner-Brzezinska (USA)

SC4.2: Applications of Geodesy in Engineering
President: Heribert Kahmen (Austria)

SC4.3: GNSS Measurement of the Atmosphere
President: Susan Skone (Canada)

SC4.4: Applications of Satellite & Airborne Imaging
Systems
President: Xiaoli Ding (Hong Kong)

SC4.5: Next Generation RTK
President: Yang Gao (Canada)

Study Groups:

SG4.1: Pseudolite Applications in Positioning &
Navigation
Chair: Dr. Jinling Wang (Australia)

Inter-Commission Study Groups

IC-SG4.2: Statistics & Geometry in Mixed Integer Linear
Models, with Applications to GPS & InSAR
(Joint with ICCT)
Chair: Athanasios Dermanis (Greece)

IC-SG1.1: Tonospheric Modelling and Analysis
(Joint with Commission 1 & COSPAR)
(Description: See commission 1)

Chair: Claudio Brunini (Argentina)

IC-SG1.2: Use of GNSS for Reference Frames
(Joint with Commission 1)
(Description: See commission 1)
Chair: Robert Weber (Austria)
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Inter-Commission committees:

Inter-commission committee on Theory (ICCT)

President: Peiliang Xu (China)
Vice President: Athanasios Dermanis (Greece)

Working Groups:

WG ICCTI1: Inverse Problems and Global
Optimization
Chair: Juergen Kusche (Germany)

WG-ICCT2: Dynamic Theories of Deformation and
Gravity Fields
Chair: D. Wolf (Germany)

WG-ICCT3: Functional Analysis, Field Theory and
differential Equations
Chair: Jinhai Yu (China)

Inter-Commission Study Groups
IC-SG2.5: Aliasing in gravity field modeling
(Joint with Commission 2)
(Description: See Commission 2)
Chair: C.C. Tscherning (Denmark)

Multiscale Modeling of the Gravity Field
(Joint with Commission 2)

(Description: See Commission 2)

Chair: W. Freeden (Germany)

IC-SG2.6:

IC-SG4.2 Statistics and Geometry in Mixed Integer
Linear Models, with Applications to GPS
and InSAR

(Joint with Commission 4)

(Description: See Commission 4)

Chair: A. Dermanis (Greece)

Inter-Commission Working Groups
IC-WG 1: Quality Measures, Quality Control and
Quality Improvement

(Joint with Commission 1 and 2)
Chair: H. Kutterer (Germany)

IC-WG2: Integrated theory for Crustal Deformation
(Joint with Commission 1 and 3)

Chair: K. Heki (Japan)

IC-WG3: Satellite Gravity Theory
(Joint with Commission 1 and 2)

Chair: N. Sneeuw (Canada)

Inter commission committee on Planetary
Geodesy (ICCPG)

President: David Smith (USA)
Vice President: Georges Balmino (France)

TIAG Projects

Integrated Global Geodesy Observing System
IGGOS)

Chair: Ch. Reigber (Germany)
Secretary: H. Drewes (Germany)

Communication and Outreach

Communication and Outreach Branch

President: Jozsef Adam (Hungary)
Vice President: Szabolcs Rozsa (Hungary)
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International Earth Rotation and Reference Systems Service (IERS)

web: www.iers.org

Chair of the Directing Board: Jan Vondrak (Czech Rep.)
Director of the Central Bureau: Bernd Richter (Germany)

Development

The IERS is a service under the Federation of Astro-
nomical and Geophysical Data Analysis Services (FAGS),
established in 1987 by the International Astronomical
Union and the International Union of Geodesy and
Geophysics. Since 2001, the IERS works in a new orga-
nizational structure; in 2003, the new name of the Service,
without changing its abbreviation, was adopted.

Objectives

The primary objectives of the IERS are to serve the
astronomical, geodetic and geophysical communities by
providing the following:

— The International Celestial Reference System (ICRS)
and its realization, the International Celestial Refer-
ence Frame (ICRF)

— The International Terrestrial Reference System
(ITRS) and its realization, the International Terres-
trial Reference Frame (ITRF)

— Earth orientation parameters required to study earth
orientation variations and to transform between the
ICRF and the ITRF

— Geophysical data to interpret time/space variations in
the ICRF, ITRF or earth orientation parameters, and
model such variations

— Standards, constants and models (i.e., conventions)
encouraging international adherence

Products

IERS collects, archives and distributes products to
satisfy the objectives of a wide range of applications, re-
search and experimentation. These products include the
following:

— International Celestial Reference Frame
— International Terrestrial Reference Frame

— Monthly earth orientation data

— Daily rapid service estimates of near real-time earth
orientation data and their predictions

— Announcements of the differences between astro-
nomical and civil time for time distribution by radio
stations

— Leap second announcements

— Products related to global geophysical fluids such as
mass and angular momentum distribution

— Annual report and technical notes on conventions and
other topics

— Long-term earth orientation information

The accuracies of these products are sufficient to support
current scientific and technical objectives including the
following:

— Fundamental astronomical and geodetic reference
systems

— Monitoring and modeling earth rotation/orientation

— Monitoring and modeling deformations of the solid
earth

— Monitoring mass variations in the geophysical fluids,
including the atmosphere and the hydrosphere

— Artificial satellite orbit determination

— Geophysical and atmospheric research, studies of
dynamical interactions between geophysical fluids and
the solid earth

— Space navigation.

Structure

The TERS accomplishes its mission through the following
components:

— Technique Centers

— Product Centers

— Combination Center(s)
— Analysis Coordinator
— Central Bureau

— Directing Board

—  Working Groups.
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Some of these components (e.g., Technique Centers) may
be autonomous operations, structurally independent from
IERS, but which cooperate with the IERS. A participating
organization may also function as one or several of these
components (except as a Directing Board).

Directing Board

Claude Boucher, Carine Bruyninx, Benjamin F. Chao,
Daniel Gambis, Gernd Gendt, Chopo Ma, Dennis D.
McCarthy, Ron Noomen, Axel Nothnagel, David Pugh,
Bernd Richter (Central Bureau), Markus Rothacher, Bob
Schutz, Peter Shelus, Jean Souchay, Jan Vondrak (Chair),
Pascal Willis, William Wooden, Clark R. Wilson, and
Sheng Yuan Zhu.
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INTERNATIONAL GPS SERVICE

International GPS Service (IGS)

web: igsch.jpl.nasa.gov

Chair of the Governing Board: John Dow (Germany)
Director of the Central Bureau: Ruth Neilan (USA)

Overview

The Global Positioning System (GPS) provides
unprecedented potential for precise ground and space
based positioning, timing and navigation anywhere in the
world. Extremely precise use of GPS, particularly for
Earth Sciences applications, stem largely from activities of
the International GPS Service (IGS). More than 200
organizations in 80 countries contribute daily to the IGS,
which is dependent upon a cooperative global tracking
network of over 350 GPS stations, as counted in October
2003. Data is collected continuously and archived at dis-
tributed Data Centers. Analysis Centers retrieve the data
and produce the most accurate GPS data products
available anywhere. IGS data and data products are made
accessible to users reflecting the organizations’ open data
policy. The IGS is a successful international scientific
federation and a model of international cooperation. IGS
is proud to be a recognized scientific service of the
International Association of Geodesy sincel994 and a
member of the Federation of Astronomical and Geo-
physical Data Analysis Services (FAGS) since 1996.

IGS Mission 2002-2007

The International GPS Service is committed to pro-
viding the highest quality data and products as the stan-
dard for global navigation satellite systems (GNSS) in
support of Earth science research, multidisciplinary
applications, and education. These activities aim to ad-
vance scientific understanding of the Earth system com-
ponents and their interactions, as well as to facilitate other
applications benefiting society.

Long-Term Goals and Objectives

— Provide the highest quality, reliable GNSS data and
products, openly and readily available to all user
communities.

— Promote universal acceptance of IGS products and
conventions as the world standard.

— Continuously innovate by attracting leading-edge
expertise and pursuing challenging projects and ideas.

— Seek and implement new growth opportunities while
responding to changing user needs.

— Sustain and nurture the IGS culture of collegiality,
openness, inclusiveness, and cooperation.

— Maintain a voluntary organization with effective
leadership, governance, and management.

IGS History

A number of factors led to the formation of the IGS. By
the late 1980’s many geodynamics and geodetic organiza-
tions recognized the potential of GPS. GPS was used for
scientific research applications (e.g., earthquake studies,
fault motion, plate tectonics) and many investigators
realized the many benefits of this affordable technology.
The motivating goal for the solid Earth sciences was mil-
limeter level positioning in support of science anywhere in
the world. However, a single civil organization could not
assume the capital investment and recurring operations
costs for such a globally based system. At this point
international groups considered joint partnerships for
collecting data and making observations, developing
cooperative approaches and defining standards to ensure
that the activities would be driven by science requirements.

The idea for an international GPS service began to
crystallize at the 1989 International Association of Geod-
esy (IAG) Scientific Assembly in Edinburgh, UK. It was
here that people recognized that a standardized civilian
system for using GPS would be beneficial to all. Subse-
quently a planning committee was established within IAG
to transform this recognition into action and agreement.

In 1991 a Call for Participation was organized by this
IAG Planning Committee, seeking participants and con-
tributors who would help develop the ‘proof of concept’
for an international service in form of a demonstration
campaign. It requested interested groups to assume the
roles of station operations, networks, data centers, anal-
ysis centers, and a Central Bureau for coordination of the
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activity. The response was overwhelming and the project
was organized by a Campaign Oversight Committee. The
pilot activity took place from June to September 1992 and
was highly successful, demonstrating IGS viability. The
IGS was officially established as an IAG international
service on January 1, 1994.

Products, Achievements and Key Activities

The IGS, as a completely voluntary organization, con-
tinues to operate the global civilian GPS tracking system for
science and research. Since the pilot project in 1992 the
network has grown from approximately 30 permanent GPS
stations to more than 350); and the accuracy of the IGS
orbits has improved an order of magnitude, from 50 cm to
less than 5 cm. The IGS continues developing and
improving traditional products such as orbits, clocks, sta-
tion positions and velocities, as well as fostering projects
and working groups that produce additional data products,
such as precipitable water vapor (PWV) a valuable input
into weather forecasting; and total electron content (TEC)
useful for ionospheric space weather research. IGS projects
and working groups are dependent upon the infrastructure
of the IGS for science applications and include:

A more detailed description of the components, structure
of the IGS and how it works can be found here:
http://igscb.jpl.nasa.gov/overview/pubs.html

in the publication IGS Strategic Plan 2002-2007

Summary

Through the IGS contributing organizations, its 100+
associate members, hundreds of participating scientists
and engineers, and the many respective sponsoring agen-
cies, the IGS operates a collective system that has pro-

IGS Projects Purpose

1GS Clock Products Global sub-nanosecond time
transfer, joint with the Bureau
International des Poids et

Mesures (BIPM)

Low Earth Orbiter
(LEO) Pilot Project

Orbit determination of LEO
satellites that carry onboard-
GPS receivers (CHAMP,
SAC-C, GRACE, Jason, etc.)

International GLONASS
Service Pilot Project
(IGLOS-PP)

Include data from the Russian

GLONASS system into the IGS
processes, producing
GLONASS orbits, clocks,
station positions, etc.

Tide Gauge Benchmark
Monitoring Project

Monitor long-term sea-level
change, attempt to de-couple
crustal motion/subsidence at
coastal sites from their tide
gauge records

IGS Working Groups

IGS Reference Frame
Working Group

Global reference frame, Earth
orientation, station positions
and velocities determined by GPS

Tonospheric Working Tonospheric science research,
Group Global ionospheric maps

Atmospheric Working Water vapor in atmosphere can
Group be estimated from the delay
encountered by the GPS signal,
useful paramenters for weather
forecasting

Real-Time Working Group Investigate methods for IGS
real-time network operations

Global Navigation Determine actions necessary
Satellite Systems (GNSS)  for IGS to incorporate new
GNSS systems, European
Union Galileo system

Address all issues related to data
retreival, access, and archive

Data Center
Working Group

vided geodetic reference data and related products of
enormous benefit to solid earth science research.

IGS Governing Board 2003

Chairman: John M. Dow (Germany)

Norman Beck (Canada)

Gerhard Beutler (Switzerland) Founding Chair
Geoff Blewitt, (USA) IAG Representative

Henno Boomkamp (Germany)

Claude Boucher (France) IERS Representative
Carine Bruyninx (Belgium) IGS Representative to IERS
Mark Caissy (Canada)

Loic Daniel (France)

Remi Ferland (Canada) IGS Reference Frame Coordinator
Gerd Gendt (Germany) Analysis Center Coordinator
Manuel Hernandez-Pajares (Spain)

John Manning (Australia)

Ruth E. Neilan (USA) Director, IGS Central Bureau
Carey Noll (USA)

David Pugh (UK) FAGS Representative

Jim Ray (USA)

Christoph Reigber (Germany) Past Chair

Markus Rothacher (Germany)

Tilo Schoene (Germany)

Ken Senior (USA) IGS Clock Products Coordinator
Robert Serafin (USA)

James Slater (USA)

Robert Weber (Austria)

Peizhen Zhang (China)

James F. Zumberge (USA)

Angelyn Moore (USA) Secretariat, IGS Network
Coordinator
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International Laser Ranging Service

International Laser Ranging Service (ILRS)

web: ilrs.gsfc.nasa.gov

Chairman of the Governing Board: Werner Gurtner (Switzerland)
Director of the Central Bureau: Michael Pearlman (USA)
Secretary: Carey Noll (USA)

Development

For many years, international SLR activities had been
organized under the Satellite and Lunar Laser Ranging
(SLR/LLR) Subcommission of the CSTG. The Subcom-
mission provided a venue for organizing tracking cam-
paigns, adopting data formats, reporting on network status,
and sharing technology. However, membership and com-
mitment to the Subcommission were informal, and the main
focus was on systems and data acquisition rather than on
the production of the most meaningful data products for
end users. With strong encouragement from the President
of the CSTG, the CSTG SLR/LLR Subcommission Steer-
ing Committee undertook the formation of the ILRS. A
draft Terms of Reference, detailing the mission and the
organization of the new service was written and accepted by
the CSTG Executive Board in May 1997. A joint CSTG/
IERS Call for Participation in the new ILRS was issued on
24 January 1998. Institution proposals in response to the
Call were evaluated at a special meeting of the CSTG SLR/
LLR Subcommission Steering Committee and subse-
quently approved by both the CSTG Executive Board and
the IERS Directing Board on 18 April 1998. ILRS approval
was granted to 46 tracking stations, 4 Operations Centers, 3
Analysis Centers, 4 Lunar Analysis Centers, 18 Associate
Analysis Centers, 2 Global Data Centers and 1 Regional
Data Center. The Central Bureau was established at the
NASA Goddard Space Flight Center. Appointments and
elections of Governing Board members were carried out
during the summer of 1998. On 22 September 1998, the
CSTG SLR/LLR Subcommission was officially disbanded,
and replaced by the First ILRS General Assembly, held in
conjunction with the 11th International Workshop on
Laser Ranging in Deggendorf, Germany. The first ILRS
Governing Board meeting was held on 25 September 1998.

Mission

The ILRS collects, merges, analyzes, archives and dis-
tributes Satellite Laser Ranging (SLR) and Lunar Laser
Ranging (LLR) observation data sets of sufficient accu-
racy to satisfy the objectives of a wide range of scientific,

engineering, and operational applications and experi-
mentation. The basic observable is the precise time-of-
flight of an ultrashort laser pulse to and from a retrore-
flector-equipped satellite, corrected for atmospheric delays
and satellite center of mass. These data sets are used by
the ILRS to generate a number of fundamental data
products, including but not limited to:

— Centimeter accuracy satellite ephemeredes

— Earth orientation parameters (polar motion and
length of day)

— Three-dimensional coordinates and velocities of the
ILRS tracking stations

— Time-varying geocenter coordinates

— Static and time-varying coefficients of the Earth’s
gravity field

— Fundamental physical constants

— Lunar ephemeredes and librations

— Lunar orientation parameters

Structure

The ILRS accomplishes its mission through the following
permanent components:

— Tracking Stations and Subnetworks

— Operations Centers

— Global and Regional Data Centers

— Analysis, Lunar Analysis, and Associate Analysis
Centers

— Central Bureau

— Governing Board and Working Groups

Information on these permanent components can be
found in the ILRS website.

ILRS Governing Board 2002

Michael Pearlman, Ex-Officio, Director, Central Bureau
Carey Noll, Ex-Officio, Secretary, Central Bureau
Hermann Drewes, Ex-Officio, CSTG President

Bob Schutz, Appointed, IERS representative to ILRS
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Werner Gurtner, Appointed, Eurolas Network Repre-
sentative

Pippo Bianco, Appointed, Eurolas Network Representa-
tive

Hiroo Kunimori, Appointed, WPLTN Network Repre-
sentative

Ben Greene, Appointed, WPLTN Network Representa-
tive

David Carter, Appointed, NASA Network Representative
Jan McGarry, Appointed, NASA Network Representa-
tive

Ron Noomen, Elected, Analysis Center Representative
Graham Appleby, Elected, Analysis Center Representa-
tive

Wolfgang Seemueller, Elected, Data Center Representa-
tive

Peter Shelus, Elected, LLR Representative

Ulrich Schreiber, Elected, at Large Representative
Georg Kirchner, Elected, at Large Representative

Products

The products of the Analysis, Lunar Analysis, and
Associate Analysis Centers are made available to the sci-
entific community through the two Global Data Centers:

— Crustal Dynamics Data Information System (CDDIS)
at the NASA Goddard Space Flight Center, Green-
belt, MD, USA,

— European Data Center (EDC), Munich, Germany,
and one Regional Data Center

— Shanghai Observatory, Shanghai, PRC.

The accuracy of SLR/LLR data products is sufficient to
support a variety of scientific, engineering, and opera-
tional applications including:

— Realization of global accessibility to and the
improvement of the International Terrestrial Refer-
ence Frame (ITRF)

— Determining the precise location of the geocenter rel-
ative to the global network and its time variations

— Monitoring three-dimensional deformations of the
solid Earth

— Monitoring Earth rotation and polar motion

— Monitoring the static and dynamic components of the
Earth’s gravity field and geoid.

— Supporting, via precise ranging to altimetric satellites,
the monitoring of variations in the topography of the
liquid and solid Earth (ocean circulation, mean sea
level, ice sheet thickness, wave heights, vegetation
canopies, etc.)

— Tidally generated variations in atmospheric mass dis-
tribution

— Calibration and validation of microwave tracking
techniques (e.g., GPS, GLONASS, DORIS, and
PRARE)

— Picosecond global time transfer experiments

— Determination of non-conservative forces acting on
the satellite

— Astrometric observations including determination of
the dynamic equinox, obliquity of the ecliptic, and the
precession constant

— Gravitational and general relativistic studies including
Finstein’s Equivalence Principle, the Robertson-
Walker b parameter, and time rate of change of the
gravitational constant, G

— Lunar physics including the dissipation of rotational
energy, shape of the core-mantle boundary (Love
Number k2), and free librations and stimulating
mechanisms

— Solar System ties to the International Celestial Ref-
erence Frame (ICRF)

Publications

The ILRS Central Bureau maintains a comprehensive
website as the primary vehicle for the distribution of
information within the ILRS community. This site can be
accessed at http://ilrs.gsfc.nasa.gov. Many ILRS and re-
lated publications and reports can now be accessed online
through the ILRS website including:

— ILRS Terms of Reference and Working Group
Charters

— ILRS Annual Reports (first volume published covers
year 1999)

— ILRS General Assembly Minutes and Reports

— ILRS Governing Board Minutes

— ILRS Working Group Minutes and Reports

— ILRS Associates Telephone and Email Directory

— ILRS Organizations and Technical Contacts

— Science and Engineering References and Reports
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International VLBI Service for Geodesy and Astrometry (IVS)

web: ivscc.gsfc.nasa.gov

Chair of Directing Board: W. Schliiter (Germany)
Coordinating Center Director: N. Vandenberg (USA)

Development

The International VLBI Service for Geodesy and
Astrometry (IVS) is an international collaboration of
organizations, which operate or support Very Long
Baseline Interferometry (VLBI) components. IVS was
established in 1999 and became a service of IAG that year.
In 2000 IVS was named a service of the International
Astronomical Union. In 2002 IVS became a member of
the Federation of Astronomical and Geophysical Data
Analysis Services (FAGS). IVS interacts closely with the
International Earth Rotation Service (IERS), which is
tasked by IAU and IUGG with maintaining the interna-
tional celestial and terrestrial reference frames (ICRF and
ITRF).

Mission/Objectives
The objectives of IVS are:

— To provide a service to support geodetic, geophysical,
and astrometric research and operational activities.

— To promote research and development activities in all
aspects of the geodetic and astrometric VLBI tech-
nique.

— To interact with the community of users of VLBI
products and to integrate VLBI into a global Earth
observing system.

To meet these objectives, IVS coordinates VLBI observing
programs, sets performance standards for VLBI stations,
establishes conventions for VLBI data formats and data
products, issues recommendations for VLBI data analysis
software, sets standards for VLBI analysis documenta-
tion, and institutes appropriate VLBI product delivery
methods to ensure suitable product quality and timeliness.
IVS closely coordinates its activities with the astronomical
community because of the dual use of many VLBI facili-
ties and technologies for both astronomy and astrometry/
geodesy.

Products

VLBI data products currently available are

— All components of Earth orientation
— Terrestrial reference frame

—  Celestial reference frame

— Tropospheric parameters

All VLBI data products are archived in IVS Data Centers
and are publicly available.

Structure/Board /| Members

IVS accomplishes its goals through Permanent Com-
ponents. As of 2003 the IVS has:

— 29 Network Stations, acquiring high performance
VLBI data.

— 3 Operation Centers, coordinating activities of Net-
work Stations.

— 6 Correlators, processing acquired data, providing
feedback to stations and providing processed data to
analysts.

— 6 Data Centers, distributing products to users, pro-
viding storage and archiving functions.

— 21 Analysis Centers, analyzing the data and producing
results and products.

— 7 Technology Development Centers, developing new
VLBI technology.

— 1 Coordinating Center, coordinating daily and long-
term activities of IVS.

All together there are 73 Permanent Components, repre-
senting 37 organizations in 17 countries, and “250 indi-
viduals who are Associate Members. The 37 organizations
that support IVS components are IVS Member Organi-
zations. There are also 7 Affiliated Organizations that
cooperate with IVS on issues of common interest but do
not support an IVS component.
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In addition the I'VS has a Directing Board to determine
policies, standards, and goals.

The current IVS Directing Board consists of the fol-
lowing members (alphabetical):
Ed Himwich (USA) Network Coordinator
Kerry Kingham (USA) Operation Centers and Correla-
tors representative
Yasuhiro Koyama (Japan) At Large member
Chopo Ma (USA) IERS representative
Zinovy Malkin (Russia) Analysis Centers and Data Cen-
ters representative
Shigeru Matsuzaka (Japan) Network Stations represen-
tative
Arthur Niell (USA) Technology Development Centers
representative
Axel Nothnagel (Germany) Analysis Coordinator
William Petrachenko (Canada) At Large member

Wolfgang Schliiter (Germany) Network Stations repre-
sentative

Harald Schuh (Austria) IAG representative

Nancy Vandenberg (USA) Coordinating Center Director
Patrick Wallace (UK) TAU representative

Alan Whitney (USA) Technology Coordinator

Publications and Meetings

IVS publishes an Annual Report, a thrice-annual
Newsletter, and Proceedings from its bi-annual General
Meeting. All publications are available from the Coordi-
nating Center and also published on the web site. IVS
holds a General Meeting every two years, a Technical
Operations Workshop every two years, and an Analysis
Workshop every year. Information about all IVS activities
is available at the IVS web site http://ivscc.gsfc.nasa.gov.
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International DORIS Service (IDS)

web: ids.cnes.fr

Chair of Governing Board G. Tavernier (France)

Introduction —  Orbit determination for scientific satellites.

DORIS (Doppler Orbit determination and Radiopo-
sitioning Integrated on Satellite) has been developed by
the Centre National d’Etudes Spatiales (CNES) in con-
junction with the Institut Géographique National (IGN)
and the Groupe de Recherche de Geodesie Spatiale
(GRGS).

The International DORIS Service (IDS) has been offi-
cially started on July 1, 2003 as an IAG Service after the
decision of the IAG Executive Committee at the IUGG
General Assembly in Sapporo.

The IDS mission and products

The primary objective of the IDS is to provide a service
to support, through DORIS data and data products,
geodetic and geophysical research activities.

The IDS collects, archives and distributes DORIS
observation data sets of sufficient accuracy to satisfy the
objectives of a wide range of applications and experi-
mentations. From these data sets the following products
are derived:

— Coordinates and velocities of the IDS tracking sta-
tions.

— Geocenter and scale of the Terrestrial Reference
Frame.

— Tonospheric information.

— High accuracy ephemerides of DORIS satellites.

— Earth rotation parameters.

The accuracies of these products are sufficient to support
current scientific objectives including:

— Realization of global accessibility to and the
improvement of the International Terrestrial Refer-
ence Frame (ITRF).

— Monitoring deformations of the solid earth.

— Monitoring crustal deformation at tide gauges.

— Monitoring variations in the hydrosphere (sea level,
ice-sheets, etc.).

— lonosphere monitoring
Governing Board

Chairman: Gilles Tavernier (CNES)

Analysis Coordinator: Martine Feissel-Vernier
Network’s representative: Hervé Fagard
Member at large: John Ries

Analysis Centers’ representative: Pascal Willis
Data Centers’ representative: Carey Noll

Appointed members
Director of the Central Bureau: Laurent Soudarin
(CLS)
Representative of the IERS: TBD
IAG representative: TBD

Chair of Working Group (non-voting)
Station Selection WG:Frank Lemoine (NASA/GSFC)

IDS Representatives to the IERS:
Analysis Coordinater: Martine Feissel-Vernier
Network representative: Hervé Fagard
IDS representative to the IAG: Gilles Tavernier

The principal roles of the Governing Board (GB) are to set
policy and to exercise broad oversight of all IDS functions
and components. It also controls general activities of the
Service, including restructuring, that would be appropri-
ate to maintain efficiency and reliability, while taking full
advantage of the advances in technology and theory.

Most GB decisions are to be made by consensus or by a
simple majority vote of the members present, provided
that there is a quorum consisting of at least six members
of the GB. In case of lack of a quorum the voting is by e-
mail. Changes in the IDS Terms of Reference and
Chairperson of the GB can only be made by a 2/3 majority
of the members of the GB, i.e., by six or more votes.
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Central Bureau

CLS: Laurent Soudarin, Jean-Jacques Valette
CNES: Gilles Tavernier, Jean-Pierre Granier
IGN: Pascal Willis, Hervé Fagard

The Central Bureau (CB) is the executive arm of the
IDS Governing Board and as such is responsible for the
general management of the IDS consistent with the
directives, policies and priorities set by the Governing
Board.

In this role the CB, within available resources, coor-
dinates IDS activities, facilitates communications, main-
tains documentation, and organizes reports, meetings and
workshops.

The CB actively coordinates with the Working Groups
and committees and ensures the compatibility of IDS and
IERS by interfacing with the IERS. The CB acts as the
outreach office and promotes use of IDS data and prod-
ucts, maintaining and expanding the visibility of the IDS.
To accomplish these tasks the CB works closely with the
independent Analysis Coordinator described above.

The CB supports the Analysis Coordinator in com-
bining the various Analysis Centers products and pro-
viding him with all information necessary to validate the
final combined products.

The CB operates the information system for the IDS
and produces the IDS Annual Reports and directory. The
CB coordinates the publication of other documents re-
quired for the satisfactory planning and day-to-day
operation of the Service, including standards and specifi-
cations regarding the performance, functionality and
configuration requirements of all elements of the Service.

Data Centers

NASA/CDDIS (Carey Noll)
IGN (Edouard Gaulué)

The Data Centers are in direct contact with the CNES,
which provides the DORIS data. They archive the DORIS
data as well as any ancillary information required to
process these data.

Analysis Centers and Analysis Coordinator

The Analysis Centers are committed to provide at least
one of the above IDS products on a regular basis. Their
expertise in DORIS data analysis is a key factor of the
product accuracy.

The Analysis Coordinator assists the Analysis Centers.
The Analysis Coordinator monitors the Analysis Centers
activities to ensure that the IDS objectives are carried out.

Specific expectations include quality control, perfor-
mance evaluation, and continued development of appro-
priate analysis standards. The Analysis Coordinator, with
the assistance of the Central Bureau, is also responsible
for the appropriate combination of the Analysis Centers
products into a single set of products.

Analysis Coordinator: Martine Feissel-Vernier

Contributing Analysis Centers:
CNES (France), : Jean-Paul Berthias
CSR (USA), John Ries
IGN, (France + JPL, USA)Pascal Willis
INASAN, (Russia), S. Tatevian
LEGOS/CLS (France). J.-F. Crétaux
SSALTO (France), Gilles Tavernier

Analysis Centers

ESA/ESOC (Germany), John Dow

Geodetic Observatory Pecny (Czech Republic)
J. Kostelecky

Geoscience (Australia), Ramesh Govind

TAA (Russia), Eleonora Yagudina

Royal Observatory of Belgium (Belgium)
René Warnant

University of Newcastle (UK), Philip Moore

Satellites carrying a DORIS receiver

In July 2003, DORIS data are provided by CNES
(SPOT-2, SPOT-3, SPOT-4, SPOT-5, TOPEX/Poseidon,
Jason) and the European Space Agency (Envisat). Addi-
tional DORIS satellites, such as Cryosat, Jason-2 and Ple
constellation are also foreseen.

Network of Tracking Stations

The IDS network is composed of DORIS permanent
tracking stations located at several host institutions and
maintained by the IGN (56 in total in July 2003, point of
contact: Hervé Fagard).

The network can also include additional DORIS sta-
tions observing during specific campaigns of scientific
interest and selected by the Station Selection Working
Group.
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International Gravity Field Service (IGFS)
web: TBD

Chair: Rene Forsberg (Denmark)

Objectives

IGFS is a unified Service which will take care as far as
possible of data collection, validation, archiving and dis-
semination, as well as software collection, evaluation and
dissemination for the purpose of determining, with vari-
ous degrees of accuracy and resolution, the surface and
gravity potential of the Earth or any of its functionals.
The necessary temporal variations will also be studied.
The determination of such a surface, from both the
physical (geoid) and the geometrical (DTMs) viewpoints,
is part of the field of action of the new Service.

The data include primarily satellite-derived global
models, terrestrial, airborne, satellite and marine gravity
observations, GPS leveling data, digital models of the
terrain, bathymetry, and dynamic height models of the
ocean derived from satellite altimetry. It has to be stated
that the collection, analysis, and reduction of radar alti-
metric data might be the object of other Services within or
outside IAG and therefore it does not belong to IGFS,
although the products of such an analysis (e.g., global SST
models, tidal models, etc.) are indeed of interest to IGFS,
together with their various representations and uses.

The software collected and validated by IGFS includes
but is not limited to: general purpose pre-processing and
validation of data; construction, manipulation and com-
bination of global gravity models; calculus of the gravity
fields of various types of bodies, e.g., the topographic
masses; calculus of the geoid and of related height datums;
calculus of altimetry-derived gravity anomalies; compu-
tation of tidal effects.

Structure

The Service is organized by means of the following
structure:

— Advisory Board,
—  Centres
— Individual members or affiliates.

The Advisory Board is composed of:

— The Directors (or their delegates) of each of the
Centres of IGFS

— The Presidents (or their delegates) of the IAG Com-
missions related to the Service work, as well as a
representative of the IAG E.C.; and

— Two members appointed among the affiliates.

The Advisory Board

— Coordinates the overall scientific strategy of the Ser-
vice in relation to the global IAG strategy

— Coordinates the joint activity of the Centres,

— Suggests the participation of the Service in large
international projects or establishes its own projects,

— Coordinates the participation of affiliates in activities
of the Service and their relation to the Centres,

— Presents to the E.C. proposals for associating new
Centres to the Service.

— Elects the IGFS affiliates upon nomination by one of
the Centres or by three other affiliates.

The Advisory Board is in charge four years between the
TUGG General Assemblies; the old Advisory Board re-
news the affiliates list before the General Assembly; the
new affiliates elect their representatives to the new Advi-
sory Board, which takes over after the General Assembly.

The starting list of Centres and Affiliates of IGFS is
determined according to section 7 (Start up and provisory
rules).

The Advisory Board nominates a President to stay in
charge for four years, as well as one possible representa-
tive to the Executive; the President is then appointed by
the IAG Executive Committee; the eventual representative
to the Executive is appointed by the Council. Further-
more, the Advisory Board elects a Secretary and its rep-
resentatives to other IAG bodies.

The Advisory Board meets at least once a year, also
exploiting all modern communication technology. It
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makes decisions by majority vote; it can also vote by
e-mail.

The Advisory Board reports to the relevant commis-
sions and to the TAG E.C. through its representatives
according to the general IAG bylaws.

IGFS Centres:

Structures that, by exploiting funds, manpower and
resources provided by any national or international entity,
are committed to producing services and products in the
area of gravity field and surface of the Earth research and
to the TAG community at large, adopting rules as specified
in the IAG bylaws.

The Centres are entitled to act within IGFS under the
IAG flag, are determined by the IAG E.C., on request of
the A.B.

The Centres will have their own governing bodies,
nominated according to internal rules, also taking into ac-
count the interests of the supporting entities. In particular,
each governing body will have a responsible person that will
be called Director, elected according to internal rules.

Centres will maintain a list of data and products,
providing them to the general public according to their
policy of dissemination; they will deliver Services in the
form of data archiving and supply, software testing and
availability, training in the use of hardware and software
and data analysis and interpretation, measurement cam-
paigns as well as large computations in the framework of
projects of international relevance. In particular, data
exchange and mutual support between Centres should be
visibly facilitated and pursued as a consequence of the
participation in a unified IAG Service.

IGFS affiliates:

Are individual scientists wishing to contribute to the
Service activities. They are the natural channels relating
national agencies, national research groups and the gen-
eral IAG activities in the area of gravity field and surface
of the earth services.

Affiliates participate in the life of IGFS and in partic-
ular they are informed of new events and ongoing activity
through publications and web news.

Affiliates elect their representatives in the IGFS Advi-
sory Board.

Affiliates are normally attached to the activities of one
specific Centre, although they can participate in more than
one of them.

The association is concretized through data and soft-
ware exchanges, participation of affiliates to the organi-
zation of training courses, reviewing of publications of the
Service, and participation in specific scientific projects of
international relevance.

Relation between IGFS, the Centres and IAG

The IGFS Centres are expected to work on the basis of
some support provided by sources external to IAG. In
addition, already existing Centres have to report to other
scientific structures, external to IAG, because their activ-
ities are wider in scope and interest than those related to
Geodesy. Consequently, we cannot expect that IGFS
Centres will be as a whole depending only on the internal
IAG structures and Executive Committee. For instance,
the Directors of the Centres have to be freely elected
according to internal rules, since the supporters might
require having a voice on that point. The same reasoning
holds for the specific use of funds.

Each Centre has, therefore, to be considered as part of
an TAG Service in that, for all its geodetic activities, it
fully subscribes to the general IAG rules and regulations.
The link of the Centres to IAG is through the Advisory
Board, which is then a full IAG body and, accordingly,
will have for instance a President elected by the Executive.
This structure then provides the necessary flexibility to
allow the Centres to act autonomously for part of their
activities, while providing connection (information, ad-
vice, general rules, etc.) for the part of IAG Service.

The activities of each Centre will be reviewed annually
by the TAG E.C. It is, therefore, mandatory that each
Centre prepare and submit an annual report. IAG reserves
the right to disassociate itself from the a Centre if the
relationship does not prove to be beneficial to both parties.

Data and products of the Centres

IGFS will make a special effort in trying to convince all
national and international institutions holding data on the
gravity field and the surface of the Earth to make them
widely available. It is with pleasure that in the past several
years we observed a positive trend in this direction. Nat-
urally, this does not eliminate the necessity that data and
software be kept at different levels of classification,
according to the will of the source and to the special
agreements with the Centres receiving them. In this re-
spect, each Centre will follow its own regulations although
an effort will be made to make them as uniform as pos-
sible. For instance, software should be available to a
community as large as possible, especially for scientific
projects. All the data actually residing in the Centres will
be handled according to the agreements previously signed.



To be more specific, the products of the new service can
be divided into several categories:

— Validated data, distributed according to their specific
rules.

— Validated software packages and their documentation,
serving specific purposes.

— Support to international or national institutions in
conducting their projects.

— Tutorials to train young scientists and members of
national institutions in the various aspects of the
gravity field activity.

— Dissemination of knowledge through publications.

Publication policy

It is clear that IGFS Centres need a Bulletin as a tool to
provide information to the scientific community at large
on the actual status of the Service, on the archiving of
data, software facilities, schools, etc.

The actual situation is that BGI, 1GeS and ICET have
their own Bulletins. It is the intention of BGI and 1GeS to
unify their Bulletins and have a publication of two issues
per year. As for the content, it is important to keep a
reviewed section in the Bulletin, which allows the publi-
cation of valid technical papers (i.e., good but not neces-
sarily adding any methodological improvement), with
emphasis on relevant recent projects and results. The
ICET Bulletin for the moment will continue as it is,
though it will contribute news and information to the
BGI/IGeS Bulletin.

The problem of electronic publication will be studied
and implemented as soon as possible.

Schools

Among the Services provided by IGFS, there are
tutorials and technical schools. This didactic work has to
have an applied character, and it is important that only
widely acceptable, proven techniques be taught. It is
important as well that all different ideas from various re-
search Centres be represented in both courses and books
of the Service. Particular efforts should be made to bring
the courses to developing countries, as a contribution of
the Service to the diffusion of IAG. There is an opportu-
nity that BGI and ICET could run joint courses, as well as
IGeS and NIMA. Other combinations of tutorials will
also be studied.

Start up centers and provisory rules
The actual list of existing Centers of IGFS is BGI,

IGeS, and ICET. They have expressed, by contributing to
the actual proposal for the creation of the IGFS, their will
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to join the new Service as well as the acceptance of these
rules. The three Directors will then be included in the new
Advisory Board.

Two new Centers have been created, to become part of
IGFS. Second IGeS Centre at NIMA (St. Louis) is
established (contact person: S.Kenyon - ken-
yons@nima.mil), which will cooperate with the IGeS
Centre at PoliMi (Milano), particularly on large conti-
nental projects, with data, expertise and manpower. The
NIMA 1GeS Centre will also provide continuity to the
important project of determining global gravity models
combining terrestrial and satellite observations (EGM
series) and will support the educational 1GeS activities.

Second, a new Centre for Global Gravity Models at
GFZ (Potsdam) is established with the purpose of col-
lecting all existing global gravity models, validating and
distributing them, providing the geodetic community with
the necessary software for their manipulation and use in
different applications (contact person: P. Schwintzer -
psch@gfz-potsdam.de). In addition, this Centre, in
cooperation with BGI, will continue its work on the esti-
mation of combined Global Models (GRIM series) and
will also contribute to the IGeS schools.

In addition contacts are positively going on with the
Faculty of Computing Sciences & Engineering of the De
Montfort University (contact person: Dr. Philippa Berry -
Pamb@dmu.ac.uk) to establish a new center to provide
local and global DTMs.

Implementation

Present status is that a preliminary list of affiliates has
been set up which actually includes:

Barriot, J.Pierre (France), Ducarme, Bernard (Belgium),
Kenyon, Steve (USA), Schwintzer, Peter (Germany),
Berry, Philippa (UK), Blitzkow, Denizar (Brazil),
Denker, Heiner (Germany), Duquenne, Henri (France),
Forsberg, René (Denmark), Featherstone, W.E.
(Australia), Gil, Antonio J. (Spain), Kearsley, W.
(Australia), Lemoine, F. (USA), Marti, Urs
(Switzerland), Merry, Charles (South Africa), Milbert,
Dennis (Australia), Pavlis, N. (USA), Sideris, Michael
(Canada), Smith, Dru (USA), Tscherning, C.C.
(Denmark), Tziavos, 1. (Greece), Veronneau, Marc
(Canada)

with the addition of the Directors of the Centers.

Election is actually in place to appoint the two mem-
bers at large that will seat in the IGFS Advisory Board.
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International Gravimetric Bureau (BGI)
web: bgi.cnes.fr

Director: J-P. Barriot (France)

Objectives and Terms of Reference

The main task of BGI is to collect, on a world-wide
basis, all gravity measurements and pertinent information
about the gravity field of the Earth, to compile them and
store them in a computerized data base in order to
redistribute them on request to a large variety of users for
scientific purposes. The data consists of: gravimeter
observations (mainly location — three co-ordinates, gravity
value, corrections, anomalies...), mean free air gravity
values, gravity maps, reference station descriptions, pub-
lications dealing with the Earth’s gravity field. Other data
types are sometimes used for data validation and geo-
physical analysis, such as satellite altimetry derived geoid
height and gravity anomalies, digital terrain models,
spherical harmonic coefficients of current global geopo-
tential models.

BGI has been developing various algorithms and
software for data validation and analysis, as well as its
own data management system. A large number of services
are offered to the users (see below).

All kinds of gravity data can be sent to BGI, with or
without restrictions of redistribution to be specified by the
contributors, sometimes in the form of a protocol of
usage.

Program of Activities

— Continue publication of the Bulletin d’Information,

— Continue data collection, archiving and distribution:
emphasis will be on those countries which have not, or
seldom, contributed to the BGI data bank. First pri-
ority is then given to careful data evaluation; Land
data and marine data are validated using different
software. Satellite altimetry derived free-air anomalies
are to be more and more frequently used to validate
sea measurements.

— Assist IGGC in setting up the International Absolute
Gravity Data Base Station (IAGBN), and assist in the
intercomparisons of instrument.

— Establish simple procedures for the collection and
archiving of absolute measurements.

— Link with the commission for the Geoid in data
preparation in view of geoid computations and eval-
uations to be performed by the International Service
for the Geoid.

— Assist in promoting satellites techniques to improve
our global knowledge of the Earth’s gravity field: sa-
tellite-to-satellite tracking, satellite gradiometry, etc.

Structure and membership

BGI is one of the offices of the Federation of Astro-
nomical and Geophysical Data Analysis Services (FAGS).
It may also be considered as an executive office of the
International Gravity and Geoid Commission (IGGC).

It has a Directing Board composed of the following
members:

Voting members

— BGI Director: J.P. Barriot (France)
— M. Vermeer (Finland)

— R. Forsberg (Denmark)

— M. Sideris (Canada)

— G. Boedecker (Canada)

— J.E. Faller (USA) to be elected

— E. Groten (Germany) to be elected
— P.P. Medvedev (Russia) to be elected
— S. Takemoto (Japan) to be elected

Non voting members

— L. Robertsson (France)

— B. Richter (Germany)

— M. Becker(Germany)

— Secretary: J. Liard (Canada)

— Secretary: E. Klingele (Switzerland)

Ex-officio:
— IGeS Director: F. Sanso (Italy)
— FAGS representative: P. Paquet (Belgium)



The central office is located in Toulouse, France, in the
premises of the Observatoire Midi-Pyrénées, of which it is
one of the services. The other supporting organizations
are: the Centre National d’Etudes Spatiales, the Bureau de
Recherches Géologiques et Miniéres, the Institut Géo-
graphique National, the Centre National de la Recherche
Scientifique (via the Institut National des Sciences de
I’Univers), the Ecole Supéricure des Géométres et To-
pographes, the Institut de Recherche pour le Développe-
ment, the Service Hydrographique et Océanographique de
la Marine. There exists a covenant between these agencies
to guarantee their support to the BGI.

Address

Bureau Gravimétrique International
18, Avenue Edouard Belin

31401 Toulouse Cedex 4, France
Phone: 33-5 61 33 29 80

Email: Jean-Pierre.Barriot@cnes.fr

BGI Bulletin d’Information

The office issues a Bulletin d’Information twice a year
(generally in June and December). It contains:

— General information in the field of the Bureau itself,
about new available data sets,

— Communications at meetings dealing with gravimetry
(e.g. IGGC meeting).

Every four years, an issue (which may be an additional
one) contains the National Reports of Activities in Gra-
vimetry. The full catalogue of the holdings is issued every
two years. The Bulletin is sent free of charge to individuals
and institutions, which currently provide information and/
or data to the Bureau. In other cases, information and
subscription prices can be obtained on request. There exist
85 issues and about 360 subscribers as of December 1999.

Providing data to BGI

Essential quantities and information for gravity data
submission are:

Position of the site:

— Latitude, longitude (to the best possible accuracy).

— Elevation or depth.

— For land data: elevation of the site (on the physical
surface of the Earth).

— For water stations: water depth.

Measured (observed) gravity, corrected to eliminate the
periodic gravitational effects of the Sun and Moon, and
the instrument drift.
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Reference (base) station (s) used. For each reference
station (a site occupied in the survey where a previously
determined gravity value is available and used to help
establish datum and scale for the survey), give name,
reference station number (if known), brief description of
location of site, and the reference gravity value used for
that station. Give the datum of the reference value;
example: IGSN 71.

Give supplementary elevation data for measurements
made on towers, on upper floor of buildings, inside of
mines or tunnels, atop glacial ice. When applicable,
specify whether gravity value applied to actual measure-
ment site or it has been reduced to the Earth’s physical
surface (surface topography or water surface). Also give
depth of actual measurement site below the water surface
for underwater measurements.

For marine gravity stations, gravity value should be
corrected to eliminate effects of ship motion, or this effect
should be provided and clearly explained.

Services

The most frequent service BGI can provide is data
retrieval over a limited area. Data are sent on diskettes
or printouts or transferred electronically. Data coverage
plots may also be provided, usually over 20° * 20°
areas. Cases of massive data retrieval requests may be
considered; they are studied and may be processed in a
specific way. The simplest way for users is to acquire
the open files of the BGI database, which are on two
CDs.

Other services include:

— Data screening.

— Provision of gravity base station information.
— Data evaluation and gridding.

— Computation of mean values.

— Contouring.

— Supply of, or information on existing maps.

The costs of the services have been established in view of
the categories of users-mostly contributors of measure-
ments and scientists, and also considering the large
amount of our host organizations. The charging policy is
explained in detail in the Bulletin d’Information.

Some of the services may be provided free of charge
upon request, to data contributors, individuals working in
universities, such as students, and generally to any person
who can contribute to the BGI activities on a data or
documentation exchange basis.
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International Geoid Service (I1GeS)

web: www.iges.polimi.it

President: F.Sanso (Italy)
Director: R.Barzaghi (Italy)

Mission / Objectives
The main tasks of 1GeS are

— To collect data referring to the geoid on a worldwide
scale, when possible to validate them and to dissemi-
nate them upon request among the scientific commu-
nity: other auxiliary data can also be collected by
1GeS, when useful for the geoid determination, and
might be made available with the sharp exclusion of
gravity anomalies data.

— To collect, test and, when allowed, to distribute soft-
ware for the geoid determination.

— To conduct researches on the best procedures for the
geoid determination, possibly from different sources
conveniently combined.

— To provide the international community with techni-
cal schools where consolidated techniques of geoid
determination, be demonstrated and students trained
in the use of the relevant software.

— To produce, at least once per year, an IGeS Bulletin
on geoid related matters, which in the next future
should be come in IGFS Bulletin, under the name
Newton’s Bulletin, collecting news and results from
the other IGFS Centers too.

— To disseminate special publications on geoid compu-
tations, e.g. lecture notes of the schools.

The Bulletin has a technical and applied nature and will
not accept papers that could be published on the Inter-
national Journal of Geodesy.

Data and software given to IGeS remain property of
the source, which can dictate the conditions of use and
restrict their distribution. I1GeS itself can indeed perform
geoid computations within different projects, but not in
economic competition with Firms or Public Organizations
institutionally devoted to that.

Products

— SW for handling global models.

—  SW for the local Geoid estimation.

—  SW for the evaluation of different functions of the
Gravity Field.

—  @Grids of Global Geoid.

— Qrids, for specified areas, of local Geoid.

— Documentation of the SW and of the data sources.

— IGeS Bulletin (future Newtons’s Bulletin).

— Lecture notes and special publications.

— International Schools.

Future Programs/Development

Beyond usual activities of 1GeS, the following pro-
grams are worth of specific mention:

— Participation to the International ESA Gradiometric
Mission (GOCE).

— Computation of improved geoids for Italy and the
Mediterranean area.

— Study and possibly first computations for the solution
of the problem of the unification of height datums.

— Study of improved methodologies for the determina-
tion of the geoid at global and local level.

— Organization of International Geoid School, for
which contacts are carried on with Dubai and Bul-
garia. More schools could be organized in the next
period by the two 1GeS Centres.

Structure

The Service is for the moment provided by two Cen-
tres,one at the Politecnico of Milano, and the other at
NIMA (contact person S. Kenyon, kenyons@nima.mil)
and by individual scientists, called advisors.



1GeS is related to TAG, being one of the operative arms
of the International Commission for the Gravity Field and
of the new International Gravity Field Service, operating
within TAG.

The IgeS Milano Centre is supported by Italian
authorities, which nominate upon recommendation of the
IGFS, a President, for its international representation and
a Director for the operative management.

Its structure, tools and activities are illustrated in the
1GeS reports to the Advisory Board of IGFS. In addition
the IgeS advisors are individual members of 1GeS, which
have had an outstanding activity in the field of geoid
determination and also can represent I1GeS in both re-
search and teaching activities.

At present the following distinguished scientists are
1GeS advisors:

R.Forsberg (Denmark)
C.C. Tscherning (Denmark)
M. Sideris (Canada)

C. Kotsakis (Canada)

W. Kearsley (Australia)
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W. Featherstone (Australia)
D. Milbert (USA)

S. Kenyon (USA)

N. Pavlis (USA)

H. Denker (Germany)

P. Schwintzer (Germany)
U Marti (Switzerland)
H. Duquenne (France)
D. Arabelos (Greece)

E. Tziavos (Greece)

A. Jill (Spain)

D. Blitzkow (Brasil)

Finally within the structure of IGeS, Working Groups can
be established for specific purposes, limited in time. At
present a W.G. on Global Gravity Field validation has
been set up with the chair of T. Gruber (thomas.gru-
ber@dlr.de). The purpose of the W.G. is to standardise
the procedures of validation and combination of global
models using data from the forthcoming gravity field
spatial missions and terrestrial measurements. A second
WG has been organized on the computation of the new
European Geoid, chaired by H.Denker (denker@ife.uni-
hannover.de).
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International Center for Earth Tides (ICET)

web: www.astro.oma.be/ICET/

Chair of the Directing Board: Bernard Ducarme (Belgium)

Terms of Reference and objectives

— As World Data Centre C, to collect all available
measurements on Earth tides.

— To evaluate these data by convenient methods of
analysis in order to reduce the very large amount of
measurements to a limited number of parameters
which should contain all the desired and needed geo-
physical information.

— To compare the data from different instruments and
different stations distributed all over the world, eval-
uate their precision and accuracy from the point of
view of internal errors as well as external errors;

— To help solving the basic problem of calibration by
organizing reference stations or realizing calibration
devices.

— To fill gaps in information and data;

— To build a data bank allowing immediate and easy
comparison of earth tides parameters with different
Earth models and other geodetic and geophysical
parameters.

— To ensure a broad diffusion of the results and infor-
mation to all interested laboratories and individual
scientists.

These goals are achieved essentially by the diffusion of
information and software, the data processing, the train-
ing of young scientists and the welcome of visiting scien-
tists.

The recent achievements in modeling the response of
the ““solid” Earth to the tidal potential request to reach an
higher accuracy in tidal observations in order to validate
the competing models. It means instrumental calibration
at the 0.1% level and precise elimination of the oceanic,
atmospheric and hydrologic perturbations affecting the
body tides. These goals can only be reached now in gravity
tides with high precision instruments.

In parallel the interest for tiny geophysical signals still
present in tidal residuals after subtracting the best avail-
able tidal model is increasing. It can be geoscientists trying
to find core modes in continuous gravity registrations
obtained by means of cryogenic gravimeters reaching a

resolution of 0.1 nms—-2 (10-11 g) and stability of the
order of 10 nms—2 (10-9 g) per year. It can be volcanol-
ogists or seismologists looking for premonitory events in
tilt or strain records. These two scientific communities
have in common the fact that they are not yet trained in
tidal data analysis.

As the groups interested by tidal phenomena are al-
ways very small and often only marginally involved in
tidal research and as the papers dealing specifically with
tidal studies are not fitting so well to international jour-
nals, it is still very important to keep a specialized diffu-
sion and information medium. It is the vocation of the
“Bulletin d’Information des Marées Terrestres” (BIM).
ICET is publishing two eighty pages issues per year.

Data from about 360 worldwide tidal gravity stations:
hourly values, main tidal waves obtained by least squares
analyses, residual vectors, oceanic attraction and loading
vectors. The Data Bank contains also data from tiltmeters
and extensometers.

ICET is responsible for the Information System and
Data Center of the Global Geodynamic Project (GGP).

Products

— Tidal Analysis Results (available on web-site or on
request)

— for station displacements.

— gravimeters.

— tiltmeters.

—  strainmeters.

— Dbarometers.

- wells.

— Sofware (e.g. T-Soft, Tidal prediction, ETERNA,
NSV, EDAT,...)

— Journal: Bulletin d’Information des Marées Terrestres
(BIM)

— Bibliography (on web-site)

— Training of Scientists at ICET

— Organization of Summer schools.



Directing Board

Director: B. Ducarme (Belgium)
G. Jentzsch

M. Feissel-Vernier

D. Crossley (USA)

Hsu Hou Tse (China)

T. Baker (UK)
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S. Takemoto (Japan)
H. Schuh (A)
TBD (from South America).

The International Centre for Earth Tides is one of the
Federation of Astronomical and Geophysical Data
Analysis Services (FAGS).
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A<M Permanent Service
A for Mean Sea Level

The Permanent Service for Mean Sea Level (PSMSL)

web: www.pol.ac.uk

Director: Dr. P.L. Woodworth (UK)

Development

Since 1933, the Permanent Service for Mean Sea Level
(PSMSL) has been responsible for the collection, publi-
cation, analysis and interpretation of sea level data from
the global network of tide gauges. It is based at the
Proudman Oceanographic Laboratory (POL) which is a
component of the UK Natural Environment Research
Council (NERC). The PSMSL is a member of the Fed-
eration of Astronomical and Geophysical Data Analysis
Services (FAGS) established by the International Council
of Scientific Unions (ICSU). It is supported by FAGS, the
Intergovernmental Oceanographic Commission (IOC)
and NERC.

Mission/Objectives

The mission of the PSMSL is to provide the commu-
nity with a full Service for the acquisition, analysis and
interpretation of sea level data. Aside from its central role
of operation of the global sea level data bank, the PSMSL
provides advice to tide gauge operators and analysts. It
occupies a central management role in the development of
the Global Sea Level Observing System (GLOSS) and
hosts important international study groups and meetings
on relevant themes.

Products

The database of the PSMSL contains approximately
50,000 station-years of monthly and annual mean values
of sea level from over 1800 tide gauge stations around the
world received from almost 200 national authorities. On
average, approximately 2000 station-years of data are
entered into the database each year. This database is used
extensively throughout the sciences of climate change,
oceanography, geodesy and geology, and is the main
source of information for international study groups such
as the Intergovernmental Panel on Climate Change
(IPCCQ).

Data for all stations are included in the PSMSL
METRIC (or total) data set. The METRIC monthly and

annual means for any one station-year are necessarily
required to be measured to a common datum, although, at
this stage, datum continuity between years is not essential.
The year-to-year datum checks become essential, however,
if the data are subsequently to be included in the PSMSL
’Revised Local Reference (RLR)’ component of the data
set.

The "Revised Local Reference (RLR)’ dataset of the
PSMSL contains records for which time series analysis of
sea level changes can be performed. Long records from
this dataset have been the basis of all analyses of secular
changes in global sea level during the last century. The
geographical distribution of longer RLR records contains
significant geographical bias towards the northern hemi-
sphere, a situation that is being rectified by the establish-
ment of GLOSS.

Structure/Governing Board Members

The PSMSL reports formally to the International
Association for the Physical Sciences of the Ocean (IA-
PSO) Commission on Mean Sea Level and Tides. It is also
served by an Advisory Group, which at present consists of
Dr.R.Neilan (JPL, USA), Dr.G.Mitchum (University of
South Florida, USA), Prof.B.Douglas (University of
Maryland, USA), Dr.R.Warrick (University of Waikato,
New Zealand), Dr.D.Pugh (Southampton Oceanography
Centre, UK) and Dr.Martine Feissel (IGN, Paris,
France).

Point of Contact

Permanent Service for Mean Sea Level
Proudman Oceanographic Laboratory

Joseph Proudman Building

6 Brownlow Street

Liverpool L3 5BX.

Contact: Drs. S. Jevrejeva and S. Holgate
Email: psmsl@pol.ac.uk

Tel: +44 151 791 4800, Fax: +44 151 791 4801
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Bureau International des Poids et Mesures (BIPM) - Time Section
web: www.bipm.fr

Director Time Section: E.F. Arias (France)

Development and Functions

Since 1 January 1988 the Bureau International des
Poids et Mesures (BIPM) is fully responsible for the
maintenance of International Atomic Time (TAI) and of
Coordinated Universal Time (UTC).

The BIPM is in charge of:

— Establishing TAI and UTC (except for the UTC leap
second occurrence and announcement, in charge of
IERS).

— Providing the data making TAI and UTC available in
the standard laboratories.

— Participating to the worldwide coordination for time
comparisons.

Activities and Services

— Time scales

TALI is established on the basis of atomic clock data and
atomic frequency standards from some two hundred
atomic clocks in nearly 60 laboratories or national
centers.

TAI and UTC are made available by the dissemination of
corrections to be applied to the readings of the master
clocks of the participating laboratories. Since January
1998 TAI has been calculated using one-month blocks
of data, instead of two as used previously.

The stability of TAI is about 3 x 10 — 15 for averaging
times of 1 to 2 months. The TAI scale unit differs from
the SI second on the rotating geoid, in values in the
range —5x 10 —15s to +5 x 10 — 15 s during 1999
with an uncertainty of 4 x 10 — 15 s.

In addition to TAI, the BIPM establishes a scientific time
scale TT(BIPM) for applications requiring ultimate
long-term stability. A new version of this time scale,
based on data reprocessing, is available every year and
covers several past years.

— Time comparisons

The activities of the BIPM Time Section are based on
accurate time comparisons between remote clocks,

which are mostly based on the tracking of GPS sat-
ellites. The BIPM organizes these time comparisons by
providing international GPS common-view tracking
schedules and by checking differential calibration of
GPS time receivers. The BIPM treats raw GPS data
according to a unified procedure:

—  Only strict GPS common views are used to minimize
Selective Availability effects.

— The international network figures local stars on con-
tinental distances added to two long-distance links
between the NIST (Boulder, Colorado, USA), the
CRL (Tokyo, Japan) and the OP (Paris, France).

Since July 1999 long-distance links are corrected for
measured ionospheric delays obtained from IGS iono-
spheric maps and for precise satellite ephemerides. The
ultimate uncertainty is of a few nanoseconds for a tracking
duration of 13 minutes.

Publications

— Circular T (monthly): Corrections to the readings of
laboratory clocks to get TAI and UTC. Data on time
comparisons Informations.

— Annual Report of Time Section of BIPM: Methods of
evaluation of TAI. Data on the clocks and time
comparisons. Data from the primary frequency stan-
dards, BIPM results on time scales.

—  Schedules for GPS and GLONASS satellite tracking
(for participating laboratories), issued about twice a
year.

Point of Contact

Bureau International des Poids et Mesures
Pavillon de Breteuil

92312 Sévres Cedex, France

Phone: + 3314507 70 72

Email: tai@bipm.fr

web: www.bipm.fr
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TAG Bibliographic Service (IBS)

web: www.leipzig.ifag.de

Chair: Annekathrin Korth (Germany)

Development

The service is based on the literature database geodesy,
photogrammetry and cartography (GEOPHOKA), which
is maintained by the Bundesamt fiir Kartographie und
Geodisie, Branch office Leipzig. Since 1984 there are
stored literature entries. They cover the whole subject of
geodesy, cartography and photogrammetry and the
neighbouring files. Every year 2500 new entries are in-
cluded into the database.

Objectives

In addition to the Fast Bibliography within the IAG
Newsletter of the Journal of Geodesy the IAG Biblio-
graphic Service serves mainly to inform the geodesists who
are associated in the IAG about current geodetic literature
from all over the world.

For the TAG Bibliographic Service geodetic journals
and other periodicals, publications of research institutes,
manuals and text books as well as congress papers are
analyzed. The documentalists choose such sources for the
service which are relevant to the activities of the Sections,
Commissions, Special Commissions und Special Study
Groups.

These literature sources are available either in the li-
brary of the Bundesamt fiir Kartographie und Geodésie
(BKG)(library symbol F128 or L191) or in the library of
the Deutscher Verein fiir Vermessungswesen (library
symbol B729).

The topicality of the sources recorded in the TAG
Bibliographic Service is dependent on the date of their
arriving at the library of the BKG. German-language lit-
erature und conference proceedings on geodesy are pro-
cessed as a rule within 3 weeks after receipt.

Each literature record contains:

— The bibliographic description of the source according
to the commonly known rules.

— The descriptors in German. They inform about the
content of the recorded source.

— In most cases an abstract, if possible in English. The
abstacts are often taken from the source or are pro-
cessed by the documentalists on the basis of the
summary, the conclusions, or the list of contents of the
source.

If the geodesists need a retrieval covering a longer period
of time (more than a year) they can turn to the BKG,
Branch Office Leipzig. There is a search mask available
directly on the internet for retrival on records.

Point of Contact

Bundesamt fiir Geodisie und Kartographie,
AuBenstelle Leipzig,

Karl-Rothe-Str. 10-14,

Germany

Tel.: (+49 341)5634 0

Fax: (+49 341)5634 415

Web: www.leipzig.ifag.de/cgi-bin/iag.cgi?lang =en
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Commission 1 - Reference Frames
web: iag.dgfi.badw.de

President: Hermann Drewes (Germany)
Vice President: C.K. Shum (USA)

Terms of Reference

Geodetic reference frames are the basis for three-
dimensional, time dependent positioning in global, re-
gional and national networks, cadastre, engineering, pre-
cise navigation, geo-information, geodynamics, sea level
studies, and other geosciences. They are necessary to
consistently estimate unknown parameters using geodetic
observations, e.g., station coordinates, crustal motions,
Earth orientation parameters. Commission 1 is focused on
the scientific research associated with the definition and
realization of global and regional reference frames as well
as the development of analysis and processing methods for
relevant geodetic observations. Different terrestrial and
space-borne measuring techniques shall be investigated
with respect to their strengths and weaknesses for
parameter estimation, their respective precision, accuracy
and reliability. The proper use of these techniques for
geodetic research shall be coordinated and methods for
the combination of heterogeneous measurements shall be
studied and disseminated. The basis for globally unified
reference frames for three-dimensional positioning and
monitoring of motions, horizontal and vertical, over land,
water and ice, shall be provided and disseminated among
the scientific and users community as well as the appro-
priate IAG Services.

Commission 1 is identical with the Sub-commission B2
of the Scientific Commission B of the ICSU Committee on
Space Research (COSPAR).

Objectives

The principal objective of the scientific work of Com-
mission 1 is the basic research on:

—  Definition, establishment, maintenance, and
improvement of geodetic reference frames.

— Advanced development of terrestrial and space
observation techniques for this purpose.

— Analysis and processing methods for parameter esti-
mation related to reference frames.

— Theory and coordination of astrometric observations
for reference frame purposes.

Additional objectives of the Commission are the interna-
tional collaboration:

— For the definition and deployment of networks of
observatories.

— With related scientific organizations, institutions,
agencies, and TAG Services.

Structure

Sub-Commissions:

SCI.1: Coordination of Space Techniques
President: M. Rothacher (Germany)

SC1.2: Global Reference Frames
President: Claude Boucher (France)

SC1.3: Regional Reference Frames
President: Zuheir Altamimi (France)

SC1.3 a: Europe
Chair: Joao Torres (Portugal)

SC1.3 b: South and Central America
Chair: Luiz Paulo Fortes (Brazil)

SC1.3 ¢: North America
Chair: Michael Craymer (Canada)

SC1.3 d: Africa
Chair: R. Wonnacott (South Africa)

SCl.3 e: Asia-Pacific
Chair: John Manning (Australia)

SC1.3 f:  Antarctica
Chair: Reinhard Dietrich (Germany)

SC1.4: Interaction of Celestial and Terrestrial
Reference Frames
President: Shen Yuan Zhu (Germany)
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Inter-Commission Projects:

IC-P1.1: Satellite Altimetry
(Joint with Commissions 2 and 3)
Chair: Wolfgang Bosch (Germany)

IC-P1.2: Vertical Reference Frames
(Joint with Commission 2)
Chair: Johannes IThde (Germany)

Inter-Commission Study Groups:

IC-SG1.1: Tonosphere Modelling and Analysis
(Joint with Commission 4 and COSPAR)
Chair: Claudio Brunini (Argentina)

IC-SG1.2: Use of GNSS for Reference Frames
(Joint with Commission 4 and IGS)
Chair: Robert Weber (Austria)

Inter-Commission Working Groups:

IC-WGI1: Quality Measures, Quality Control and
Quality Improvement
(Joint with ICCT and Commission 2)
(Description: See ICCT)
Chair: H. Kutterer (Germany)

IC-WGQG2: Integrated theory for Crustal Deformation
(Joint with ICCT and Commission 3)
(Description: See ICCT)

Chair: K. Heki (Japan)

IC-WG3: Satellite Gravity Theory
(Joint with ICCT and Commission 2 )
(Description: See ICCT)
Chair: N. Sneeuw (Canada)

Program of Activities

The Commission encourages, initiates and supports
basic research in the field of geodetic reference frames,
exchanges the experiences with the relevant IAG services
and COSPAR entities, and disseminates the results. It
assists in the coordination of geodetic techniques relevant
for reference frames and elaborates concrete methods to
improve its quality and reliability. Regular exchange of
information via internet by e-mails and the Commission’s
homepage shall enhance the contact between various
groups engaged in reference frames research. An annual
bulletin is planned for publishing the results. A close
cooperation will be established with the International
Earth Rotation and Reference Systems Service (IERS), its
Products Centres and Combination Research Centres and
working groups. Emphasis will be laid on the assistance to
individual countries in establishing their national refer-
ence frames.

Steering Committee

President: Hermann Drewes (Germany)
Vice President: C.K. Shum (USA)
President SC1.1: Markus Rothacher (Germany)
President SC1.2: Claude Boucher (France)
President SC1.3: Zuheir Altamimi (France)
President SC1.4: Shen Yuan Zhu (Germany)
Representatives of IERS/IDS/IGS/ILRS/IVS:
Werner Gurtner (Switzerland)
Chopo Ma (USA)
John Ries (USA)
Members at large:
John Manning (Australia)
Richard Wonnacott (South Africa)



Sub-Commission

SC 1.1 - Coordination of Space Techniques
President: Markus Rothacher (Germany)

Terms of Reference

The space geodetic observation techniques, including
Very Long Baseline Interferometry (VLBI), Satellite and
Lunar Laser Ranging (SLR/LLR), Global Navigation
Satellite Systems (GNSS) such as GPS, GLONASS, and
in future GALILEO, the French DORIS, as well as
altimetry, InSAR, and the gravity missions, contribute
significantly to the knowledge about and the under-
standing of the three major pillars of geodesy: the Earth’s
geometry (point coordinates and deformation), Earth
orientation and rotation, and the gravity field as well as its
time variations. These three fields interact in various ways
and they all contribute to the description of processes in
the Earth System. Each of the space geodetic techniques
contributes in a different and unique way to these three
pillars and, therefore, their contributions should be com-
bined into a consistent Integrated Global Geodetic
Observing System (IGGOS), the project of the IAG.

Sub-Commission 1.1 coordinates efforts that are com-
mon to more than one space geodetic technique, such as
models, standards and formats. It shall study combination
methods and approaches concerning links between tech-
niques co-located at fundamental sites, links between
techniques co-located onboard satellites, common mod-
elling and parameterisation standards, and perform anal-
yses from the combination of a single parameter type up
to a rigorous combination on the normal equation (or
variance-covariance matrices) and even the observation
level. The list of interesting parameters includes site
coordinates (e.g. time series of combined solutions), Earth
orientation parameters, satellite orbits (combined orbits
from SLR, GPS, DORIS, altimetry), atmospheric refrac-
tion (troposphere and ionosphere), gravity field coeffi-
cients, geocenter coordinates, etc. One important goal of
SC1.1 will be the development of a much better under-
standing of the interactions between the parameters
describing geometry, Earth rotation, and the gravity field
as well as the study of methods to validate the combina-
tion results, e.g., by comparing them with independent
geophysical information.

To the extent possible SC1.1 should also encourage
research groups to develop new observation techniques
connecting or complementing the existing set of mea-
surements.

Sub-Commission 1.1 has the task to coordinate the
activities in the field of the space geodetic techniques in
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close cooperation with all the IAG Services, especially
with the IERS and its Working Group on Combination,
and with COSPAR.

Objectives

The principal objectives of the scientific work of Sub-
Commission 1.1 are the following:

— Study systematic effects of or between space geodetic
techniques.

— Develop common modelling standards and processing
strategies.

— Comparison and combination of orbits derived from
different space geodetic techniques together with the
IGS LEO Working Group.

— Explore and develop innovative combination aspects
such as, e.g., GPS and VLBI measurements based on
the same high-accuracy clock, VLBI observations to
GNSS satellites, combination of atmospheric infor-
mation (troposphere and ionosphere) of more than
one technique, etc.

— Establish methods to validate the combination results
(e.g., with global geophysical fluids data).

— Explore, theoretically and practically, the interactions
between the gravity field parameters, EOPs, and ref-
erence frames (site coordinates and velocities), im-
prove the consistency between these parameter
groups, and assess, how a correct combination could
be performed.

—  Study combination aspects of GPS and InSAR.

Additional objectives of Sub-Commission 1.1 are:

— Promotion of international scientific cooperation.

— Coordination of common efforts of the space geodetic
techniques concerning standards and formats (to-
gether with the IERS).

— Organization of workshops and sessions at meetings
to promote research.

— Establish bridges and common activities between
SC1.1 and the IAG Services.

Links to Services

Sub-Commission 1.1 will establish close links to the
relevant services for reference frames, namely Interna-
tional Earth Rotation and Reference Systems Service
(IERS), International GPS Service (IGS), International
Laser Ranging Service (ILRS), International VLBI Ser-
vice for Geodesy and Astrometry (IVS), and International
DORIS Service (IDS).
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Working Groups

WG 1.1.1: Comparison and combination of precise orbits
derived from different space geodetic techniques
(joint with the IGS LEO WQG)

This working group is taking over the role of the former
CSTG Sub-commission on Precise Orbit Determination
(POD) of Low Earth Orbiting (LEO) Satellites. It will
work closely together with the IGS LEO Working Group,
but will have a broader research field not focussing on
GPS, but on the interplay between different tracking
techniques. The main topics of the WG will be:

— Comparison and combination of satellite orbits de-
rived from various tracking techniques, including
SLR, DORIS, GPS, altimetry, K-band links, CCD,
and possible future observation techniques. Satellite
orbits ranging from LEOs up to geostationary satel-
lites (GEOs) should be considered.

— Assessment of systematic errors between different or-
bit types and observation techniques.

— Study of improved force models and POD strategies
based on the combination of techniques.

WG 1.1.2: Interaction and consistency between terrestrial
reference frame, Earth rotation, and gravity field (joint
with Commission 2, Commission 3, and IGGOS)

This working group has to be a joint working group to-
gether with Commission 2, Commission 3, and IGGOS.
Its main research topics are:

— Study the theoretical and practical interactions/rela-
tionships between parameters and models describing

the Terrestrial Reference Frame (TRF), Earth rota-
tion, and the gravity field (e.g., low degree harmonics
of the gravity field, Love numbers...).

— Assess and study the consistency between products of
these three fields.

— Investigate methods and techniques to combine
geometry, Earth rotation, and gravity field parameters
(e.g., by including LEO satellites into global solu-
tions).

WG 1.1.3: Comparison and combination of atmospheric
information derived from different space geodetic tech-
niques
(Joint with IGS Troposphere WG, IGS Ionosphere
WG, and 1VS)

The task of this working group shall be the comparison
and the combination of information about the atmosphere
derived from different space geodetic techniques such as
GPS, VLBI, InSAR, altimetry, etc. A very close cooper-
ation with the IAG services, especially the IGS and the
IVS are essential. Major research topics are:

— Investigate differences between tropospheric delay
parameters estimated by different techniques; assess
systematic biases between techniques and the accuracy
of each individual technique; consider ways to com-
bine and validate the information of different tech-
niques.

— Study the accuracy of global or regional ionosphere
maps or simple delays derived from different tech-
niques; assess systematic biases; compare, combine,
and validate results.



Sub-Commission
SC 1.2 - Global Reference Frames

President: Claude Boucher (France)

Terms of Reference

Sub-Commission 1.2 is engaged in scientific research
and practical aspects of the global reference frames.
It investigates the requirements for the definition and
realization of the terrestrial reference frame, addresses
fundamental issues of multi-technique global geodetic
observatories (local ties, site effects...) and studies
methods and approaches for the combined processing
of heterogeneous observation data. The work will be
done in close cooperation with the International Earth
Rotation and Reference Systems Service (IERS),
in particular with the ITRS Product Centre and the
IERS Combination Research Centres (CRC), the other
relevant TAG services (IGS, ILRS, IVS, IDS), and the
IAG Project “Integrated Global Geodetic Observing
System (IGGOS)”. Theoretical aspects (e.g., quality
measures, relativistic modelling) will be investigated in
cooperation with the Inter-Commission Committee on
Theory.

Objectives

The following research topics will form the fundamental
objectives during the next period:

— Definition of the global terrestrial reference frame
(origin, scale and orientation, time evolution, stan-
dards, conventions, models);

— Fundamentals of the realization of the global terres-
trial reference frame (e.g., co-location problems: local
ties; datum problems: coordinates origin, geo-centre;
time evolution: linear and non-linear velocities, time
series approach; long-term consistency with EOPs and
ICRF);

— Analysis of strengths, weaknesses and systematic dif-
ferences (biases) of individual techniques (VLBI, SLR,
GPS, DORIS) and their contribution to specific TRF
parameters;

— Combination methodology of individual techniques’
solutions and analysis of the underlying models,
parameters datum definitions etc.;

— Definition of common standards and models for all
techniques.

— Practical implementation of the concept of Global
Geodetic Observatories.

— Propagation of the ITRS/ITRF to national and
international organizations.
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Program of Activities

A Web site and mailing system will be established for a
better exchange of information with regard to the men-
tioned objectives and with the respective components of
the TERS, other services and the scientific community.

The necessity of the use of the ITRF as the reference
frames for any kind of precise global positioning using
space techniques shall be propagated among geodesy, other
geosciences and society in general. It will also investigate
the opportunity to formally adopt ITRF as primary reali-
zation of a common Earth fixed, Earth centred system in all
applications: geodesy, surveying, mapping, navigation,
geomatics etc. and clarify its relation with systems such as
WGS84. Adequate activities have to be developed.

Links to Services

Sub-Commission 1.2 will closely be linked to the relevant
services, in particular to the International Earth Rotation
and Reference Systems Service (IERS), but also to the
International GPS Service (IGS), International Laser
Ranging Service (ILRS), International VLBI Service for
Geodesy and Astrometry (IVS), and International DORIS
Service (IDS).

Membership
President: Claude Boucher (France)
Working Groups

WG 1.2.1: Datum Definition of Global Terrestrial Refer-
ence Frames

(Joint with IERS and ICCT)
Chair: Geoffrey Blewitt (USA)

The Working Group is to deliver recommendations, in
particular to the IERS, on possible datum definitions of
Global Terrestrial Reference Frames (GTRFs) with the
goal of improving the relevance, stability, quality, and
understanding of GTRFs for various potential user
groups. The principal objectives are:

— To assist the IERS Analysis Coordinator and ITRS
Combination Centres by providing recommendations
on datum conventions for future realizations of ITRF.

— To assist the ICCT in drafting conventional defini-
tions of technical terms that refer to the various pos-
sible components of GTRFs.

— To identify the needs of potential user groups of
GTRFs and address issues of datum definition that
might benefit those groups.
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— To compile a short summary document that references
all recent published journal articles (not just those of
the WGQG) relevant to datum definition of GTREFs,
including a summary of the findings, conclusions, and
significance of each paper, and to keep such a docu-
ment updated as a reference document to assist re-
search and informed discussion.

— To study the different types of possible reference sys-
tem definitions that might be important for different
research fields (sea level, geoid, deformation, Earth
orientation...) and for what measurements they are
important.

— To assess the uncertainties and quality of the various
realizations, how they are affected by geophysical
processes, and how the effect of these processes can be
modelled in time and space to allow a refined reali-
zation of the frames.

— To assess how a stable and consistent reference frame
can be realized over decades with the limited number
of stations and observations.

— To study datum definition in a relativistic framework,
in particular in view of the CRS/TRS transformation.

— To study the impact of IAU non-rotating origin on
TRS, if any.

WG 1.2.2: Global Geodetic Observatories
(Joint with IERS)

Chair: Jim Long (USA)

Global geodetic observatories play a fundamental role
in the installation of the global reference frame. They
establish the connection between different techniques and
provide the basis for the realization of the unique datum.

The reliability of global geodetic observatories, in
particular of the local ties between different techniques’
observing instruments, shall be investigated in view of the
fundamental importance for the inter-technique analysis
and combination. The co-location strategies will be
investigated, as well as all aspect of local site survey
measurement, processing and reporting. The group will in
particular provide any guideline to be implemented in the
IERS activities, as well as Technique Services.

WG 1.2.3: Integrated Theory for Crustal Deformation and
Reference Frames
(Joint with Commission 3 and ICCT)

Chair: Kosuke Heki (Japan)

The effect of short-term crustal deformations, e.g., due
to loading effects, on the reference frame parameters
(heights, velocities, etc.) is important for the definition and
realization of global reference frames: To which standard
atmospheric pressure refer the coordinates (in particular
the heights)? Have non-linear velocities (e.g., periodical)
to be estimated?

(Detailed program description see in Inter-Commission
Committee on Theory)



Sub-Commission

SC 1.3 - Regional Reference Frames
President: Zuheir Altamimi (France)

Terms of Reference

Sub-Commission 1.3 is concerned with definitions and
realizations of regional reference frames and their con-
nection to (and the densification of) the global Interna-
tional Terrestrial Reference Frame (ITRF). It offers a
home for service-like activities addressing theoretical and
technical key common issues of interest to regional or-
ganisations.

Objectives

In addition to specific objectives of each regional sub-
commission, the main objectives of SC1.3 as a whole are:

— Develop specifications for the definition and realiza-
tion of regional reference frames, including vertical
datums, with full interaction with the Inter-Commis-
sion Project ICP 1.2 on Vertical Reference Frames.

— Develop and promote operation of GPS permanent
stations, in connection with IGS whenever appropri-
ate, to be the basis for the long-term maintenance of
regional reference frames.

— Coordinate activities of the regional sub-commissions
focusing on exchange and share of competences and
results.

— Encourage and stimulate the emerging development of
the AFREF project with close cooperation with IGS.

— Encourage and assist, within each regional sub-com-
mission, countries to re-define and modernize their
national geodetic systems, compatible with the ITRF.

Program of Activities
— Organize inter-regional workshop(s) addressing

activities, results and key issues of common interest to
the regional sub-commissions.
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— Develop analysis strategies and compare methods for
the implementation of the regional reference frames
and their expression in the ITRF, with full interaction
with the IGS.

— Consider establishing regional dense velocity fields
for, primarily, the long-term maintenance of the re-
gional reference frames.

— Contribute at regional levels to the improvement of
local surveys in the collocation sites, with full coop-
eration with the Sub-commission 1.2 Global Refer-
ence Frames.

Links to Services

The regional reference frame activities are tied into the
various TAG services through provision of data from
individual sites to:

— International Earth Rotation and Reference Systems
Service (IERS)

— International GPS Service (IGS)

— International Laser Ranging Service (ILRS)

— International VLBI Service for Geodesy and
Astrometry (IVS)

— International DORIS Service (IDS)

Membership

President: Zuheir Altamimi (France)

SC1.3a Chair: Joao Agria Torres (Portugal)

SC1.3b Chair: Luiz Paulo Fortes (Brazil)

SC1.3¢ Co-Chairs: Michael Craymer (Canada), Richard
Snay (USA)

SC1.3d Chair: Richard Wonnacott (South Africa)

SC1.3e Chair: John Manning (Australia)

SC1.3f Chair: Reinhard Dietrich (Germany)

Working Groups

WG 1.3.1: Inter-regional Technical Working Group

The main task of this WG is to develop harmonized
and possibly common specifications for the regional ref-
erence frames implementation and ITRF densification.
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Sub-Commission

SC 1.3a - Europe (EUREF)
Chair: Joao Torres (Portugal)

Terms of Reference

EUREF, the Regional Reference Frame Sub-commis-
sion for Europe, deals with the definition, realization and
maintenance of the European Reference Frame, focusing
on both the spatial and the vertical components, in close
cooperation with the pertinent IAG components (Services,
Commissions, and Inter-commission projects) and Euro-
Geographics, the consortium of the National Mapping
Agencies (NMA) in Europe.

Program of Activities

— Continue to develop the EUREF Permanent Network
(EPN) in close cooperation with IGS, for the main-
tenance of the European Reference Frame, as a con-
tribution to the ITRF and as infrastructure to support
other relevant projects, namely the European initia-
tives related with GALILEO.

— Extend the Unified European Levelling Network
(UELN) and prepare it to be computed under a ge-
okinematic approach.

— Implement the project European Combined Geodetic
Network (ECGN) and investigate the discrepancies
already identified in the combination of the EUVN
(European United Vertical Network) results and the
gravimetric geoid (project EUVN_DA), in close
cooperation with IAG Commission 2.

— Establish a dense velocity field model in Europe for
the long-term maintenance of the European reference
frame.

— Consider the contribution to the IAG Project IGGOS
(Integrated Global Geodetic Observing System) using
the installed infra-structures managed by the EUREF
members.

— Promote the adoption of the reference systems defined
by EUREF (ETRS89-European Terrestrial Reference
System and EVRS2000-European Vertical Reference
System) in the European countries and European-wide
organizations involved in geo-referencing activities.

— Organize annual symposia addressing activities car-
ried out at national and European-wide level related
with the global work and objectives of EUREF.

Membership

Chair: Joao Torres (Portugal)

Secretary: Helmut Hornik (Germany)

Representatives from European IAG member countries
Technical Working Group (TWG) members elected by the
plenary Members in charge of special projects and
ex-officio members.



Sub-Commission

SC 1.3b - South and Central America
(SIRGAS)

Chair: Luiz Paulo Fortes (Brazil)

Terms of reference

Sub-commission 1.3b (South and Central America)
encompasses the activities developed by the “Geocentric
Reference System for the Americas™ project (SIRGAS).
As such, it is concerned with the definition and realization
of a unified reference frame for South and Central
America, consistent with ITRF, besides promoting the
definition and establishment of a unique vertical reference
system in this region.

Objectives

The aims and objectives of the Sub-commission 1.3b are:

— To define, realize and maintain a geocentric reference
system for South and Central America consistent with
ITRF;

— To establish a geocentric datum, promoting the con-
nection of the national geodetic networks to it;

— To promote the definition and establishment of a
unique vertical reference system for this region;

— To facilitate the connection of pre-existing networks;

— To promote and coordinate the efforts of each country
to achieve the defined objectives.

Program of Activities

The SIRGAS 2000 GPS campaign was carried out
from May 10 to 19, 2000, in order to support the com-
putation of a velocity field for South America and the
activities of SIRGAS WG3. In total, 184 stations were
established in the Americas, whose coordinates were
computed and are available on the project website (http://
www.ibge.gov.br/sirgas). The next project activities are:
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— To conclude the determination of the velocity field for
South America, based on independent computations
using collocation and finite elements

— To carry out spirit leveling of the SIRGAS 2000 sta-
tions

— To connect the classical vertical networks between
neighboring countries

— To compute geopotential numbers for stations of the
national vertical networks

— To collaborate with the determination of the sea sur-
face topography

— To contribute to the determination of a unified quasi-
geoid for the region

Membership

Chair: Luiz Paulo Fortes (Brazil)

Vice-Chair: Eduardo Lauria (Argentina)
Chair WG1.3b.1: the SIRGAS WG] President
Chair WG1.3b.2: the SIRGAS WGQG?2 President
Chair WG1.3b.3: Laura Sanchez (Colombia)

Working Groups

WG 1.3b.1: Geocentric Reference Frame
WG 1.3b.2: Geocentric Datum
WG 1.3b.3: Vertical Datum
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Sub-Commission

SC 1.3c - North America (NAREF)

Chair: Michael Craymer (Canada)
Co-chair: Richard Snay (USA)

Terms of Reference

To provide international focus and cooperation for
issues involving the horizontal, vertical, and three-
dimensional geodetic control networks of North America,
including Central America, the Caribbean and Greenland
(Denmark). For more information, see www.naref.org.

Objectives

In collaboration with the IAG community, its service
organisations and the national geodetic organizations of
North America, the aims and objectives of this regional
sub-commission are to provide international focus and
cooperation for issues involving the horizontal, vertical
and three dimensional geodetic control networks of North
America. Some of these issues include:

— Densification of the ITRF reference frame in North
America and the promotion of its use;

— Maintenance and future evolution of vertical datums
(ellipsoidal and orthometric), including the North
American Vertical Datum of 1888 (NAVDSS) and the
International Great Lakes Datum (IGLD);

— Collocation of different measurement techniques, such
as GPS, VLBI, SLR, DORIS, tide gauges, etc.;

— Effects of crustal motion, including post-glacial re-
bound and tectonic motions along, e.g., the western
coast of North America and in the Caribbean;

— Standards for the accuracy of geodetic positions;

— Outreach to the general public through focused sym-
posia, articles, workshops and lectures, and technol-
ogy transfer to other groups.

Membership

Chair: Michael Craymer (Canada)

Co-chair: Richard Snay (USA)

Members: Per Knudsen (Denmark), TBD (Mexico), TBD
(Caribbean)

Working Groups

WG 1.3c.1: North American Reference Frame (NAREF)
Chair: Michael Craymer

Members: B. Donahue (Canada), H. Dragert (Canada),
C. Huot (Canada), M. Piraszewski (Canada), F.B. Mad-
sen (Denmark), M. Cline (USA), B. Dillinger (USA), P.
Fang (USA). R. Snay (USA), R. Ferland (Canada, IGS
Representative)

To densify the ITRF reference frame in the North
American region by organizing the computation of weekly
coordinate solutions and associated accuracy information
for continuously operating GPS stations that are not part
of the current IGS global network. A cumulative solution
of coordinate and velocities will also be determined on a
weekly basis. The working group will organize, collect,
analyse and combine solutions from individual agencies,
and archive and disseminate the weekly and cumulative
solutions.

WG 1.3c.2: Stable North American Reference Frame
(SNARF)

Chair: Geoff Blewitt
Members: M. Craymer (Canada), Mitrovica (Canada),
D. Argus (USA), R. Bennet (USA), J. Davis (USA),
T. Dixon (USA), T. Herring (USA), D. Lavalleee (USA),
M. Miller (USA), W. Prescott (USA), R. Snay (USA),
F. H. Webb (USA)

To establish a high-accuracy standard reference frame,
including velocity models, procedures and transforma-
tions, tied to a “‘stable North America” which would serve
the broad scientific and geomatics communities by pro-
viding a consistent, mm-accuracy, stable reference with
which scientific and geomatics results (e.g., positioning in
tectonically active areas) can be produced and compared.

WG 1.3c.3: Reference Frame Transformations, Chair: Mi-
chael Craymer

Chair: Michael Craymer
Members: R. Ferland (Canada, IGS Representative),
R. Snay (USA), T. Soler (USA)

To determine consistent relationships between inter-
national, regional and national reference frames/datums,
to maintain (update) these relationships as needed and to
provide tools for implementing these relationships.



Sub-Commission

SC 1.3d - Africa (AFREF)
Chair: Richard Wonnacott (South Africa)

Terms of reference

Sub-commission 1.3d (Africa) is concerned with defi-
nition and realization of a unified continental reference
frame (AFREF) for Africa which will be consistent and
homogeneous with the global International Terrestrial
Reference Frame (ITRF).

Objectives

In collaboration with the IAG community and its ser-
vices organisations and the National and Regional Map-
ping Organisations of Africa, the aims and objectives of
Sub-commission 1.3d (Africa) are:

— To define the continental reference system of Africa.
Establish and maintain a unified geodetic reference
network as the fundamental basis for the national 3-d
reference networks fully consistent and homogeneous
with the global reference frame of the ITRF;

— To realize a unified vertical datum and support efforts
to establish a precise African geoid, in concert with the
African Geoid project activities;

— To establish continuous, permanent GPS stations such
that each nation or each user has free access to, and is
at most 500 km from, such stations;

— To provide a sustainable development environment
for technology transfer, so that these activities will
enhance the national networks, and numerous appli-
cations, with readily available technology;
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— To understand the necessary geodetic requirements of
participating national and international agencies and;

— To assist in establishing in-country expertise for
implementation, operations, processing and analyses
of modern geodetic techniques, primarily GPS.

Program of Activities

It is envisaged that regionalization of AFREF will
follow an approach that consists of three major phases:

— The establishment of a framework of permanent or
semi-permanent GPS base stations throughout the
region that will become part of the worldwide IGS
network of stations.

— The densification of the network of permanent or
semi-permanent base stations, largely on a country-
by-country basis, to determine the relationship be-
tween the national geodetic system and the ITRS, and
to refine the transformation parameters necessary to
relate the national systems to a common ITRF.

— The third and equally important phase of the project
will be to address the development of a more refined
geoid model for Africa and the definition of a com-
mon vertical datum for the continent. This will be
done in collaboration with the IAG Africa Geoid
Project (Project 2.3 Commission 2).

It is further planned to hold workshops and seminars to
strengthen the science and knowledge of geodesy and
GNSS within Africa and their application to the devel-
opment of reference frames.

Membership

Chair: Richard Wonnacott (South Africa)
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Sub-Commission

SC 1.3e - Asia and the Pacific
Chair: John Manning (Australia)

Terms of Reference

To provide a regional focus for cooperation in the
definition, realisation and densification of the Interna-
tional Terrestrial Reference frame (ITRF). This activity
will be carried out in close collaboration with the Regional
Geodesy Working Group of the Permanent Committee
for GIS Infrastructure in Asia and the Pacific which
operates under the purview of the United Nations Re-
gional Cartographic Conference for Asia and the Pacific
(UNRCC-AP).

Objectives

The objectives of the Sub-commissionl.3e are:

— The densification of the ITRF and promotion of its
use in the connection and enhancement of national
networks;

— To promote the development of a regional vertical
reference datum system

— To develop a better understanding of tectonic motions
and plate boundaries within the region

— The development of an improved geoid by enhance-
ment of the data from the regional gravity network
and global gravity models

— Collocation of different measurement techniques, such
as GPS, VLBI, SLR, DORIS, tide gauges, and
maintenance of precise local geodetic ties at these sites.

— To outreach to developing countries through sympo-
sia, workshops, training courses, and technology
transfer.

— Encourage the establishment of further continuous
GPS base stations ,(accurately) positioned within
ITRF, with data available both locally and to IGS.

Program of Activities

The activities of this sub commission will principally be
carried out by the members of national surveying and
mapping organisations through the PCGIAP Regional
Geodesy Working Group and through the scientific
members of the Asia Pacific Space Geodynamics Project
(APSGQG).

In order to densify the ITRF reference frame in the
Asia Pacific Region an annual geodetic observation cam-
paign will be held each year to provide an opportunity to
connect to national geodetic networks and to determine
site velocities. These campaigns include several geodetic
techniques:

— SLR, through cooperation with ILRS and WPLTN,
— VLBI, through APSG,
—  GPS through PCGIAP.

Computations are undertaken in several countries from a
common data set, which includes data from weekly epoch
occupations, and continuously operation GPS which are
not contributing to the IGS network. Only selected sta-
tions from the massive Japanese network are included.

The combination of results is being developed in the
region and a PCGIAP workshop on Regional Geodesy
will be held each year to strengthen regional cooperation,
to discuss and analyse results of the geodetic campaigns,
and to promote technology transfer.

Membership

Chair: John Manning (Australia)

Members of the Regional Geodesy Working Group of the
Permanent Committee for GIS Infrastructure in Asia and
the Pacific (PCGIAP)

Members of the Asia Pacific Space Geodynamics project
(APSG)



Sub-Commission

SC 1.3f - Antarctica (SCAR)
Chair: Reinhard Dietrich (Germany)

Terms of reference

Sub-commission 1.3f (Antarctica) is focusing on the
definition and realization of an unified reference frame for
Antarctica which will be consistent with the global Inter-
national Terrestrial Reference Frame (ITRF). It will
establish close links to corresponding activities within the
Scientific Committee on Antarctic Research (SCAR).

Objectives

— Maintenance and densification of the precise geodetic
reference network in Antarctica by permanent obser-
vations and GPS campaigns;

— Realization of an unified vertical datum including
GPS ties of tide gauges;

— Providing unified reference for other GPS applications
like airborne gravimetry, ground truthing for satellite
missions, geodynamics and glaciology;
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— Develop technologies for remote geodetic observato-
ries.

Program of Activities

— Organization of GPS campaigns in Antarctica, main-
tenance of the data archive.

— Data analysis and determination of the Antarctic GPS
network as a regional densification of ITRF.

— Support airborne surveys and satellite missions with
precise terrestrial reference.

— Organize meetings and workshops on Antarctic
geodesy Joint with related SCAR activities in order to
strengthen the international cooperation and to make
optimum use of field logistics and infrastructure.

Membership

Chair: Reinhard Dietrich (Germany)

Membership and structure of SC1.3f is yet to be finalized
in close collaboration with the SCAR program GIANT
(Geodetic Infrastructure for Antarctica).
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Sub-Commission

SC 1.4 - Interaction of Celestial
and Terrestrial Reference Frames

President: Shen Yuan Zhu (Germany)
Terms of Reference

All of the high precision techniques in geodesy make
use of a quasi-inertial reference frame. Radio source
positions of VLBI must be in a barycentric quasi-inertial
celestial reference frame, the orbits of satellites can be
modelled easily in a geocentric inertial reference frame
only, while laser gyroscopes measure the rotation vector
with respect to a topocentric inertial reference frame. All
these realizations of a celestial reference frame are slightly
different; on the other hand, there is only one transfor-
mation between a celestial and the conventional terrestrial
reference frame, established by the adopted precession and
nutation model of the ITERS Conventions and the EOP
series of the terrestrial frame. Thus, systematic errors are
induced in the terrestrial frames (and/or their EOP series)
as realized by different techniques.

Objectives

The major objective of the Sub-commission is the study
of the interaction of the celestial reference frame and the
terrestrial reference frame. Observing data link the ter-
restrial stations with the celestial sources or the satellites.
Any error in the former will affect the latter, and vise
versa. In order to remove or reduce systematic errors in
the final products, we must begin from the celestial
frames. At first we have clearly to understand their theo-
retical definitions and the relation (transformation) be-
tween their different realizations. This includes

— Resolutions of the XXIVth TAU General Assembly
concerning the revision of the reference systems. The
numerical implementation of these resolutions re-
quires some approximations. What kind of approxi-
mation is suitable for a given accuracy requirement?
Resolution B1.4 (post-Newtonian parametrization)
must be worked out before being translated into
computer software.

— Standards: In the observation equations a lot of con-
stants, “corrections” or “disturbing” models will be
involved. In geodesy there are two important stan-
dards: IERS Conventions and IAG Fundamental
Parameters. We must study whether they are consis-
tent with each other. If not (completely), how will they
influence the reference frame and the products? The
Sub-commission will cooperate with the “Inter-com-
mission Committee on Geodetic Standards™. If this
Committee recommends any change or improvement

of the Standards, its effect on the realization of ref-
erence frames has to be studied.

— Modelling: There are uncertainties in each model and/

or constant (except the defined ones). But their effects
depend on many factors which may cause special
systematic errors, e.g. the height of the satellites (dif-
ferent gravity and drag perturbations), the wavelength
of the tracking techniques (different ionospheric and
tropospheric effects); one-way or two-way tracking
(two clocks or one clock), phase centre (electronic or
mechanic). The study of the effects of model errors for
each individual case, and search the way to remove or
reduce them is a long term objective of the Sub-com-
mission.

— Algorithms: There are complications when different

software uses different standards instead of the inter-
nationally agreed ones. Each s/w adopts its own
solution strategy and procedure (least-squares or
iterative, one-step or two-step, etc.). The solved for
parameters may also be different and might absorb
certain random and even systematic errors. In order to
understand the effects of these differences, the Sub-
commission needs a close cooperation and assistance
from the Services and Analysis Centres.

— Datum: In VLBI one cannot solve source positions
and station coordinates completely unconstrained.
Any condition for station coordinates (or baselines
etc.) is a kind of datum definition. This datum prob-
lem affects the realized celestial as well as the terres-
trial reference frame. Similarly, for satellite techniques
it is impossible to solve orbits, stations, EOP
(including UT1), nutations completely unconstrained.
One must at least fix UT1 and a nutation value at one
epoch and fix the precession constant. All these imply
a certain datum definition the effects of which have to
be studied.

Links to Services

There will be a close cooperation with the International
Earth Rotation and Reference Systems’ Service (IERS)
and the International VLBI Service, but also with the
International Laser Ranging Service (ILRS) and Inter-
national GPS Service (IGS).

Membership
President: Shen Yuan Zhu (Germany)
Working Groups

WG 1.4.1: Theoretical Aspects of the Celestial Reference
System
The effects of the new IAU definitions, the relation
between barycentric system (as realized by VLBI) and the
geocentric system shall be studied. The celestial and the
terrestrial ephemeris origin replaced in 2003 the vernal



equinox and the traditional first axis of the terrestrial
intermediate frame. Consequently, the earth rotation an-
gle replaced the apparent sidereal time. The Earth orien-
tation parameters consisting of the difference between
UTC and UT, the polar motion parameters, and the
nutation residuals, connect the CRF and the TRF. That
makes it possible to represent each of these frames by the
other one plus the earth orientation parameters. A change
or error in one of the two frames must therefore be
compensated by a corresponding change in the other
frame and/or the earth orientation parameters, and any
error in the orientation parameters must be reflected by a
change in at least one of the two reference frames.

WG 1.4.2: Realization of Celestial Reference Frames (CRF
and Transformations)

To achieve further progress regarding the realization of
celestial reference frames it is essential to review the cur-
rent status, to identify deficiencies and to make proposals
for improvements. This task is closely related to various
components of the IERS (e.g., ICRF PC, CRCs) and the
techniques centres (IVS, ILRS, IGS, IDS), and requires a
close cooperation between the different groups. The
working group shall focus on all space geodetic techniques
contributing to the CRF realization, i.e., VLBI to realize a
barycentric CRF, satellite methods to realize a dynamic
reference frame, and optical methods (future astrometry
missions). The activities shall include the survey of the
current status of CRF realization, a review regarding the
implementation of IERS Conventions and IAG Funda-
mental Parameters and different space techniques for CRF
realization.

WG 1.4.3: Systematic Effects in the CRF Determination

It is well-known that the accuracy achieved today is
mainly limited by technique- and/or solution-related sys-
tematic biases (effects), which are often poorly character-
ized or quantified. This issue should be addressed
regarding the determination of the celestial reference
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frame. The WG shall ensure a close cooperation between
other relevant groups (e.g., ICRF PC, IVS, ILRS, IGS,
IDS). The tasks include the definition of pilot projects
regarding CRF determination, CRF computations by
different groups with different software, identification and
description of inconsistencies (systematic effects, refined
models).

WG 1.4.4: Interaction Between Celestial and Terrestrial
Reference Frames

A major goal of this WG is to investigate the interac-
tion between the celestial and terrestrial reference frame
and the transformation between both (precession, nuta-
tion, EOP), and to improve the consistency between
ICRF, ITRF and EOP. The WG should ensure a close
relation with various components of the IERS (Analysis
Coordinator, CRCs, combination centres, product cen-
tres, etc.) and with the GGFC. Two different fields shall be
addressed, the mathematical and the physical consistency
between ICRF, ITRF and EOPs. The first item is the
major goal of the IERS combination research centres. The
WG should focus on the second aspect. The major tasks
include the effect of errors in the CRF on the terrestrial
reference frame and other related products, and vise versa,
the realization of the NNR-condition for the ITRF (e.g.
deformations) and its interaction with EOP determina-
tion, comparison with geophysical models, and the inter-
action with the gravity field.

WG 1.4.5: Satellite Gravity Theory
(Joint with Commission 2 and ICCT)

Satellites are mainly observed from stations with
coordinates given in the terrestrial reference frame. Their
orbits, however, have to be computed (integrated) in an
inertial system. The adequate realization of the celestial
inertial system in satellite dynamics shall be studied.

(Detailed program description see in Inter-Commission
Committee on Theory)
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Inter-Commission Project

IC-P 1.1 - Satellite Altimetry

(Joint with Commissions 2 and 3)
Chair: Wolfgang Bosch (Germany)

Terms of Reference

Satellite Altimetry has evolved to an operational re-
mote sensing technique with important interdisciplinary
applications to many geosciences. For geodesy, the po-
tential operational, precise and near global mapping and
monitoring of the Earth surface is of particular impor-
tance. The construction of high-resolution global mean
sea surface and potentially its variability will help to
globally unify height reference systems. Altimetry con-
tributes to essential improvements of the Earth gravity
field. Even with the new dedicated gravity field missions
CHAMP, GRACE and GOCE, satellite altimetry will
be needed for the determination of the high resolution
gravity field. Mapping and monitoring of seasonal and
secular changes of the mean sea level helps to under-
stand fundamental processes of the System Earth: the
ocean water mass redistribution, one component of the
global hydrological cycle, has impact to the Earth cen-
ter-of-gravity, to Earth rotation by the ocean angular
momentum functions, the temporal variations of the
Earth gravity field, as well as studies of sea level rise
and its impact on environment. The multiple application
suggests that satellite altimetry will become a core ele-
ment of a global observing system. This includes, but is
not limited to, the following scientific and organisational
aspects:

— the combination of multiple altimeter mission data
with different space-time sampling and the adap-
tion and cross calibration of new technologies like
laser altimetry (GLAS on ICESat), interferometric
altimetry (Cryosat), delay-doppler altimetry (pro-
posed by ABYSS), wide swath-altimetry (pro-
posed on Jason-2), and potentially airborne and
spcacborne LIDARs. A reliable vertical reference
system for altimetry is one of the most crucial pre-
requisite.

— a coordination among space agengies, processing
centres, data providers, value-adding entities and the
users together with a scientific feedback to ensure data
and product quality and improvements for orbits and
geophysical parameters. A scientific service appears to
provide a most convenient platform.

The interdisciplinary relevance of satellite altimetry with

overlaps between research areas of various IAG commis-

sions justify to establish the project as a joint project of

commissions 1, 2, and 3.

Objectives

The primary objective of the joined commission project
is to identify the scientific requirements to ensure a long and
precise time series of utmost consistent altimeter observa-
tions with up-to-date geophysical corrections, consolidated
geocentric reference and long-term stability. It has to be
elaborated, how satellite altimetry is going to contribute to a
global observing system, how the data of different missions
is to be harmonized and how fast updates of orbits and
geophysical parameters can be achieved in order to support
scientific and operational applications. More specific, it is
required to obtain precise knowledge about the inherent
vertical reference system of altimetry and the long-term
stability of the altimeter sensors itself, and of auxillary
sensors (radiometer). It is also envisioned that this project
will provide a forum to foster innovative ideas for research
and applications of satellite altimetry relevant to strength-
ening of the realisation of vertical component of the ITRF
and to diverse areas of geosciences.

Program of Activities

— To study the contribution of satellite altimetry to the
realisation and stability of the vertical component of
the ITRF implied by precise orbit determination,
geocenter variations, miscentering of reference frame,
as well as long-term performance of altimeter - and
auxillary sensors.

— To investigate by an interdisciplinary working group
the rationale, feasibility and scope of an International
Altimeter Service in order to serve scientific and
operational applications of satellite altimetry. The
group shall strive for a broad support by other sci-
entific entities.

Links to Services

There will be installed links in particular to the Inter-
national Earth Rotation and Reference Systems’ Service
(IERS), the International Gravity Field Service (IGFS)
and the Permanent Service for Mean Sea Level (PSMSL).

Membership

Chair: Wolfgang Bosch (Germany)

Representative of Commission 1: C.K. Shum (USA)

Representative of Commission 2: Martin Vermeer
(Finland)

Representative of Commission 3: Richard Gross (USA)

Working Groups

WG-ICP 1.1.1: Rationale, Feasibility and Scope of an
International Altimeter Service

WG-ICP 1.1.2: Reference System and Long-term Stability
of Satellite Altimetry



Inter-Commission Project

IC-P 1.2 - Vertical Reference Frames

(Joint with Commission 2)
Chair: Johannes Thde (Germany)
Terms of Reference

The Earth’s surface may be characterized by its
geometry and the potential of the Earth gravity field.
The determination of heights includes both of these
aspects, the geometric part and the geopotential part.
Presently, space geodetic techniques allow an accuracy
in geometric positioning of about 10-9 in global and
continental scales. Gravity field parameters, including
the physical height components, can at present be
determined only 2 to 3 orders of magnitude less accu-
rate than the geometric parameters. Moreover, the
current height reference frames around the world differ
in their vertical datum (e.g., the mean sea-level at the
fundamental tide gauges) and in the theoretical foun-
dations of the height systems. There is no global height
reference system defined and realized like the Interna-
tional Terrestrial Reference System (ITRS). A consid-
erable progress in the definition and realization of a
global vertical reference system will be attained from the
data of the new gravity field missions. Based on the
classical and modern observations, the Project on Ver-
tical Reference Frames shall study the consistent mod-
eling of both, geometric and gravimetric parameters,
and provide the fundamentals for the installation of a
unified global vertical reference frame.
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Objectives

— To elaborate a proposal for the definition and reali-
zation of a global vertical reference system (World
Height System — WHS );

— To derive transformation parameters between regional
vertical reference frames;

— To establish an information system describing the
various regional vertical reference frames and their
relation to a world height frame (WHF).

Program of Activities

— Harmonization of globally used height data sets;

— Study of combination procedures of height data sets
from different techniques;

— Study of information on regional vertical systems and
their relations to a global vertical reference system for
practical applications;

— Unification of regional (continental) height systems.

Membership

Chair: Johannes Thde (Germany)

Members: Alireza A. Ardalan (Iran), Carine Bruyninx
(Belgium), Milan Bursa (Czech Republic), Tonie van Dam
(Luxemburg), Gleb Demianov (Russia), Will Feather-
stone (Australia), Christopher Jekeli (USA), Adolfientje
Kasenda (Australia), Bill Kearsley (Australia), Roland
Klees (Netherlands), Gunter Liebsch (Germany), Markku
Poutanen (Finland), Laura Sanchez (Colombia), Tilo
Schone (Germany), Steve Shipman (UK), Jaroslav Simek
(Czech Republic)
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Inter-Commission Study Group

IC-SG 1.1 - Ionosphere Modelling and Analysis
(Joint with Commission 4, IGS and COSPAR)

Chair: Claudio Brunini (Argentina)
Vice Chair: Susan Skone (Canada)

Terms of Reference

As a result of many years of research the climatology of
the ionosphere is today quite well known. However,
variations of the solar activity and emissions of plasma
from the solar corona change the conditions of the Sun-
Earth environment and can dramatically disturb the ion-
osphere mean conditions.

The development of sophisticated high technological
systems for navigation, telecommunication, space mis-
sions, etc., created the need of predicting the meteoro-
logical conditions of the space around the Earth, giving
rise to a branch of knowledge that today is called space
weather.

Disruptions of the ionosphere caused by massive solar
flares can interfere with or even destroy communication
systems, Earth satellites and power grids on Earth. A
stringent application of ionosphere models would be to
provide real-time corrections and integrity information for
aircraft navigation and precision approach.

Ionosphere models are important for many space
geodesy observing techniques to correct the delay caused
by the ionosphere on the propagation of electromagnetic
wave, typical applications being single frequency GPS and
GLONASS positioning or real time ambiguity resolution.

The Earth’s ionosphere has been studied for more than
one hundred years using different observational tech-
niques. A large contribution to the knowledge of the
bottom-side ionosphere was done by a global network of
100-200 vertical incidence ionosondes, that started oper-
ation during the International Geophysical Year 1957-
1958. Incoherent backscatter radars were used after 1958
to extend the exploration of the ionosphere to its topside.
In 1957 the space age began enabling topside ionosondes
onboard satellites, observations of Faraday rotation on
trans-ionosphere signals emitted by geostationary satel-
lites, Doppler method with rockets and satellites and in
situ techniques aboard spacecrafts.

Using large data bases of classical observations cover-
ing different geographical regions and different solar and
geomagnetic conditions, several empirical ionosphere
models were established. Among them, the International
Reference Tonosphere (IRI) is probably the most widely

used. IRI is continuously revised and updated through
international cooperative effort of different type spon-
sored by the Working Group created by the Committee on
Space Research (COSPAR) and the Union of Radio Sci-
ences (URSI).

Today ground-based and space-based GPS observa-
tions, and in a less extent observations of other space
geodetic dual-frequency observing techniques, e.g., sa-
tellite altimetry, bring an unprecedented opportunity for
ionosphere studies and may well revolutionize science and
technology of the ionosphere meteorology. They provide
high quality ionosphere information, with global cover-
age, simultaneity and time continuity and are easy and
free available for ionosphere scientists.

Objectives

A first valuable step toward exploiting the GPS
potentiality for ionosphere studies was already done by
the IGS in 1998 creating the Ionosphere Working Group.
In the framework of this group, five centres are computing
and making accessible on a regular basis several GPS-
derived ionosphere products, mainly two-dimensional
worldwide grids of vertical total electron content.

We believe that the efforts to maintain a regular service
for processing GPS data to form VTEC maps should be
continued, but we are convinced that the effort should be
pursued to fully exploit such amount of high quality data
and to maximize the benefits for the scientific community.

Therefore, we propose the creation of a study group on
Tonosphere Modelling and Analyses, in co-operation with
IGS and possibly with COSPAR, to support the already
existing Ionosphere Working Groups.

The principal objectives of the Study Group may be
summarized as follows:

— To establish a scientific link between geodetic and
aeronomy experts in order to maximize the benefit of
the ionosphere information provided by geodesy.

— To analyse the ionosphere products derived from GPS
and other space techniques and to explore the better
use for scientific and practical purposes.

— To study possible improvements of the existing
products.

— To propose new products that could be obtained from
ionosphere information of GPS and other space
techniques.

Program of Activities

An effective two-way link between geodesists and aer-
onomy physicists will play a key role for both, improving
the rather simple physical ionosphere models — either



deterministic or stochastic — that are currently used by
geodesists, and interpreting the physical phenomena that
take place in the complex environment configured by the
ionosphere and the Earth magnetic field, under the action
of the solar electromagnetic radiation and the solar wind,
imbedded in the interplanetary magnetic field.

The planned activities of the Study group are in the
first year are the collection and validation of existing
physical ionosphere models. They shall then be repre-
sented by different methods, e.g., spherical harmonics and
wavelets.

The models shall be compared with geodetic observa-
tions represented in similar models. The effects on geo-
detic observables and parameters (reference frames and
positions) shall be studied.

Links to Services

The Study Group shall be linked to the corresponding
working groups in the IGS and COSPAR.
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Membership

Chair: Claudio Brunini (Argentina)
Vice Chair: Susan Skone (Canada)

Members:

Dieter Belitza (USA),
Norbert Jakowski (Germany),
Reinhard Leitinger (Austria),
Sandro Radicella (Italy),
Chris Rizos (Australia),
Stefan Schaer (Switzerland),
Michael Schmidt (Germany),



626

Inter-Commission Study Group

ICSG 1.2 - Use of GNSS for Reference Frames
(Joint with Commission 4 and IGS)

Chair: Robert Weber (Austria)

Terms of Reference

Up to now the operating satellite navigation systems
GPS and GLONASS allow a huge user community an
easy access to reference frames very close to the most re-
cent realization of the ITRS. The IAG Services IERS
(International Earth Rotation and Reference Systems
Service) and IGS (International GPS Service) provide the
necessary products to tie these frames to the ITRF, which
is based upon a set of estimated coordinates and velocities
of stable stations observed by all space techniques. The
design of the upcoming GALILEO system, its envisaged
accuracy and the long-term stability implies, that also
GALILEO will become a highly valuable technique for
the ITRF. The modernization of GPS and the completion
of the GLONASS system will further improve the situa-
tion.

The goal of Study Group 1.2 is to evaluate and support
the use of Global Navigation Satellite Systems for the
definition and densification of the International Terrestrial
Reference Frame (ITRF).

Objectives

The principal objectives of the WG will be:

— Document the potential contributions of Global
Navigation Satellite Systems to reference frame
establishment and maintenance.

— Investigate the ties and their time evolution between
GNSS Broadcast Frames like WGS84, PZ-90 and the
upcoming GALILEO Reference Frame, and the
ITRF.

— Examine deficiencies in the stability of the global
GNSS station network, especially focusing on stations
contributing to the ITRF2000 catalogue.

— Prepare a consolidated feedback concerning GPS,
GLONASS and GALILEO frame establishment and
improvement based on relevant experience in areas
such as receiver site selection, installation and main-
tenance.

— Investigate the individual strengths and shortcomings
of GPS, GLONASS and GALILEO for Reference
System Realisation and work out synergies.

— Study the ties of regional and local frames realized by
a permanently increasing number of active real-time
GNSS networks.

Program of Activities

Planned activities in the upcoming two years are to
compile a clear picture of the individual strengths and
shortcomings of GPS and GLONASS for Reference Sys-
tem Realisation. This also includes inspection of stability
of global GNSS ITRF core stations, the question of site-
selection and maintenance and a documentation of the ties
between the GPS and GLONASS broadcast frames
WGS84, PZ-90 and the ITRF. Furthermore the contri-
bution of the permanently increasing number of regional
and local real-time GNSS networks for frame densifica-
tion will be investigated.

Later on the Study Group will focus on the upcoming
GALILEO system. Based on the agreed reference network
design we will investigate the quality of the tie and
anticipated time evolution of the GALILEO Reference
Frame with the ITRF. In addition the group will con-
centrate on expected synergies using a real GNSS obser-
vation network covering three satellite navigation systems
for reference frame maintenance.

A Web-site will be established for a exchange of
information, communication, presentation and outreach
purposes. The Study Group will hold working meetings at
international symposia. Achievements will be summarized
in a mid-term review in 2005 and a final document in 2007
and will be presented at the upcoming IAG Conference
and at the next IUGG General Meeting.

Links to Services

This Study Group should coordinate closely with the
IAG Services IERS and IGS, in particular with the
existing GNSS Working Group of the IGS. On condition
of approval of the IGS Governing Board both groups may
establish a Joint Working Group with united member and
objectives lists.

Membership

Chair: Robert Weber (Austria)

Members: Y. Bar Sever (USA), N. Beck (Canada), C.
Boucher (France), C. Bruyninx (Belgium), W.Gurtner
(Switzerland), R. Galas (Germany), R. Langley (Canada),
J. Manning (Australia), H. van der Marel (Netherlands),
H.P. Plag (Norway)



627

Commission 2 - Gravity Field
web: www.ceegs.ohio-state.edu/iag-commission2

President: Christopher Jekeli (USA)
Vice President: Ilias Tziavos (Greece)

Terms of Reference and Objectives

Knowledge of the gravity field in space and its tem-
poral variations is of prime importance for geodesy,
navigation, geophysics, geodynamics, and related disci-
plines. Efficient and accurate modeling of the field spans a
broad spectrum of activities that utilize data from ground,
airborne, and satellite systems. An important subset of
these modeling efforts includes the precise determination
of the geoid for applications ranging from traditional
height systems to oceanography.

Commission 2 (the Gravity Field Commission), of the
International Association of Geodesy is concerned with
promoting, supporting, and stimulating the advancement
of knowledge, technology, and international cooperation
in the geodetic domain associated with Earth’s gravity
field. This domain comprises several major themes of
long-term interest, each under the purview of a sub-com-
mission. The themes cover terrestrial, airborne, shipborne,
and satellite gravimetry; terrestrial relative and absolute
gravity networks; precise regional and global geoid
determination and geopotential modeling; topographic/
isostatic modeling; regional and global temporal varia-
tions in the gravity field; dedicated satellite gravity map-
ping missions; and gravity determination from satellite
altimetry.

The Gravity Field Commission essentially continues
the work of the former Section III of the IAG (Determi-
nation of the Gravity Field), but includes some aspects of
satellite geodesy (former Section II), and is designed to
have stronger links to other components of the IAG,
specifically the Inter-Commission Committee on Theory
(ICCT) and Commission 1 (Reference Frames). The sub-
commissions cover the major themes listed above, which
constitute the principal areas in gravity field modeling,
determination, and measurement technology, as well as
the specific problems and activities related to regional
geoid determination. Study Groups, as under the former
structure, continue to look at well-defined subjects over

shorter duration. They are placed under the sub-com-
missions. Projects are established under the Commission
to organize work on unique and exceptional areas of
interest or particular problems requiring specific interna-
tional cooperation. The regional geoid determination
projects, being of paramount importance, are collected
under the Sub-commission 2.4, in order to provide close
links between them. Connections to other components of
the TAG are created with inter-commission working
groups that provide a cross-disciplinary stimulus for work
in several topics of interest to the Commission. Finally,
the Commission has very strong links to several of the
Services in geodesy, particularly the newly established
International Gravity Field Service and its component
services.

In this modern age of instant change, enabled by
electronic forms of information exchange, it is only nat-
ural that the structure of Commission 2, its membership,
and its connection to other components of the IAG has a
dynamic character that will evolve over the current term
between IUGG General Assemblies. In fact, this evolution
is necessary as the new structure of the IAG takes shape
and re-establishes and re-defines its purview over regional
and international geodetic activities. The current status of
Commission 2, including its structure and membership,
may be updated regularly and can be viewed on the in-
ternet: www.ceegs.ohio-state.edu/iag-commission2

Structure

Sub-Commissions:

SC2.1: Gravimetry and Gravity Networks
President: Shuhei Okubo (Japan)

SC2.2: Spatial and Temporal Gravity Field and
Geoid Modeling
President: Martin Vermeer (Finland)

SC2.3: Dedicated Satellite Gravity Mapping Mis-
sions
President: Pieter Visser (The Netherlands)
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SC2.4: Regional Geoid Determination
President: Urs Marti (Switzerland)

Commission Projects:

CP2.1: European Gravity and Geoid
Chair: Heiner Denker (Germany)

CP2.2: North American Geoid
Chair: Marc Véronneau (Canada)

CP2.3: African Geoid
Chair: Charles Merry (South Africa)

CP2.4: Antarctic Geoid
Chair: Mirko Scheinert (Germany)

CP2.5: South American Geoid
Chair: Denizar Blitzkow (Brazil)

CP2.6: Southeast Asian Geoid
Chair: Bill Kearsley (Australia)

CP2.7: Gravity in South America
Chair: Maria Cristina Pacino (Argentina)

Study Groups:

SG2.1: Comparison of Absolute Gravimeters
Chair: Leonid Vitushkin (France)

SG2.2: Forward Gravity Field Modeling Using
Global Databases
Chair: Michael Kuhn (Australia)

SG2.3: Satellite altimetry: data quality
improvement and coastal applications
Chair: Cheinway Hwang (Taiwan)

SG2.4: Aerogravimetry and Gradiometry
Chair: Uwe Meyer (Germany)

Inter-Commission Study Groups:

IC-SG2.5: Aliasing in Gravity Field Modeling
(Joint with ICCT)
Chair: C. Christian Tscherning (Denmark)

1IC SG2.6: Multiscale Modeling of the Gravity Field
(Joint with ICCT )
Chair: W. Freeden (Germany)

Inter-Commission Projects:

ICP1.1:  Satellite Altimetry
(Joint with Commission 1 and 3)
(Description: See Commission 1)
Chair W. Bosch (Germany)

IC-P1.2:  Vertical Reference Frames
(Joint with commission 1)
(Description: See Commission 1)
Chair: Johannes Thde (Germany)

IC-P3.1: GGP Global Geodynamics Project
(Joint with Commission 3.)
(Description: See Commission 1)
Chair: David Crossley (USA)

Inter-Commission Working Groups:

IC-WGI: Quality Measures, Quality Control and
Quality Improvement
(Joint with ICCT and Commission 1)
(Description: See ICCT)
Chair: H. Kutterer (Germany)

IC-WG3: Satellite Gravity Theory
(Joint with ICCT and Commission 1)
(Description: See ICCT)
Chair: N. Sneeuw (Canada)

Program of Activities

The Gravity Field Commission fosters and encourages
research in the areas of its sub-entities by facilitating the
exchange of information and organizing Symposia, either
independently or at major conferences in geodesy. The
activities of its sub-entities, as described below, constitute
the activities of the Commission, which will be coordi-
nated by the Commission and summarized in annual re-
ports to the IAG Bureau. An Internet web-site for the
Commission will contain all information about the
Commission, its basic structure, terms of reference, and
membership, as well as links to the internet sites of its sub-
entities and parent and sister organizations and services.

Steering Committee

President: Christopher Jekeli

Vice president: Ilias Tziavos

President SC2.1: Shuhei Okubo

President SC2.2: Martin Vermeer

President SC2.3: Pieter Visser

President SC2.4: Urs Marti

Rene Forsberg (representative from the IGFS)

Peter Schwintzer (representative from the Int. Center of
Global Earth Models)

Jacques Hinderer (representative from GGP)



Sub-Commission

SC 2.1 - Gravimetry and Gravity Networks
President: Shuhei Okubo (Japan)

Terms of Reference and Objectives

Sub-commission 2.1 promotes scientific investigations
of gravimetry and gravity networks by employing a three-
step strategy. The first step is focused on gravity deter-
mination at some selected sites with absolute gravimeters
(point scale). It provides the gravity community with
means to assess the level of accuracy of steadily growing
numbers of absolute gravimeters through organizing
international inter-comparison campaigns of global and
of regional scales. In the second step, the Sub-commission
proceeds from the 0-D point-wise gravimetry to 1-D
gravimetry: accurate and precise gravimetry/gradiometry
around land/sea boarders where significant bias or errors
are still observed. The Sub-commission promotes such
research and development by stimulating airborne gra-
vimetry and gradiometry. In the third step, it encourages
and promotes special absolute/relative gravity campaigns,
techniques and procedures for the adjustment of the re-
sults of gravity surveys on a regional scale (2-D). The Sub-
commission will encourage regional meetings or work-
shops dedicated to specific problems, where appropriate.

Reports to Commission 2.
Program of Activities

To meet these goals, the Sub-commission sets up Spe-
cial Study Groups (SSG’s) on Inter-comparison of
Absolute Gravimeters, Aerogravimetry and Gradiometry,
East Asia and Western Pacific Gravity Network, and
Gravity in South America (see below).

Membership

President: Shuhei Okubo

Vice President: Gerd Boedecker

Rene Forsberg (Gravity Networks in Polar Regions)
Matthias Becker (Relative gravimetry)

Leonid F. Vitushkin (Absolute Gravimetry)

Uwe Meyer (Aerogravimetry and Gradiometry)

Yoichi Fukuda (East Asia and Western Pacific Gravity
Network)

Maria Cristina Pacino (Gravity in South America)

629

Sub-commission

SC 2.2 - Spatial and Temporal Gravity Field
and Geoid Modeling

President: Martin Vermeer (Finland)

Terms of Reference and Objectives

The subjects of study that the Sub-commission sup-
ports and promotes can be summarized, without claim to
completeness, as follows. Research work in the spatial
domain concentrates on:

— Global and regional gravity modeling

— Topographic/isostatic modeling

— Downward and upward continuation problems

— Boundary value problem approaches

—  Spectral techniques like (but not limited to) spherical
harmonics

— Height theory and height systems

— Geodetic aspects of satellite radar altimetry

Studies in the temporal domain of the gravity field in-
clude, among others, the following:

— Tides

— The effect of postglacial land uplift

— Time derivatives of the J\_n

— Short/medium term gravity change due to movements
of air and water

— Anthropogenic gravity changes

Reports to Commission 2.

Program of Activities

To meet these goals, the Sub-commission invites the
establishment of Special Study Groups (SSG’s) on rele-
vant topics, promotes and organizes special sessions at
IAG Symposia and other conferences, and reports on the
research work in these areas of interest.

Steering Committee

President: Martin Vermeer



630

Sub-commission

SC 2.3 - Dedicated Satellite Gravity Mapping
Missions

President: Pieter Visser (The Netherlands)

Terms of Reference and Objectives

The successful launches of the German CHAMP (2000)
and US/German GRACE (2002) missions have led to a
revolution in global gravity field mapping by space-borne
observation techniques and associated activities. These
two missions have proven new concepts and technologies,
such as space-borne accelerometry and low-low satellite-
to-satellite tracking (SST), in combination with more
conventional observation techniques, like GPS/SST and
satellite laser ranging (SLR). CHAMP and GRACE have
already produced the first consistent long- to medium-
wavelength global gravity field models and have helped in
preparing for the European Space Agency (ESA) GOCE
dedicated gravity field mission which will further revolu-
tionize high-accuracy and high-resolution gravity field
mapping employing for the first time in history the sa-
tellite gravity gradiometry (SGG) observations.

The focus of this sub-commission will be to promote and
stimulate the following activities:

— Generation of the best possible static and temporal
global gravity field models based on, but not limited
to, observations by space-borne techniques (LAG-
EOS, CHAMP, GRACE,...)

— Preparation for future satellite missions which focus
on or support global gravity field mapping (GOCE,
COSMIC,...)

— Definition of enabling technologies for the more re-
mote future (GRACE follow-on, GOCE follow-on,...)

— Communication/interfacing with gravity field model
user communities (Climatology, oceanography/
Altimetry, Glaciology, Solid-Earth, Geodesy,... )

Program of Activities

To meet these goals, the Sub-commission invites the
establishment of Special Study Groups (SSG’s) on rele-
vant topics, promotes and organizes special sessions at
IAG Symposia and other conferences, and reports on the
research work in these areas of interest.

Steering Committee

President: Pieter Visser (DEOS/The Netherlands)
Srinivas Bettadpur (CSR/U.S.A.)

Thomas Griiber (IAPG/Germany)

Cheinway Hwang (NCKU/Taiwan)

Radboud Koop (SRON/The Netherlands)

Nico Sneeuw (Univ. Calgary/Canada)

Sub-commission

SC 2.4 - Regional Geoid Determination
President: Urs Marti (Switzerland)

Terms of Reference and Objectives

The sub-commission is concerned with the following areas
of investigation:

— Regional geoid projects: data sets, involved institutions,

— comparison of methods and results, data exchange,
comparison with global models

— gravimetric geoid modeling techniques and methods,
available software

— GPS/leveling geoid determination:

— methods, comparisons, treating and interpretation of
residuals

— common treatment of gravity and GPS/leveling for
geoid determination

— geoid applications: GPS heights, sea surface topogra-
phy, integration of geoid models in GPS receivers,
vertical datums

— other topics: topographic effects, downward and up-
ward continuation of terrestrial, airborne, satellite
data specifically as applied to geoid modeling

Reports to Commission 2.

Program of Activities

To meet these goals, the Sub-commission invites the
establishment of Special Study Groups (SSG’s) on rele-
vant topics, and of projects on regional geoid determina-
tion. It promotes and organizes special sessions at IAG
Symposia and other conferences, and reports on the re-
search work in these areas of interest. Also, the sub-
commission plans to facilitate the interaction of the vari-
ous regional geoid projects by organizing links of com-
munication on the Internet.

Steering Committee

President: Urs Marti

Heiner Denker (Project 2.1)
Marc Véronneau (Project 2.2)
Charles Merry (Project 2.3)
Mirko Scheinert (Project 2.4)
Denizar Blitzkow (Project 2.5)
Bill Kearsley (Project 2.6)



Commission Project

CP2.1 European Gravity and Geoid
Chair: Heiner Denker (Germany)

Terms of Reference and Objectives

The primary objective of the project is the development
of an improved geoid and quasigeoid model for Europe.
The previous European Gravimetric Geoid 1997 (EGG97)
is based on high-resolution gravity and terrain data and
the global model EGM96. The comparison of the EGG97
model with GPS/leveling data from national campaigns
and the continental-scale EUVN project reveals long
wavelength discrepancies (at the dm level), while the
agreement at shorter wavelengths is at the cm level in
many cases. For GPS heighting such long wavelength
geoid errors are vital and have to be modeled, e.g., by
fitting the geoid model to some GPS/leveling control sta-
tions.

Since the development of the EGG97 model, several
new data sets and computing techniques have become
available. Hence, significant improvements (especially at
the long wavelengths) can be expected from an updated
European geoid model. Besides the new modeling tech-
niques (e.g., wavelets), improvements are expected from
the new CHAMP and GRACE global geopotential
models, new terrain data sets (e.g., GTOPO30, SRTM
results, national data sets), new and more homogeneous
gravity data sets for some regions, new altimetric results,
an improved merging of ship and altimetric gravity data,
and the use of continental-scale GPS/leveling campaigns.
The data collection effort will focus especially on the
problem areas in the EGG97 computation, i.e., areas
where gravity field data is lacking, sparse, or of low
quality.

All relevant work within the project requires close
international cooperation between all European countries
and different IAG bodies. The contacts and successful
cooperation with the respective national and international
agencies, established within the framework of the EGG97
model development, will be continued and extended. The
project is open to all agencies and universities with an
interest in the development of a geoid and quasigeoid
model for Europe.

The objectives of the project are summarized below:

— Collection, evaluation and homogenization of land
and marine gravity data, altimetric data, GPS/leveling
data, digital elevation models, and global geopotential
models.

— Creation of databases for different data types.
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— Investigation of different techniques for regional geoid
and quasigeoid determination.

— Investigation of techniques for the combination of
gravimetric and GPS/leveling data.

— Development of a new European geoid and quasige-
oid model (gravimetric and/or combined model).

Reports to Sub-Commission 2.4

Steering Committee

Heiner Denker (Chair) (Germany)
Jean-Pierre Barriot (France)
Riccardo Barzaghi (Italy)

Rene Forsberg (Denmark)
Johannes Thde (Germany)
Ambrus Kenyeres (Hungary)

Urs Marti (Switzerland)

Ilias Tziavos (Greece)
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Commission Project

CP2.2 -North American Geoid
Chair: Marc Véronneau (Canada)

Terms of Reference and Objectives

The primary objective of the Project is the development
of a geoid model for North America and surrounding
oceans in order to achieve a common vertical datum. Its
development will require the determination of the gravity
field for an area encompassing Iceland, Greenland, Can-
ada, USA (including Alaska and Hawaii), Mexico and
countries forming Central America and the Caribbean
Sea, referred to herein as “North America”. The geoid
model for North America could be used as the common
datum to relate national datums or tailored using; for
example, “GPS/Leveling” in order to depict the official
national vertical datum as it is done in Canada and USA.
The achievement of a geoid model for North America will
be accomplished by coordinating activities between
agencies and universities with interest in geoid theory,
gravity, digital elevation models (DEM), topographical
density, altimetry, sea surface topography, leveling and
vertical datum.

The determination of a geoid model for North America
is not limited to a single agency, which will collect all
necessary data from all countries. The Project encourages
theoretical diversity in the determination of a geoid model
between the agencies. Each agency takes responsibility or
works in collaboration with neighboring countries in the
development of a geoid model for their respective country
with an overlap (as large as possible) over adjacent
countries. Each solution will be compared, the discrep-
ancies will be analyzed, and the conclusions will be used to
improve on the next model. Thus, the geoid model for
North America will be derived from a “mosaic” of geoid
models.

Reports to Sub-Commission 2.4

Program of Activities

The Project will support geoid activities in countries
where geoid expertise is limited by encouraging more ad-
vanced members to contribute their own expertise and
software. The Project will encourage training and educa-
tion initiative of its members (e.g., International Geoid
Service (IGeS) geoid school and graduate studies).

The chair of the Project will meet with the equivalent
European and South American projects to discuss overlap
regions and to work towards agreements to exchange

data. Finally, the members of the Project will keep close
contact with all related Special Study Groups of the IAG.

The Project is open to all geodetic agencies and uni-
versities across North America with an interest in the
development of a geoid model for North America. The
meetings of the Commission Project 2.2 are open to
everyone with interests in geodesy, geophysics, oceanog-
raphy and other related topics. A list of members is
available on the web site of the North American geoid
project:

www.geod.nrcan.gc.ca/ marc/Html/GGSCNA/
GGSCNA .html. (Username: marc password: private)

Members will communicate primarily using e-mails.
However, members of the Project plan to arrange annual
meetings. Preferably, these meetings will be held during
international conferences where most members will be
present; however, some meetings will be held in North
America to minimize travel costs. Minutes of meeting will
be prepared and sent to all members of the Project.

Membership

Marc Véronneau (chair, GSD/Canada)

Rene Forsberg (KMS/Greenland)

Per Lyster Pedersen (ASIAQ/Greenland)
Antonio Hernandez Navarro (INEGI/Mexico)
Dan Roman (NGS/U.S.A.)



Commission Project

CP 2.3 - African Geoid
Chair: Charles Merry (South Africa)

Terms of Reference and Objectives:

The principal goal of the Project is very simply to
determine the most complete and accurate geoid model for
Africa that can be obtained from the available data.
Secondary goals are to foster co-operation between Afri-
can geodesists and to provide high-level training in geoid
computation to African geodesists.

The objectives of the Project are summarized below:

— Identifying and acquiring data sets - gravity anoma-
lies, DEM’s, GPS/levelling.

— Training of African geodesists in geoid computation.

— Merging and validation of gravity data sets, producing
5” gridded and mean [Jg.

— Computation of African geoid, and evaluation using
GPS/levelling data.

Reports to Sub-Commission 2.4

Membership

Charles Merry (Chair) (South Africa)
Hussein Abd-Elmotaal (Egypt)
Benahmed Daho (Algeria)

Peter Nsombo (Zambia)
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Commission Project

CP 2.4 - Antarctic Geoid
Chair: Mirko Scheinert (Germany)

Terms of Reference and Objectives

Acknowledging the success of the Arctic Gravity Pro-
ject similar efforts have to be made to compile gravity data
for the entire Antarctic. The availability of Antarctic
gravity data should be improved by compiling already
existing data and by carrying out new gravity observation
campaigns. The main scientific goals are to fill in the
southern polar gap and thus to improve the terrestrial
gravity data coverage. A completed Antarctic gravity data
set will substantially contribute to the determination of
the global gravity field in combination with the new
gravity satellites and will serve as an excellent basis for
regional and continental geoid improvement. The Ant-
arctic Geoid Project (AntGP) should be a focus group for
geodesists and geophysicists interested in gravity and
geoid in Antarctica.

Reports to Sub-Commission 2.4

Program of Activities

Activities of the Project include the following:

— Initiating and facilitating the exchange of Antarctic
gravity field data.

— Collecting and evaluating existing gravity data (sur-
face, airborne and satellite) and GPS data on tide
gauges to compute best possible gravity anomaly and
geoid grids.

— Promoting new terrestrial and airborne gravity survey
activities.

— Promoting new precise gravity ties to older and new
traverses and airborne surveys.

— Promoting the measurement of reference gravity sta-
tions, especially using absolute gravity meters.

— Acting as liaison to similar data initiatives in solid-
earth geophysics, especially SCAR.

Membership
Mirko Scheinert (Chair) (TU Dresden, Germany),
Alessandro Capra(Italy), Detlef Damaske (Germany),
Reinhard Dietrich (Germany), Rene Forsberg
(Denmark), Larry Hothem (USA), Phil Jones (UK),
A.H. William Kearsley (Australia), Steve Kenyon
(USA), Christopher Kotsakis (Canada), German L.
Leitchenkov (Russia), Jaakko Maekinen (Finland),
John Mannin (Australia), Uwe Nixdorf (Germany),
Kazuo Shibuya (Japan), C.K. Shum (USA), Dag
Solheim (Norway), Michael Studinger (USA),
(corresponding members), Graeme Blick
(New Zealand), John Brozena(USA), Cheinway Hwang
(Taiwan)
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Commission Project

CP2.5 - South American Geoid
Chair: Denizar Blitzkow (Brazil)

Terms of Reference and Objectives

A great effort has been carried out in the last ten years
to improve/re-establish the Fundamental Gravity Net-
work in South America, to fill the gravity gaps and to
increase GPS observations on the leveling network. Dif-
ferent versions of the geoid (quasi-geoid) were delivered.
At the moment it is important to address a renewed focus
to reorganize the new gravity surveys, in particular, air-
borne missions, and to implement new software for the
geoid computation. A new geoid model is envisaged to
support the SIRGAS altimetric reference system in South
America.

The main objectives of the project are:

— To obtain and to maintain files with data necessary for
the geoid computations like gravity anomalies, digital
terrain models, geopotential models and satellite
observations (GPS) in leveling networks.

— To provide a link between the different countries and
the International Geoid Services in order to assure
access to proper software and geopotential models for
local geoid computation.

— To compute a global geoid model for South America
with a resolution of 10 x 10 using the available data.

To encourage countries to cooperate by releasing data
for this purpose.

— To encourage and eventually support local organiza-
tions in different countries endeavoring to increase the
gravity data coverage; to improve the existing digital
terrain models; to carry out GPS observations on the
leveling network and to compute a high resolution
geoid.

Reports to Sub-Commission 2.4

Program of Activities

The Project will organize and/or encourage the orga-
nization of workshops, symposia or seminars on the geoid
determination in South America. Links will be established
in the project to the following services to facilitate the
exchange of data:

— Bureau Gravimétrique International
— International Geoid Service I — Milan
— International Geoid Service II — St. Louis

Membership

Chair: Dr. Denizar Blitzkow (Brazil, dblitzko@usp.br)
Enga. Maria Cristina Lobianco (Brazil)

Enga. Laura Marlene Sanchez Rodriguez (Colombia)
Dr. Melvin Jesus Hoyer Romero (Venezuela)

Geof. Graciela Font (Argentina)

Rodrigo Maturana Nadal, (Chile)

Alfonso R. Tierra C. (Ecuador)



Commission Project

CP2.6 -Southeast Asian Geoid
Chair: Bill Kearsley (Australia)

Terms of Reference and Objectives

This new Project is chartered to promote cooperation
in and knowledge of geoid and related studies in the re-
gion of South East Asia. The target membership consists
of representatives from countries in and associated with
ASEAN and countries in the Malaysian Peninsula
including: The Philippines, Papua New Guinea, Indone-
sia, Malaysia, Singapore, Brunei, Thailand, Vietnam,
Cambodia, Laos and Myanmar. Some of these countries
have not yet responded to requests for support. Others
(Laos, Cambodia and Myanmar) will be contacted under
the auspices of this new Project.

The executive of this Project will be small to ensure
efficiency, and the Steering Committee will comprise one
member from each participating country. Because of the
need to carry national authority, it is proposed that the
national member be the officer in the National Geodetic
Authority responsible for the National Geoid and/or
National Height Datum matters.

Topics of interest in the Project include:

— Gravity and Related Data: Explore ways in which we

may

— share available gravity data (e.g. via International
Gravity Bureau; GETECH, University of Leeds;
USGS Data Center)

— share available DEM’s along common borders
(National Geodetic Authorities)

— combine resources for terrestrial gravity surveys
along common borders

— combine resources for airborne gravity surveys in
the region.

— Geoid Control: Explore ways in which we may co-
operate by
— sharing geometric (GPS/leveling) geoid control data
— combining efforts in global GPS campaigns ( e. g.,
1GS’92)
— undertaking joint campaign for the inter-connection
of National Height Datums.

Reports to Sub-Commission 2.4

Membership

Bill Kearsley (Chair)
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Commission Project

CP2.7 Gravity in South America
Chair: Maria Cristina Pacino (Argentina)

Terms of Reference and Objectives

A gravity reference network was established in South
America and adjusted by, at that time, the Canadian
Geological Survey. Most of the stations of that old net-
work are destroyed. In many countries, new reference
network has been established recently like Chile, Para-
guay, Argentina, Ecuador. It is necessary and urgent to tie
the network together and carry out an adjustment. On the
other hand, many gaps of gravity data have been filled in
the last few years in different countries. In spite of that,
other gaps still exist, in particular in the mountains and
forests.

This project aims to coordinate efforts of gravity data
collections and measurement campaigns in South Amer-
ica. The main objectives of the project are:

— To re-measure the existing absolute gravity stations
and to encourage new measurements.

— To validate fundamental gravity networks from dif-
ferent countries in order to establish a single and
common gravity network for South America.

— To adjust national gravity networks and to link them.

— To contribute to the “Geoid in South America Pro-
ject” by obtaining and maintaining files with gravity
data necessary for the geoid computation.

— To encourage and eventually support local organiza-
tions in different countries to increase the gravity data
coverage.

— To organize and/or encourage the organization of
workshops, symposia or seminars on gravity in South
America.

The following links to organizations will be established in
the project: Bureau Gravimétrique International; SIRGAS.

Reports to Sub-Commission 2.1

Membership

Maria Cristina Pacino (Chair) (Argentina)
Eduardo Andrés Lauria (Argentina)
Felipe Vasquez Moya (Bolivia)

Daniel Flores Vargas (Bolivia)
Rodrigo Maturana Nadal (Chile)
Rodrigo Barriga Vargas (Chile)

Pedro Sandoval Cavanzo (Colombia)
Luis Llerena (Ecuador)

Juan Carlos Torales (Paraguay)

Juan Munoz Curto (Peru)

Roberto P. Rodino (Uruguay)

Jose Napoleon Hernandez (Venezuela)
Jose Gonzales Briceno (Venezuela)
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Study Group

SG 2.1 - Comparison of Absolute
Gravimeters

Chair: Leonid Vitushkin (France)

Terms of Reference and Objectives

Absolute ballistic gravimeters have become the primary
standards of the acceleration unit in the field of free-fall
acceleration measurements (in brief, standards of free-fall
acceleration). Currently the only way to determine the
level of accuracy of the absolute ballistic gravimeters and
provide the uniformity in absolute measurements of free-
fall acceleration g is by a comparison ot the results of their
measurements.

The principal task of the Special Study Group consists
of the organization (in collaboration with the BIPM and
CCM WGG, Consultative Committee on Mass and Re-
lated Topics Working Group on Gravity) of the four-year
period International Comparisons of Absolute Gravime-
ters (ICAGs) at the BIPM and Regional International
Comparisons of Absolute Gravimeters (RICAGs) at the
sites selected on a continental scale. It should be noted
that the next ICAG should be held in 2005.

The increasing demand for reliability in absolute
gravity measurements requires the development of a
technical protocol for future ICAGs following the rules
proposed in the international Mutual Recognition
Arrangement (signed in 1999 by national metrology
institutes) for national measurement standards and cali-
bration and measurement certificates.

The relavance to the SG is that its members are the
specialists from the geodetic and geophysical communi-
ties, as well as the metrological community and this study
group is more open to participation than the more official
CCM WGG where the membership is related to the
institutes responsible for the traceability in gravimetry.
Such intercommunications within the Study Group as well
as a linkage between this group and CCM WGG will
make it possible to develop the ICAGs and RICAGs
technical protocol accepted by both communities.

The sites for regional comparisons of absolute gravi-
meters (in America, Asia, Europe, and Africa) should be
recommended by the geodetic-geophysical community
and related to the regional structure of metrology com-
munity (Regional Metrology Organizations - RMO, for
instance, EUROMET - European Metrology Organiza-
tion, SIM - Inter-American Metrology System, etc.).

Objectives

— The organization (in collaboration with the Bureau

International des Poids et Mesures (BIPM) and
Working Group on Gravimetry of Consultative
Committee on Mass and Related Topics (CCM
WGG) of the four-year period International Com-
parisons of Absolute Gravimeters (ICAGs) at the
BIPM and Regional International Comparisons of
Absolute Gravimeters (RICAGs) at the sites selected
on continental scale.
The selection of the sites for regional (on a continental
scale) comparisons of absolute gravimeters in collab-
oration with other working groups of Sub-Commis-
sion 2.1 and CMM WGG.

Reports to Sub-Commission 2.1
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Petr Medvedev (Russia)
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Study Group

SG 2.2 - Forward Gravity Field Modeling
Using Global Databases

Chair: Michael Kuhn (Australia)

Terms of Reference and Objectives:

A vast number of data describing the Earth’s shape and
structure (elevation, density distribution models for crust
and mantle) are currently available. Several of these data
are given globally with a continuously increasing resolu-
tion. One of the greatest density anomaly, for example, is
given nowadays by the topographic and ocean water
masses as modeled by global digital elevation models
(DEM) with resolutions down to 1 km x 1 km. Apart from
these (mostly geometrical) data, there also exist global
geological and geophysical information about the Earth’s
interior, describing mainly the structure of the Earth’s
crust and mantle. The increasing number of these data
allows the use of forward gravity field methods (direct
application of Newton’s integral) in order to perform
gravity field recovery and interpretation. In geodesy first
attempts in this field have been made in the framework of
the former TAG Special Study Group 3.177 (http://
www.cage.curtin.edu.au/~will/iagssg3177.html) with very
promising results for more detailed studies. Such forward
modeling results are of great significance to gravity field
modeling and interpretation. Furthermore, the compari-
son of the forward models with existing gravity field
models reveals useful information on the dynamics of the
Earth’s interior as well as the validity of the forward
gravity modeling techniques.

The SG can be seen as a continuation of the IAG SSG
3.177 with a special focus on forward gravity field mod-
eling as well as the modeling of gravity inside the (topo-
graphic) masses. Therefore it follows one of the
recommendations made in the final report of IAG SSG
3.177.

The main scope of the SG will be the employment of
recently released global digital databases with elevation
data as well as information on the structure of crust and
mantle for gravity field recovery and interpretation. The
high resolution of the currently available global data
permits the evaluation of high-degree and -order gravity
models, while enabling the recovery of the high-frequency
content of existing topographic/isostatic models. Fur-
thermore, the forward gravity models can be used to study
the behavior of gravity within the (topographic) masses,
which is a crucial point in gravity field determination.

The SG will mainly focus on the following items:
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— Construction of forward gravity field models using

geophysical data.

— Construction of forward gravity field models from
existing global information on the Earth’s shape
and structure (e.g. global DEM (topography,
bathymetry) such as DTM2000.1, global crustal
models like CRUST 2.0, global mantle models on
seismic velocity and density).

— Different approaches can be used and tested, such
as the numerical integration of Newton’s volume
integral or the expression of Newton’s gravitational
potential in spherical harmonics.

— Following the ideas of SSG 3.177 these forward
gravity models also can be used as synthetic Earth
gravity field models.

— Interpretation of forward gravity field modeling re-

sults.

— Comparison of the forward gravity models with
existing models from satellite and/or terrestrial
gravity measurements (e.g. global gravity field
models from CHAMP and GRACE).

— Construction of synthetic Earth Gravity Models
after attempting to identify bandwidths with known
or apparent geophysical implications.

— Geophysical interpretation and numerical assess-
ment of the forward gravity field models with case
studies over tectonically active regions (e.g. Isostasy
and flexure of the lithosphere, dynamics of the
mantle).

— Application of forward modelling results in gravity

field determination

— Modeling of gravity inside the topographic masses,
which is required in gravimetric gravity field deter-
mination (e.g. geoid determination using Stokes’s
theory).

— Study the forward gravity field modeling results
under the scope to improve the computation of
different gravity reductions/effects such as:

— computation of terrain reductions,

— downward continuation of gravity anomalies,

— orthometric corrections,

— mean gravity and mean gravity gradient inside
the (topographic) masses.

— Study the possibility to express the Earth’s gravity
field by forward modeling only.

Reports to Sub-Commission 2.2
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Program of Acitivities

Activities of the SG will include participation by
members who will cover at least one of the above men-
tioned study areas; meetings at larger conferences such as
IAG, AGU, EGS in order to report and discuss matters
related to the SG; and. Communication by e-mail and a
web-page.

Membership

Michael Kuhn (Chair) (Australia)
Dimitris Tsoulis (Vice Chair) (Germany)
Hussein Abd-Elmotaal (Egypt)
Irek Baran (Australia)

Miroslav Bielik (Slovak Republic)
Heiner Denker (Germany)
William Featherstone (Australia)
Jakob Flury (Germany)

Thomas Gruber (Germany)
Simon Holmes (USA)

Michael Kern (Austria)

Jon Kirby (Australia)

Pavel Novak (Czech Republic)
Spiros Pagiatakis (Canada)
Roland Pail (Austria)

Gabor Papp (Hungary)

Nikolaos Pavlis (USA)

Gabriel Strykowski (Denmark)
Gyula Toth (Hungary)

Tony Watts (UK)

Study Group

SG2.3 - Satellite altimetry: data quality
improvement and coastal applications

Chair: Cheinway Hwang (Taiwan)

Terms of Reference and Objectives

In a previous IAG SSG, namely, SSG3.186, members
have put effort to develop best methodologies for deriving
gravity anomaly, geoid, sea surface topography and
bathymetry from satellite altimeter data. Despite some
achievements, a number of problems in coastal applica-
tions of altimetry are not resolved. For example, altimeter
data at the immediate vicinity of shores are eliminated due
to bad quality. However, for purposes such as coastal
geoid and gravity determinations, shallow-water tide
modeling and coastal ocean circulation determination,
such “bad” data are badly needed. Do we really need to
eliminate these altimeter data? Can we improve the quality
of coastal altimeter data and how?

One important application of satellite altimetry is to
determine local coastal geoid models. Coastal areas are
largely heavily populated. Most countries in the world will
need a high-precision coastal geoid model for purposes
such as national vertical datum determination and con-
nection (for countries with scattered islands), GPS level-
ing, coastal circulation study and coastal topography
mapping. However, satellite altimetry alone cannot fulfill
this need, and satellite and terrestrial gravity data (at land
and sea) and elevation data (for terrain effects) should be
included. The question is how to best combine these het-
erogeneous data.

It has been shown that use of retracked altimetry can
produce improved results in altimetric applications. Cur-
rently, only retracked ERS-1 altimetry is used for pur-
poses such as marine geoid and gravity determinations in
only a limited number of coastal areas (e.g., polar regions
and the China Seas). Retracked altimetry can be also used
in shallow-water tide modeling and sea surface topogra-
phy determination for oceanography.. Another dense data
set, namely, Geosat/GM, has not been retracked for
coastal applications. The geodetic and earth science
communities will surely benefit from a global set of
combined retracked ERS-1 and Geosat/GM altimeter
data. One objective of this current SSG will be to freely
provide a database of retracked ERS-1 and Geosat/GM
for members interested in applications of these retracked
altimeter data.



The Study Group activities will include:

Retrack global shallow-waters ERS-1 and Geosat/
GM altimeter data and establish a database for
members to use.

Investigate geophysical, geodetic and oceanographic
signals with altimetric products using rates higher than
1 Hz. In addition to the radar altimetry, high-rate
laser altimeter data from ICESat, which are not cor-
rupted near coasts, will be used. Impact of using JA-
SON-2 WSOA and CRYOSAT altimeter data will be
investigated.

Improve models of geophysical corrections over
shallow waters using, e.g., improved shallow-waters
tide models, sea state bias estimates and tropospheric
corrections and improve quality of altimeter data over
shallow waters by, e.g., waveform retracking, adaptive
filtering and outlier detection. Selected "difficult" re-
gions of scientific interest such as the Hawaiian Rid-
ges, the Cayman Trench, and the southeast Asia
waters will be investigated. The improved models
should be distributed to all members.

Combine coastal altimetry, satellite gravity, land
gravity, marine gravity (shipborne or airborne) to
enhance the accuracy of coastal geoid (at sea and
land).

Combine altimetry data, LIDAR and remote sensing
data for coastal bathymetry determination. LIDAR
onboard an aircraft is able to determine ocean depths
up to 50 m. Optical sensor data from, e.g., Landsat,
can be used to determine depths at shallow waters,
provided that a careful calibration is made. Here
altimetry data help to determine bathymetry at the

639

deeper part of the oceans. But how exactly do we
combine them?

Define a standard, including theory and data type, to
obtain the current best results in marine gravity, geoid
and bathymetry from altimetry data.

Investigate the possibility of determining coastal
ocean circulations from satellite altimetry and
numerical modeling.

Create long-term averaged satellite altimetry database
for geodetic purposes.

Reports to Sub-Commission 2.2
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Study Group

SG2.4 - Aerogravimetry and Gradiometry

Chair: Uwe Meyer (Germany)

Terms of Reference and Objectives

Within the next four years, the SSG on Aerogravimetry

and Gradiometry should concentrate on three major
items.

Now that CHAMP and GRACE are operative and
first independent, single satellite models are available
for the gravity community, and with the GOCE mis-
sion on the horizon, aerogravity campaigns should be
designed to close the gap between near-surface mea-
surements (land-based, ship-borne) and satellite
observations. Taking the GRACE mission as an
example, the design of future aerogravimetry surveys
should make sure that long wavelengths (minimum of
250 km profile length) are resolved with stable, best
possible accuracy with a resolution that fits to medium
wavelength features measured on ground (some ten to
hundred km). A new generation of scientific survey
aircraft available in the next years such as the planned
HIAPER aircraft (USA) and HALO aircraft (Ger-
many) that are mainly designed and planned to be
used for atmospheric sciences should also be adopted
for large scale aerogravimetric surveys. The aircraft
will be of the type of Bombardier Express or Gulf-
stream V which both are capable to fly distances up to
10000 km. Such type of aircraft allows to fly gravim-
etry in a sub-continental to continental range. The
gravimetry community should soon develop surveys
for these aircraft as they will be available in 2006/2007.
In the meanwhile, large unmapped areas as the
Amazon Basin and Antarctica should be covered by
systematic aerogravimetry surveys. For the Amazon
Basin, a Brazilian scientific and commercial commu-
nity has already claimed a large interest to cover the
northern Amazon Basin. As for Antarctica, a special
logistic and long standing experience is needed to
cover the continent with aerogravimetric surveys. The
institutions involved as BAS, AWI, USGS, etc. al-
ready have special science plans developed. TAG
should give these institutions some official back-up

and help in long term coordination of Antarctic
aerogravimetry activities.

The fast development of gradiometer systems for air-
borne gravimetry opens a complete new spectrum of
accuracy and resolution in local to regional surveys.
For the scientific community two problems arise to
utilize the new instruments for their aims: most
developments are purely made on a commercial base
and gradiometer systems often operate only on a
specially designed aircraft, so the system cannot be
swapped between aircraft. Here, a new link between
industry and science has to be accomplished. The
working group members should enforce the use of
gradiometer systems on local targets of special inter-
est. One mid-term aim should be the installation of a
gradiometer system on HIAPER or HALO in order to
fly on GOCE orbits with as much time synchroniza-
tion as possible also using laser or radar systems for
sea surface measurements over the Atlantic.

The use of the latest satellite gravity observations
encouraged the development of new techniques to
process traces of satellite data. Some of the new,
emerging ideas might be as well very useful in aero-
gravimetry data processing. Therefore, a set of ae-
rogravity data from different systems should be made
available on the internet to test new methods of pro-
ce