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Executive Summary
Commission 2 consists of four sub-commissions, seven projects, and five study groups
organized in the following structure:
1. Sub-Commission SC2.1: Gravimetry and Gravity Networks (president: Shuhei Okubo)
a) Inter-Commission Study Group IC-SG2.1 (Joint with IGFS): Comparison of
Absolute Gravimeters (Chair: Leonid Vitushkin) (changed to a joint study group
with IGFS, from previous status as a study group solely in the Commission)
b) Commission Project CP2.7: Gravity in South America (Chair: María Cristina
Pacino)
2. Sub-Commission SC2.2: Spatial and Temporal Gravity Field and Geoid Modeling
(president : Martin Vermeer)
a) Study Group SG2.2: Forward Gravity Field Modeling Using Global Databases
(Chair: Michael Kuhn)
b) Study Group SG2.3: Satellite altimetry: data quality improvement and coastal
applications (Chair: Cheinway Hwang)
c) Inter-Commission Study Group IC-SG2.6 (Joint with ICCT) : Multiscale
Modeling of the Gravity Field (Chair: Willi Freeden)
d) Inter-Commission Study Group IC-SG2.7 (Joint with ICCT): Towards cmaccurate Geoid - Theories, Computational methods and Validation (Chair: Yan
Ming Wang) (This study group was formed just recently in 2006-2007.)
3. Sub-Commission SC2.3: Dedicated Satellite Gravity Mapping Missions (president:
Pieter Visser)
4. Sub-Commission SC2.4: Regional Geoid Determination (president: Urs Marti)
a) Commission Project CP2.1: European Gravity and Geoid (Chair: Heiner Denker)
b) Commission Project CP2.2: North American Geoid (Chair: Marc Véronneau)
c) Commission Project CP2.3: African Geoid (Chair: Charles Merry)
d) Commission Project CP2.4: Antarctic Geoid (Chair: Mirko Scheinert)
e) Commission Project CP2.5: South American Geoid (Chair: Denizar Blitzkow)
f) Commission Project CP2.6: Southeast Asian Geoid (Chair: Bill Kearsley)
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In addition, there are various Inter-Commission working groups and projects, as follows.
a) Inter-Commission Working Group IC-WG1 (Joint with ICCT & Commission 1):
Quality Measures, Quality Control, and Quality Improvement (Chair: H.
Kutterer)
b) Inter-Commission Working Group IC-WG2 (Joint with IGFS): Evaluation of
Global Earth Gravity Models (Chair: Jianliang Huang)
c) Inter-Commission Working Group IC-WG3 (Joint with ICCT & Commission 1):
Satellite Gravity Theory (Chair; Nico Sneeuw)
d) Inter-Commission Project IC-P1.1: (Joint with Commissions 1 & 3): Satellite
Altimetry (Chair: Wolfgang Bosch)
e) Inter-Commission Project IC-P1.2: (Joint with Commission 1) Vertical
Reference Frames: (Chair: Johannes Ihde)
f) Inter-Commission Project IC-P3.1: (Joint with Commissions 1 & 3): Global
Geodynamics Project (Chair: David Crossley)
These entities have their primary affiliation in other Commissions or Services (in
parentheses), and the reporting of their activities is contained in other corresponding
documents (available reports from some of these are also attached as Appendices 15-17).
This report covers the period of activity of the primary entities in Commission 2 for the
period May 2006 – April 2007. Each of the chairs of the entities was asked to summarize
activities in six general areas:
1) publications of members, including journal papers, conference papers and
presentations, and bulletin reports;
2) organizations of workshops, conference sessions, group meetings;
3) participation in observation campaigns and major computational efforts;
4) other noteworthy accomplishments, including significant interaction with groups
outside the Commission;
5) future plans and activities;
6) issues and concerns, and recommended improvements in the Commission.
Reporting for the Commission was organized by Sub-Commission, with entities
submitting activity summaries to their corresponding Sub-Commission. Each president
of a Sub-Commission then collected and submitted a brief report to the Commission
President. This report then summarizes these for the Executive Committee of the IAG.
Almost all entities of the Commission achieved significant progress in their stated
objectives during the past year. Besides the highlights of the Commission mentioned
here, further details may be found on the web sites of individual sub-commissions (see
http://www.geology.osu.edu/~jekeli.1/iag-commission2) and in the Appendices to this
report.
Finally, recommendations are made with regard to the continuation for the next four
years not only of the sub-commissions but various study groups and projects under each
one.
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1. A significant event for the Commission during the past year was the First International
Symposium of the International Gravity Field Service, held in Istanbul, Turkey, 28
August – 1 September 2006. This symposium brought together scientists in many areas
of gravity field measurement and modeling, and related research activities. All
components of the Commission were well represented and they actively participated
among the ten symposium sessions that attracted a total of 228 papers. The symposium
represented an excellent launch of the newly formed International Gravity Field Service
and demonstrated a strong cooperative relationship with the Commission. A Springer
volume with many of the presented papers is in progress of being published.
The Proceedings of the IAG Scientific Assembly, Dynamic Planet 2005, held in Cairns,
Australia, in August 2005 was also released this year and contains, among many other
contributions authored by members of the Commission, 28 papers from the Session titled,
“Gravity field determination from a synthesis of terrestrial, airborne and altimetry
measurements”.
Finally, the Commission is also involved in the upcoming Symposium on Terrestrial
Gravimetry – Static and Mobile Measurements, to be held in St. Petersburg, Russia, 2023 August 2007. More information about this and previous symposia can be found on the
internet through links provided on the Commission web pages.

2. Sub-Commission 2.1 (Gravimetry and Gravity Networks) reported (Appendix 1)
continued progress in establishing absolute gravity networks in East and South-East Asia.
Following the successful creation in 2005 of the Absolute Gravity Standard Station
Network in East Asia and South-East Asia (AGSSN-ESEA), additional complementary
measurements have been carried out in 2006 to provide calibration data for
superconducting gravimeters. Absolute gravimetry in the Pacific Rim countries is
particularly important as population growth continues and depends on sustainable
groundwater supplies. Several campaigns to monitor groundwater using precise portable
absolute meters are planned for the next several years (2008-2010). The accuracy
assessment of absolute gravimeters and particularly the specification of the measurement
strategy, data processing, calculation of the uncertainties and presentation of results are
among several continuing efforts of the study group, IC-SG2.1, on Comparison of
Absolute Gravimeters (which was elevated to an Inter-Commission Study Group to
provide a closer tie to the International Gravity Field Service that has a key interest in
global absolute gravity networks). The work of this Study Group is also closely aligned
with the BIPM Consultative Committee on Mass – Working Group on Gravimetry
(CCM-WGG) and plans the next major international comparison of absolute gravimeters
in 2009. Other significant gravity network studies reported under this sub-commission
include the activities in South America in conjunction with the new geoid for South
America. New campaigns are planned for 2007-2008 for absolute and relative gravity
networks aiming to tie together and strengthen various national networks and also occupy
tide gauge and permanent GPS stations.
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Because of the continuing importance that absolute (and relative) terrestrial gravity plays
in understanding and monitoring crust dynamics and subsurface hydrology, it is
recommended that the sub-commission on gravimetry and gravity networks continue
during the next quadrennium of the Commission. In particular, the work of the existing
commission project CP2.7 should continue to facilitate collaboration among South
American countries in developing international gravity networks. However, it may be
considered that this project be combined with the geoid project CP2.5 (see below in
Section 5.). The IC-SG2.1 (Comparison of Absolute Gravimeters) may be transitioned to
the project level with the aim of contributing to the efforts of the IGFS as well as various
regional absolute gravimetry campaigns. It is hoped that airborne gravimetry, and
especially airborne gravity gradiometry, find renewed active interest within the
Commission, either through study groups or projects, since these systems are becoming
more prevalent as the instrumentation technology advances and the successes of various
campaigns increase. There is then definitely also a need to interface more closely with
the satellite gravity missions to enable a seamless gravity modeling from the longerwavelength satellite-derived components to the short-wavelength components obtained
with airborne systems.

3. The work of Sub-Commission 2.2 (Spatial and Temporal Gravity Field and Geoid
Modeling) during the past year may be fairly well summarized by the numerous papers
and posters presented at the IGFS Symposium in Istanbul, Turkey. See also Appendix 2
for a complete four-year summary. Of particular importance is the tremendous
advancement in both global and regional gravity modeling. The satellite mission
GRACE has had a seminal impact on successfully correlating temporal variations in
global precision gravity models with mass transport on the Earth’s surface, e.g., the
hydrology of the Amazon River basin. More such studies have been done (e.g., with
respect to earthquakes and ice mass balance) and will undoubtedly increase in number as
the GRACE mission continues to yield global models on a prolonged temporal basis. On
the regional front, a new geoid model was derived for Mongolia almost entirely from
airborne gravimetry, showing again the importance of this system in providing highresolution gravity models at the regional and local level. Similar campaigns over
Malaysia, the Gulf of Mexico, and the Arctic Ocean also yielded to varying degrees
significant new data. Satellite altimetry is being pushed to its limits for coastal
applications where data qua lity is poorest. However, this is where an understanding of
the ocean surface is most important for societal concerns regarding sea level rise, coastal
erosion, and marine ecosystems. New methods in data processing (re-tracking) have
yielded impressive results, as demonstrated at an international workshop on altimetry
with emphasis on coastal applications that was organized by SG2.3 in Beijing in July
2006. It is also noted that forward modeling of the Earth’s gravity field is being
vigorously pursued as new data bases describing surface topography, ocean bathymetry
and internal density variations are increasing in resolution and accuracy.
Clearly, gravity field modeling continues to be a mainstay of the Commission and it is
recommended that this sub-commission continue into the next quadrennium of the
Commission. Due to the increasing emphasis on temporal modeling and its tremendous
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applications in geodynamics (which may be defined as including all temporal aspects of
the Earth), it may be advantageous from an organizational viewpoint to restrict the subcommission to temporal modeling and include static modeling in another subcommission (SC4). This may provide a cleaner separation between the terms of
reference between these two sub-commissions. With the temporal emphasis, there will
need to be strong ties to Commission 3 on Earth Rotation and Geodynamics. The Study
Group SG2.3 on satellite altimetry and coastal applications has been very active and
strong (Appendix 6) and should continue in some fashion, perhaps as a new study group
that could contribute to both this and the sub-commission that deals mostly with (quasistatic) geoid models. Likewise, the study group on forward modeling has made great
progress and has laid the foundation for additional significant work. It is recommended
that this study group also be followed with a new study group that addresses these new
objectives (Appendix 5).
The Inter-Commission study group, IC-SG2.6, on multi-scale gravity modeling also
reports (Appendix 7) wide-ranging collaborative work with the space-gravimetric,
geodetic theory (inverse problems), geodynamics, and oceanographic groups. This
demonstrates the effective applicability of multiresolution methods in many areas of
geodesy and geophysics and research in these areas will undoubtedly continue to advance
the methods and theory. A new study group that addresses a particular application with
high level research potential may be considered for the next four years.
Finally, the Inter-Commission study group, IC-SG2.7, on analyzing the theory and
practice toward the cm-accurate geoid commenced just recently (January 2007) and it is
recommended that it be continued without further justification for the next four years. A
preliminary report is provided as Appendix 8.

4. Sub-Commission 2.3 (Dedicated Satellite Gravity Mapping Missions) again reports
(Appendix 3) tremendous progress in the acquisition and analysis of new gravity data
from the satellite mission, GRACE, and the recently launched FORMOSAT-3/COSMIC
mission. Analysis of these data, as well as data provided by CHAMP, continues to
demonstrate the vast potential to extract useful geodynamic information from these
global gravity mapping systems, particularly the temporal variations. The complexity of
data processing and modeling (inverse problem) for these satellite missions has
stimulated growth in theoretical and mathematical aspects which are needed also for
planned future satellite missions, such as GOCE and GRACE/GOCE follow-on missions,
as well as satellite cluster systems. A special issue of the Journal of Geodesy (January
2007) was devoted to the inverse problem for satellite gravimetry.
The report from the newly formed Inter-Commission Working Group (IC-WG2) informs
us that global gravity models from different current solutions are not consistently
accurate in various regions of the world. This and the anticipated abundance of research
activity surrounding the release of the upcoming GOCE mission data provide more than
sufficient motivation to continue this sub-commission, SC2.3, as well as the working
group, IC-WG2. The analysis of satellite gravity data at many different levels, from raw
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data processing to geophysical interpretation to simulation studies of future missions
forms a particularly important part of the Commission. Probably more than any other
component, this sub-commission has formed and should continue to nurture very close
ties to the Inter-Commission Committee on Theory (ICCT) because the satellite missions
provide new and pressing challenges to assimilate different data types both spatially and
temporally and at many different scales. The formation of additional study groups and
projects in this active area of multidisciplinary research is strongly encouraged.

5. During the past year, as for the entire first quadrennium of the Commission 2, the
various geoid projects under Sub-Commission 2.4 (Regional Geoid Determination) have
progressed with different levels of success. The European geoid, the Antarctic geoid, and
South American geoid projects are most actively engaged in model improvements due to
both geopolitical and scientific impetuses. The African geoid project is hampered by a
lack of data and the Southeast Asian geoid project by a lack of international agreements
to move forward. The North American geoid project seems to continue only at a low
level of activity. The report of the sub-commission (Appendix 4) provides a concise
review of accomplishments and future plans; see also Appendices 9-14.
It is expected that in many areas where only poor geoid models are currently available,
the responsible organizations are eagerly awaiting the results from the GOCE mission,
which may deliver a model of sufficient accuracy/resolution for these areas in the near
term. However, in most areas regional geoids of higher accuracy (cm-accuracy or better)
and resolution (1-10 km) will be required in the future and this can only be achieved with
high-accuracy regional gravity surveys. Therefore, regional geoid projects should
continue to be supported by the Commission. In particular the active European, South
American, and Antarctic projects deserve continuation for the next four years without
further justification. One may consider combining projects CP2.5 and CP2.7 since the y
have been active and reporting essentially as one unit during the past four years. This
would be analogous to the European project CP2.1 that naturally combines both gravity
and geoid modeling. The other three geoid projects (North America, Africa, Southeast
Asia) should be renewed only if there are viable plans (new proposals) that ha ve a
reasonable chance for success, including significant activity by their members.
It is also recommended that this Sub-Commission continue with a broader base of interest
that includes besides specific regional and global geoid modeling, static gravity field
modeling from a more general standpoint, as well as terrain (bathymetry) data
applications in gravity field and geoid modeling.

6. In summary, Commission 2 has established a strong agenda for IAG in the area of
gravity field measurement and modeling with significant links to a number of sister
commissions and services. The Commission has been active at all the major IAG
conferences and has played key or leading roles in several symposia during the past four
years. Its significance is again demonstrated by the response of IAG contributors to the
IUGG general assembly, having submitted more than two fifths of their papers to the
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IAG session GS002 (216 out of 507 for sessions GS001-004). The Commission is
carrying on the traditions of the IAG by fostering individual and group activities in
gravity research, as well as encouraging collaborations with cross-disciplinary entities.
The next four years promise to be important ones for the Commission as a new satellite
gravity mission (GOCE) is launched and corresponding data in the form of a new type
(gradiometry) are analyzed; as the temporal domain of the Earth’s gravity field is further
exploited to understand mass transports, particularly with respect to the ice- mass balance
problems; and as new instrument technologies, particularly gravity gradiometry, are
utilized for terrestrial applications using airborne surveys.
The Appendices are reports provided by the sub-commission presidents and chairs of
individual entities and form a part of this report. They provide the details of activities
within the sub-structure of the Commission.
Appendix 1: Report of Sub-Commission SC2.1, by S. Okubo (includes reports for SG2.1
and CP2.7)
Appendix 2: Report of Sub-Commission SC2.2, by M. Vermeer
Appendix 3: Report of Sub-Commission SC2.3, by P. Visser
Appendix 4: Report of Sub-Commission SC2.4, by U. Marti
Appendix 5: Report of Study Group SG2.2, by M. Kuhn
Appendix 6: Report of Study Group SG2.3, by C. Hwang
Appendix 7: Report of Inter-Commission Study Group IC-SG2.6, by W. Freeden
Appendix 8: Report of Inter-Commission Study Group IC-SG2.7, by Y.M. Wang
Appendix 9: Report of Commission Project CP2.1, by H. Denker
Appendix 10: Report of Commission Project CP2.2, by M. Véronneau
Appendix 11: Report of Commission Project CP2.3, by C. Merry
Appendix 12: Report of Commission Project CP2.4, by M. Scheinert
Appendix 13: Report of Commission Projects CP2.5&CP2.7, by D. Blitzkow
Appendix 14: Report of Commission Project CP2.6 by B. Kearsley
Appendix 15: Report of Inter-Commission Working Group IC-WG2, by J. Huang
Appendix 16: Report of Inter-Commission Project IC-P1.2: by J. Ihde
Appendix 17: Report of Inter-Commission Project IC-P3.1: by D. Crossley
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Appendix 1
Activity Report of Sub-Commission 2.1
(Gravimetry and Gravity Networks)
Compiled by S. Okubo, President of SC 2.1
Absolute Gravity Network in East Asia and Western Pacific:
Reported by Y. Fukuda, Member of SC2.1.
Absolute gravity measurements provide nationwide fundamental basis for local
and regional gravity surveys and consequently a reference for the height system of the
nation as well. Moreover the absolute gravity measurements contribute to the studies
of crustal movements, sea level changes as well as secular gravity changes due to
various phenomena in and on the Earth.
During the period from 2002 to 2006, Kyoto University and the Geographical
Survey Institute of Japan have collaborated to establish the Absolute Gravity Standard
Station Network in East Asia and South-East Asia (AGSSN-ESEA) as a part of the
Asia-Pacific Space Geodynamics Project cooperation campaigns in the International
Association of Geodesy and the Permanent Committee on GIS Infrastructure for Asia
& the Pacific using FG-5 absolute gravimeters. These are summarized in Takemoto et
al. (2006). As complementary measurements especially aiming at the calibration of
the superconducting gravimeters, absolute gravity measurements were carried out in
2006 at Esashi and Kamioka of the AGSSN-ESEA.
Research Institute for Humanity and Nature (RIHN) launched a new project which
assesses the effect of human activities on the urban subsurface environment in Asian
coastal cities where population numbers and density have expanded rapidly and uses
of subsurface environment have increased. The project will address the evaluation of
the ground water flow systems and sustainable use of groundwater. In this concern,
for monitoring the groundwater changes in Bangkok and Jakarta, precise gravity
measurements is planned during 2008 to 2010 by mean of a portable type absolute
gravimeter.
Publications
Takemoto, S., Y. Fukuda, T. Higashi, I. Kimura, Y. Hiraoka, Y. Hiyama, H.
Nakagawa, M. Honda, H. Aoki, M. Hashizume, H. Amemiya, A. Suzuki, He-Ping
Sun, Yong Wang, Houze Xu, Yaozhong Zhu, Weimin Zhang, Jeff. J. F. Hunang,
Ta-kang Yeh, Hui-Chin Yu, Cheinway Hwang, S. Dwipa, D. S. Kusuma, A.
Andan, P. Manurung, T.-C. Hua, M. Yosof Bin Abu Bakar, Sanudin Hj. Tahir, K.
Wattananikorn, R. M. Agaton and E. Macasppac : Establishment of an Absolute
Gravity Network in East- and South-East Asia (2006): J. Geod. Soc. Japan, 52,
51-95 (in Japanese with English Abstract).
Hiraoka, Y., I. Kimura, Y. Hiyama, M. Honda, H. Amemiya, A. Suzuki, S.
Takemoto, Y. Fukuda and T. Higashi (2006): Collaboration in Establishment of
Absolute Gravity Standard Station Network in East Asia (Ⅱ), J. Geogr. Surv.
Inst., 110, 19-25. (in Japanese)
Study Group 2.1.1: Study Group on Comparisons of Absolute Gravimeters
Reported by Leonid Vitushkin ( Chairperson of SG 2.1.1 and CCM WGG).

The SG2.1.1 works in the collaboration with the Working Group on Gravimetry of the
Consultative Committee on Mass and Related Quantities (CCM WGG).
1. A preliminary evaluation of the results of the 7th International Comparison of
Absolute Gravimetrs (ICAG-2005) at the BIPM in September 2005 was performed.
All the operators have presented their results of the absolute measurements (97 in-thenight measurements in the period from 3 to 25 September 2005 using 19 absolute
gravimeters from countries and the BIPM) and it made it possible to evaluate the
preliminary unweighted mean value at the reference site of the gravity network of the
BIPM. The main difficulties arose in the evaluation of the budgets of the uncertainties
for the individual gravimeters (mainly of the type FG5). A Discussion Group
(moderator A.Germak, INRiM, Italy) was organized to develop the recommendations
on the evaluation of the uncertainties in the measurements using the absolute ballistic
gravimeters according to the requirements for the comparisons organized by
metrology community.
The budgets of the uncertainties are necessary for the calculation of the weighted
mean result of the comparison.
Further work on the improvement of the technical protocol is also in progress.
2. The requirements to the sites for the regional comparisons of the absolute
gravimeters are developed and placed on the website of the CCM WGG
(http://www.bipm.org). The access to working documents is restricted to the members
of SG2.1.1 and CCM WGG.
3. The sites in Czech Republic, Finland, Luxembourg, Poland and Russia are
proposed for the regional comparisons of absolute gravimeters.
4. The second regional comparison of absolute gravimeters will be held in
Walferdange in November 2007 (coordinator Olivier Francis). The decision was taken
that this comparison will be organized according the rules for a pilot study with the
appropriate technical protocol and, on the other hand, it will be open for the
participants from geophysical institutes, universities and other organizations not yet
related to metrology organizations.
5. The 2nd Joint Meeting of the SG2.1.1 and CCM WGG was organized at METAS
(Switzerland) 7-8 June 2006. 27 participants from 16 countries and the BIPM attended
this meeting. The agenda and some documents of the meeting are on the website of
the CCM WGG.
6. The 2nd Joint Meeting recommended organizing the next 8th ICAG at the BIPM in
September 2009.
7. The chairman of the SG2.1.1 and CCM WGG Leonid Vitushkin with the President
of Commission 2 Chris Jekeli took part in the organization of the symposium
“Terrestrial Gravimetry. Static and Mobile Measurements.TG-SMM-2007” on 20-22
August 2007 in (see: http://www.elektropribor.spb.ru/cnf/tg-smm2007/enfrset.html).
8. The third Joint Meeting of the SG2.1.1 and CCM WGG will be held on 24 August
2007 at the D.I.Mendeleyev Institute for Metrology, St Petersburg, Russia.

Project CP2-7: Gravity in South America.
Reported by M. C. Pacino (Chair of Commission Project 2.7)
This is part of the Joint Report “Gravity and Geoid in South America”. The members
of CP2-7 and CP2-5 Projects are organized in a coordinated effort to develop
activities related to both projects. The two projects were established as part of the
Commission II: Gravity Field, in order to organize the activities of gravity
measurements in the continent and to provide the necessary information for the height
system in association with the geoid determination.
The first joint meeting of CP2-7 and CP2-5 Projects took place in 2006:
REPORT OF MEETING “GRAVITY AND GEOID IN SOUTH AMERICA”
VENUE: INSTITUTO GEOGRAFICO MILITAR - BUENOS AIRES (ARGENTINA)
DATES: 25 – 29 SEPTEMBER 2006
SPONSORS:
Instituto Geográfico Militar de Argentina
Facultad de Cs. Exactas, Ingeniería y Agrimensura (Universidad Nacional de
Rosario)
Facultad de Ciencias Astronómicas y Geofísicas (Universidad Nacional de La Plata)
Escola Politécnica (Universidade de Sao Paulo)
Agencia Nacional de Promoción Científica y Tecnológica de Argentina
Consejo Nacional de Investigaciones Científicas y Técnicas de Argentina
International Gravity Field Service (IGFS – IAG)
The Geoid School, sponsored by the IAG that took place in Rio de Janeiro (Brazil) in
1997, meant an important step forward for the integration of South American
scientists into the international geodetic community. Since them, new developments
and models have greatly varied the calculation methodology of geoid models, and
thus allowing to get other results with the chance of applying them in several
scientific disciplines.
In this sense, this symposium was organized in a joint effort of the IAG Projects CP27 (Gravity in South America) and CP2-5 (South American Geoid), and sponsored by
IGFS together with several Argentine and Brazilian associations. Its aim was to
update and deepen the knowledge about the terrestrial gravity field which leads to an
adequate handling of the vertical reference.
The main intention of this symposium was bringing up a real possibility for South
American colleagues to update the knowledge in this subject as well as to give a place
to exchange opinions, experiences and common problems. It means the possibility of a
meeting in a city in South America, where money and language inconveniences could
be minimized in order to get the widest participation and to strengthen the
relationships with the IAG community.
The activities were arranged in the following way:
- Two workshop days for updating of the new methodologies and current
models as well as the practical use of these concepts.
- Two days to inform about the activities, achievements and future prospects in
several South American countries through speeches and murals.

-

The last day for discussion and planning of joint activities.

The event was very welcome by professionals of related activities from several
countries of South America (Argentina, Brazil, Chile, Ecuador, Uruguay, Venezuela)
as well as students from different universities.
The participants taking part in the workshop gave great attention to the lectures,
which were focused on the main concepts and computing procedures.
Thirty presentations were attended by more than fifty participants. This fact is further
evidence of the necessity of this kind of events at these latitudes.
On the last day, several recommendations and suggestions were discussed. Users of
geoid models could set out their needs and, at the same time, they became aware of
the possibilities of bringing their help in many ways. South American Scientist were
able to share experiences and initiate conversations for joint projects. Students could
have a picture of the latest projects, what meant an important step forward for them
and for the whole geodetic community.
Future plans: Measuring campaigns
The budget for a new absolute gravity measurement campaign has been approved.
It will be developed in two steps:
- 2007: The reoccupation and densification of absolute gravity stations in
Argentina, Brazil, Uruguay and Ecuador using FG5 – 223 of National
Observatory (Rio de Janeiro – Brazil). Besides, a relative gravity campaign to
connect the nationals networks will be also done.
- 2008: Absolute gravity measuring campaign using A10-011 of National
Observatory (Rio de Janeiro – Brazil) at tide gauges and permanent GPS
stations.
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Activities of IAG Subcommission 2.2:
Spatial and Temporal Gravity Field and Geoid Modelling
Martin Vermeer
February 28, 2007
Abstract
The Subcommission’s work over the last four years is summarized. The subjects of study
are global and regional gravity modelling including topographic/isostatic modelling and the
problems of upward and downward continuation, BVP and spectral approaches; tides, geodynamics, gravity changes due to air and water movement, and related subjects.
Highlights of the reporting period were the symposia in Porto, Cairns and Istanbul. Technology wise, the most reportable developments are undoubtedly
1. the GRACE mission results, which are still being added to, giving an unprecedented
picture of the static global Earth gravity field as well as seasonal and other temporal
variations; and
2. the extensive use of airborne gravimetry, facilitated by real-time GPS positioning, for
regional and national gravimetric survey especially in heretofore unsurveyed areas.
The report refers to the Subcommission web site for a compilation of relevant publications by
Subcommission members and others over the reporting period.
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Reporting period

This report to the IUGG General Assembly in Perugia, Italy, covers the Subcommission’s history
from its official creation in Sapporo, Japan in 2003, up to the beginning of 2007.
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Terms of Reference

The subjects of study that the Sub-commission supports and promotes can be summarized, without
claim to completeness, as follows. Research work in the spatial domain concentrates on:
◦ Global and regional gravity modelling
◦ Topographic/isostatic modelling
◦ 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 include, among others, the following:
◦ Tides
◦ The effect of postglacial land uplift
◦ Time derivatives of the Jn
◦ Short/medium term gravity change due to movements of air and water
◦ Anthropogenic gravity changes.
1

3

Steering Committee and membership

Martin Vermeer (Chair) – Finland
Bernard Ducarme – Belgium
Michael Kuhn – Australia
Dimitrios Tsoulis – Germany. . . Greece
Bernhard Heck – Germany
Zdenek Martinec – Germany
Christopher Kotsakis – Canada

marti.vermeer@hut.fi
bernard@ksb-orb.oma.be
kuhnm@vesta.curtin.edu.au
tsoulis@topo.auth.gr
heck@gik.uni-karlsruhe.de
zdenek@gfz-potsdam.de
kotsakis@geomatics.ucalgary.ca

As for the Subcommission’s members, we have a mailing list of interested people in which no
distinction is being made between full and corresponding members. These are almost 40 people
that your chairman knows to be or have been active in the field of the Subcommission. During the
reporting period only part of these people actually responded to the initial invitation or otherwise
participated in the work.
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Activities

4.1
4.1.1

Subcommission
Porto

The main activity was undoubtedly our participation in the Porto International IAG Symposium
GGSM “Gravity, Geoid and Space Missions” in 2004 (http://www.fc.up.pt/ggsm2004/). At this
meeting, we organized a splinter meeting of the Subcommission, which was well attended. The
meeting produced a number of relavant presentations which found their way to the symposium
Proceedings. See our reference list.
4.1.2

Cairns

At the IAG Scientific Assembly “Dynamic Planet 2005” in Cairns, Australia, August 22-26, 2005
(http://www.dynamicplanet2005.com/), the Subcommission organized a splinter meeting, which
was reasonably well attended. A report on this meeting can be found on the Subcommission
website.
4.1.3

Istanbul

This meeting (http://www.igfs2006.org/), the first symposium of the International Gravity
Field Service, included a Session 10 on geodynamics and gravity change chaired by Martin Vermeer.
However, all sessions were more or less relevant:
◦ Session 1: Gravity field modelling from combination of local and satellite data
◦ Session 2: Regional geoid projects
◦ Session 3: Vertical datum and height systems
◦ Session 4: New global high-resolution gravitational models
◦ Session 6: Satellite altimetry
◦ Session 7: Airborne gravity
◦ Session 8: Terrain data and geopotential forward modelling
◦ Session 9: Absolute gravity and gravimetric networks.
Publication of Proceedings is in preparation; part of the presentations were submitted as
manuscripts to a peer review process, that has now been completed.
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4.1.4

Website

A Subcommission website has been functional: http://www.hut.fi/~mvermeer/IAGSC2.2.html,
which is continually under construction.
4.1.5

Contributions

The current report includes contributions by Michael Kuhn, Dan Roman, Dimitris Tsoulis,
Heiner Denker, Hussein Abdelmotaal and Artu Ellmann and Frank Lemoine.
◦ Dan Roman of the National Geodetic Survey, Washington DC, reported on the national geoid
determination effort [RWHH04], which includes airborne gravity missions in collaboration
with Naval Research Lab in the seas surrounding the country.
He and others (John Brozena) reported on airborne gravimetry work in the Gulf Coast
region: the coastal regions of the Florida panhandle, Alabama, Mississippi, and some of
Louisiana. Profiles were at above 10 km elevation and spaced 10 km part, which should
mitigate aliasing. There were 41 north-south trending tracks, each about 500 km long. The
total spatial coverage is then 400 km x 500 km.
The expectation is that these data will be used to
1. test various EGM’s based on GRACE data to find the most optimal (400-500 km correlates to degree 90-100, where GRACE is thought to be valid) and
2. locate and possibly fix any systematic errors in terrestrial and shipborne data.
◦ Michael Kuhn of Curtin University, Perth, Australia, reported on the free availability of the
Australian Earth Gravity Model; three publications related to it are [KS05, KF05, BKC+ 05].
◦ Dimitris Tsoulis, who is involved with a number of colleagues in finding ways of assessing available gravity field models by connecting them with known structures in the Earth’s
interior. This work relates to IAG Study Group 2.2, but also the the new satellite gravity
missions.
◦ Heiner Denker, who reported [?] on the European Gravity and Geoid Project, a regional
application in practice of the subject area of our Subcommission. The ambitious effort is
envisaged to exploit many different data types and several different techniques, but with a
focus on gravimetric-topographic geoid determination using remove-restore.
For the first time, also satellite mission data is included: already improvements by up to 60%
are seen when using GRACE data compared to the previous European geoid model EGG97,
while also systematic errors are substantially less. Accurate determination of W 0 will make
it possible to contribute to the establishment of a new, globally defined European vertical
datum.
The project is progressing well, and final geoid/quasigeoid computations are planned for
2007.
◦ Artu Ellmann reported on ongoing work of the Vancouver group, on subjects like gravity field studies, e.g., the Stokes-Helmert method of solving the geodetic BVP, and the
rigorous determination of orthometric heights.
◦ Hussein Abd-elmotaal has been active in Egyptian geod determination.
◦ Frank Lemoine referred to a first article ([RLK+ 05]) on the GRACE work, showing that
seasonal ground water variations in the Amazone and similar tropical river basins can be
monitored gravimetrically from space.

4.2

Scientific results

One major development in the field of study covered by the Subcommission was the explosion of
scientific studies prompted by the becoming available, during the reporting period, of CHAMP
and especially GRACE mission results. Currently superior models are available both for the static
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gravity field of the Earth – which already are finding their way into regional and national geoid
models – and the temporal variations, on land mostly related to hydrography.
We should mention (references in the on-line bibliography):
◦ The determination of ever more precise global geopotential and geoid models, especially from
GRACE
◦ Their validation against, e.g., GPS and DORIS results
◦ The successful monitoring by GRACE satellite gravimetry of ground and ocean water level
variations of various kinds, including the wet and dry monsoons in various tropical river
basins
◦ The validation of these measurements against hydrological and ocean circulation models and
satellite altimetry
◦ Other methodogical studies.
Today we have proven techniques to robustly determine global geoid models at cm-level accuracy
up to harmonic degree 150, and study seasonal ground water variations on the several-mm level
on subcontinental (river basin) scales.

4.3

IAG Study Group 2.2

This study group, “Forward Gravity Field Modelling Using Global Databases”, chairman Michael
Kuhn, reports separately. This section presents the abstract of his report, slightly edited.
“Today an increasing number of databases with ever increasing resolution are available that describe
the Earth’s shape and internal structure. These databases include high resolution digital elevation
models (DEM) such as the latest release of SRTM-derived DEMs, bathymetric models of the world’s
oceans and models describing the geological and geophysical structure (e.g. density distribution)
of the Earth’s crust and mantle. The increasing number of these data allows for the use of forward
gravity field model techniques (direct application of Newton’s integral) being of great significance
to gravity field modeling and interpretation. Furthermore, the comparison of the forward modeling
results with existing gravity field models reveals useful information on the Earth’s interior as well
as the validity of the forward gravity modeling techniques.
The International Association of Geodesy (IAG) Study Group 2.2 is concerned with the employment of forward gravity modelling techniques to recently released global digital databases for
gravity field recovery and interpretation. The key points the study group were focusing at are (i)
the construction of forward gravity field models, (ii) the interpretation and application of forward
modelling results, and (iii) the studying of forward modelling techniques. This contribution summarizes the activities of the study group over the last four years since its creation at the IUGG
General Assembly at Sapporo in 2003. “
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Publications

Lists of publications were provided by many members of the Subcommission.
At the Subcommission’s web site, at http://www.hut.fi/~mvermeer/bib2html/index.html, can
be found a richly cross-refererenced list of publications by members of the Subcommission (and
others) that are relevant to the field of the Subcommission according to the Terms of Reference.
The list includes the presentations at the various IAG symposia relevant to the work of the Subcommission (Porto, Cairns, Istanbul). This list will be updated before the General Assembly to
reflect current status.
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Appendix 3
Sub-Commission 2.3 – Dedicated Satellite Gravity Mapping Missions
Commission 2 (Gravity Field)
International Association of Geodesy (IAG)
Report 2006
http:/www.deos.tudelft.nl/~pieter/IAG/sc23.htm
Pieter Visser (chair)
Members:
Pieter Visser
(DEOS/Netherlands,
chair)
Srinivas Bettadpur
(CSR/U.S.A.)
Thomas Gruber
(IAPG/Germany)
Cheinway Hwang
(NCKU/Taiwan)
Radboud Koop
(SRON/The
Netherlands)
Nico Sneeuw
(GIS/Germany)
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Activities/milestones:
• The sub-commission members have all been actively involved in further
analysis of CHAMP and GRACE data. Highlights include strongly improved
GRACE-based temporal gravity solutions, both on a regional and global scale.
Especially, significant progress has been made in applying GRACE gravity
field solutions for mass balance studies in for example the Arctic areas. The
dedicated current (CHAMP, GRACE) and future (GOCE) gravity missions
have stimulated new theoretical developments (inverse modeling, de-aliasing,
etc.). This has been the focus of a special issue of the Journal of Geodesy.
• The GRACE project delivered new and improved (Release-04) gravity field
products to the user community. In addition, GRACE and GOCE mission
team members participated in each other's Science Team meetings at the end
of 2006. The intention is to ensure that optimal quality data are collected from
both missions to maximize science returns.
• The joint Taiwan-US mission FORMOSAT-3/COSMIC was launched
successfully on April 17, 2006, deploying six micro-satellites at altitudes
ranging from 525 to 800 km and at an inclination of 72o in the final mission
phase. Two patch antennae, mounted on the upper part of the main body, are
for precise orbit determination (POD). Successful POD and gravity field
retrievals have already been carried out. Information about the status and data
acquisition is available at the web site of Taiwan's National Space
Organization (NSPO): http://nspo.org.tw.
• A consortium of 9 European geodesy and geo-science groups, including 4
from the members of this sub-commission (IAPG, SRON, DEOS, GIS), have

•

been granted an ESA study on "Monitoring and modeling Individual Sources
of mass Distribution and Transport in the Earth System by Means of
Satellites", which focuses on future GRACE and GOCE follow-on Earth
gravity missions. Gravity is playing more and more an important, if not crucial
role in the earth sciences necessitating such follow-on missions.
Most sub-commission members attended the 3rd International GOCE User
Workshop in November 2006 in Frascati, Italy, and presented the latest results
and status reports on preparations of the use of GOCE gravity field data.
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Gruber Th, and Rummel R (2006), Concept and Capability of GOCE; Proceedings of
the Workshop: GOCINA - Improving Modelling of Ocean Transport and Climate
Prediction in the North Atlantic Region using GOCE Gravimetry; Eds. Knudsen,
Johanessen, Gruber, Stammer, van Dam; Cahiers du Centre Europeen de
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Appendix 4
Activity Report of Sub-Commission 2.4 "Regional Geoid Determination"
for the period: January 2006 - April 2007
General organization, overview
Sub-Commission 2.4 was initiated after the IUGG General Assembly in Sapporo (2003) and
covers the following principal objectives:
− coordination of regional geoid projects
− 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 topography, integration of geoid models
in GPS receivers, vertical datums
− other topics: topographic effects, downward and upward continuation of terrestrial,
airborne, satellite data specifically as applied to geoid modeling
The steering committee of SC 2.4 is formed by the chair and the leaders of the SubCommission projects:
Urs Marti
chair
Heiner Denker
CP 2.1: European Gravity and Geoid Project (EGGP)
Marc Véronneau CP 2.2: North American Geoid Project
Charles Merry
CP 2.3: African Geoid Project
Mirko Scheinert
CP 2.4: Antarctic Geoid Project (AntGP)
Denizar Blitzkov CP 2.5: Gravity in South America and South American Geoid
Bill Kearsley
CP 2.6: Southeast Asian Geoid
There has been no official meeting of the steering committee during the reporting period but
there have been many informal contacts per e-mail and during the IGFS Symposium "Gravity
Filed Of The Earth" (GGSM2004) in Istanbul (August 28 - September 1 2006). The web-site
of SC2.4 can be found at http://www2.swisstopo.ch/um/sc24.htm, where the reports of the
projects and several other information can be found.

Areas covered by the Commission 2 Projects

Meetings, Workshops
1

The principal meeting of SC2.4 during the reporting period (2006) was the IGFS Symposium
in Istanbul (http://www.igfs2006.org/) where sessions 2 "Regional Geoid Projects" and
session 1 "Gravity field modelling from combination of local and satellite data" covered many
parts of the SC2.4 objectives.
Some special meetings of the Commission projects were the following:
CP2.1:
August 2006, Istanbul
CP2.2:
only e-mail contacts
CP2.3:
April 2006, Cairo
CP2.4:
July 2006, Hobart
August 2006, Istanbul
October 2006, Dresden
CP2.5:
September 2006, Buenos Aires
CP2.6:
August 2005, Cairns
June 2006, Ulaanbaatar, Mongolia

Measuring Campaigns, computational efforts
The project CP2.1 (European Gravity and Geoid) invited national representatives to
become members to the project. About 30 countries answered positively and a meeting with
these national representatives was held at the IGFS meeting in Istanbul (August 2006) where
possibilities to improve the data set (gravity and terrain models) were discussed. For many
countries the gravity data set could be significantly improved and additional data from the
arctic region and of ship gravimetry could be obtained. For many regions new DTMs became
available and can be used in the project. Mainly for comparison reasons, a GPS-leveling data
set from the EUVN-DA project can be used. It is planned to include this data set for a further
improvement of the geoid in a future step. Several preliminary quasigeoid / geoid models with
different data sets and global models have been produced. A test data set for comparing
different geoid computation methods has been provided by H. Duquenne.
For the CP2.2 (North American Geoid) each partner (Canada and USA) continue their work
on the National geoid model and height systems. A draft paper of the Canadian geoid model
CGG2005 is available. Mexico showed some interest for a collaboration in a project for a
common North American geoid and height system.
The African Geoid project collected SRTM terrain data and the new GRACE global models.
National geoid models for Egypt, Algeria and South Africa have been computed, as well as a
model for the whole continent with the improved terrain data set and the GRACE global
models.
The project CP2.4 (Antarctic Geoid) is advancing well and many projects and activities are
related with the International polar year (2007/2008). Planned aero-geophysical and aerogeodetic surveys will provide new data and allow to fill the existing data gaps. The project is
now ready to start the build-up of a suitable data-base. Many coordination discussions at
meetings between several active institutions could be held.
For the project CP2.5 (Gravity and Geoid in South America) a new gravity network in
Ecuador has been established and evaluated and a new geoid model for Argentina and Brazil
was determined. Absolute gravity measurements have been performed in several countries. A
symposium on GRAVITY AND GEOID IN SOUTH AMERICA' was held in Buenos Aires.
In the period 2003-2007, it has been difficult, given the geopolitical, financial and other
pressures, to arrange specific meetings of the parties interested the Southeast Asian Geoid
2

project. A paper on the aims, objectives and problems of Commission 2, CP2.6 was presented
at the meeting of the PCGIAP (United Nations Permanent Committee on Geographic
Information Infrastructure for the Asia-Pacific) in Cairns. A further important meeting was
held in Ulaanbaatar, where the focus was on the unification of height systems in Asia and
geoid knowledge in this region.

Future plans
The European Geoid project advances well. A new solution will be presented at the IUGG
general Assembly 2007. The project chair likes to continue the project after 2007 for another
four years for further improvements of the model with new data and to integrate GPS/leveling
measurements.
The chair of the North American geoid project does not want to continue this project in its
present form. Either a new chairman has to be found or this IAG project has to be stopped in
2007. In any case, the discussions between the USA, Canada and Mexico for a common North
American geoid and height system will continue.
In Africa, the main difficulty for an improvement of the geoid model is the lack of accurate
data. This situation is unlikely to change unless major sponsors are able to support airborne
gravity surveys in the worst-affected areas. The alternative is to wait and hope for the results
of the GOCE mission.
The Antarctic Geoid Project is advancing well, especially with the activities of the
International Polar Year 2007/2008. This long term project should be continued in the next 4
year period. Planned activities are already included in the actual terms of reference and
include among others the promotion and realization of gravimetric surveys and the build-up of
data bases.
In South America, the budget for new absolute gravity measurements for 2007 and 2008 has
been approved. In 2007 the focus will be on the re-occupation of existing absolute stations
and on the connection of national gravity networks. In 2008, observations at tide gauges and
permanent GPS stations are planned.
One important outcome for the South-East Asian geoid project at the meeting in Ulaanbaatar
was that it would be an important step to extend the geographical scope of the subcommission into the whole of Asia, and to perhaps encompass the whole region covered by
the PCGIAP. However it should be recognized that some national authorities are extremely
cautious over sharing data etc. so this idea may not be practical.
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Selected publications (see also proceedings of the IGFS2006 symposium )
Abd-Elmotaal, H. 2006. High-Degree Geopotential Model Tailored to Egypt. Presented at the 1st
International Symposium of The International Gravity Field Service (IGFS), Istanbul, Turkey,
August 28 – September 1, 2006.
Abd-Elmotaal, H. 2006. High-Degree Tailored Reference Geopotential Model for Egypt. Presented at
the 22nd Annual Meeting of the Egyptian Geophysical Society, Cairo, Egypt, April 11 – 12,
2006.
Abd-Elmotaal, H. and Kühtreiber, N. 2006. Modified Stokes' Kernel versus Window Technique:
Comparison of Optimum Combination of Gravity Field Wavelengths in Geoid Computation.
Presented at the 1st International Symposium of The International Gravity Field Service (IGFS),
Istanbul, Turkey, August 28 – September 1, 2006.
Anschütz, H., Eisen, O., Rack, W. and Scheinert, M. (2006). Periodic surface features in coastal East
Antarctica. Geophys. Res. Lett., 33:5, L22501, doi: 10.1029/2006GL027871.
Benahmed Daho, S.A., Kahlouche, S., Fairhead, J.D. 2006. A procedure for modelling the differences
between the gravimetric geoid model and GPS/Levelling data with an example in the North part
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130. IAG Symposia. Springer. Austrália.
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Operations in Polar Regions: Status and Future Prospects. Bremerhaven, May 09-11, 2005.
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Appendix 5
Report of the IAG Study Group 2.2 on

Forward Gravity Field Modelling
Using Global Databases
http://www.cage.curtin.edu.au/~kuhnm/IAG_SG2.2/index.html
Michael Kuhn (Chair) (M.Kuhn@curtin.edu.au)
Western Australian Centre for Geodesy, Perth, Australia
Dimitrios Tsoulis (Vice-Chair) (tsoulis@topo.auth.gr)
Aristotle University of Thessaloniki, Greece
Period Covered: 2003-2007

Important Note: This report has been prepared by the chair and vicechair and is mostly based on information and feed-back obtained from
members of the study group. Therefore, likely it will not cover the
whole range of activities of all members, for this we would like to
apologize. However, we hope that the most important aspects of the
study groups activities and achievements are reflected by this report.

1. Introduction
This document presents the status report of the work undertaken by the IAG Study Group 2.2
since its creation in August 2003 after the IAG Executive Meeting during the XXIII General
Assembly of the IUGG at Sapporo. The Study Group (SG) can be partly seen as a
continuation of IAG Special Study Group 3.177 with special focus on forward modelling.
During the period 2003 – 2007 the Study Group established its terms of references, organized
its membership structure, created an internet website, held three official meetings, organized
one conference session and its members were present at a number of different conferences
and workshops. Apart from study group related activities it is acknowledged that there are
noticeable activities accomplished by individuals outside of this study group showing the
importance of the topic (see references not related to members of the study group).
A vast number of data describing the Earth’s shape and internal structure (e.g. elevation,
density and other geophysical parameters) are currently available. Several of these data are
given globally with a continuously increasing resolution. For example the latest release of
SRTM-derived terrain models (e.g. Farr et al. 2007) provide an almost continuous view of the
global topography with the rather high resolution of 3-arc-sec by 3-arc-sec. Apart from many
different Digital Elevation Models (DEMs) available there also exist global geological and
geophysical data sets describing the Earth’s interior with the 2-deg by 2-deg global crustal
database CRUST 2.0 (Mooney et al. 1998) as a prominent model. The increasing number of
these data allows the use of forward gravity modelling techniques (direct application of
Newton’s integral) in order to perform gravity field recovery and interpretation. Forward
modelling results were and still are of great importance in geodetic as well as geophysical
gravity field modelling (e.g. Tsoulis and Kuhn 2006). Furthermore, the comparison of
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forward gravity modelling results with existing gravity field models obtained from
observations such as models obtained from the geodetic satellite missions CHAMP, GRACE
and in future GOCE can reveal useful information on the dynamics of the Earth’s interior as
well as the validity of forward gravity modelling techniques.

2. Primary Objectives of the Study Group
The primary objective of this SG has been to investigate the use of different global datasets
describing the Earth’s shape and internal mass distribution for gravity field recovery and
interpretation, using forward gravity modelling techniques (direct application of Newton’s
integral). Special focus of the SG was on the employment of high-resolution digital elevation
models as well as datasets on the structure of crust and mantle to recover high-frequency
information of the Earth’s gravity field and to investigate whether these data can be used to
study the behaviour of gravity inside the (topographic) masses. Furthermore, the SG tried to
scrutinize existing and alternative approaches used in forward gravity modelling.
Summarising, the SG’s main generic objectives were as follows:
• Construction of forward gravity field models using geophysical data
• Interpretation of forward gravity field modelling results
• Application of forward modelling results in gravity field determination

3. Membership Structure
It is acknowledged that the SG’s members have a wide ranging background from geodesy
over geophysics to mathematics. Officially, the members have been divided into full or active
members and corresponding members. However, no distinction has been done here as it is
acknowledged that the same degree of activity has been demonstrated from both types of
members.
Chair:
Vice-chair:

Michael Kuhn (Australia)
Dimitrios Tsoulis (Greece)

Full Members:

Hussein Abd-Elmotaal (Egypt)
Giampietro Allasia (Italy)
Heiner Denker (Germany)
Pavel Nóvak (Czech Republic)
Spiros Pagiatakis (Canada)
Nikolaos Pavlis (USA)

Corresponding
Members:

Irek Baran (Australia)
Miroslav Bielik (Slovak Republic)
William Featherstone (Australia)
Jakob Flury (Germany)
Simon Holmes (USA)
Michael Kern (Austria)
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Gabor Papp (Hungary)
Dan Roman (USA)
Kurt Seitz (Germany)
Gyula Tóth (Hungary)
Yan Wang (USA)

Jon Kirby (Australia)
Roland Pail (Austria)
Gabriel Strykowski (Denmark)
Tony Watts (UK)
K. Insa Wolf (Germany)

4. Activities of the Study Group
The material presented here has been mostly compiled from information and feed-back
obtained from members of the study group throughout the period covered. In addition it also
contains information of the most important activities of the SG such as the organization of
session 8 on “Terrain data and geopotential forward modeling”, held in 2006 at the 1st
International Symposium of the International Gravity Field Service (IGFS), in Istanbul,
Turkey.
4.1 Forward Gravity Modelling – Theory and Practical Application
Forward gravity modelling was and still is a central part of most techniques that model the
Earth’s gravity filed. In the past few years an increasing interest in forward gravity modelling
could be recognized, which is partly due to the availability of results from the new geodetic
satellite gravity missions (Champ, GRACE and in future GOCE) as well as the increasing
availability of topography, density and other geophysical data describing the Earth’s interior
with ever increasing resolution. In Geodesy and geophysics, great part of forward modelling
techniques are dedicated to the evaluation of terrain corrections or reductions (e.g. Takin and
Talwani 1966, Zhou et al. 1990, LaFehr 1991, Parker 1995, 1996, Li and Chouteau 1998,
Nowell 1999, Chakravarthi 2002, )
The evaluation of gravitational potential and/or attraction using methods different to the
classical application of some sort of numerical integration has been investigated. In this
regards analytical integration formulae can be regarded as an alternative to numerical
integration techniques. These techniques usually have the advantage that the computational
effort is much decreased with respect to classical numerical integration techniques. An
analytical approach to approximate potential integrals has been presented by Allasia (2002)
that can be applied to Newton’s integral. Furthermore, Allasia (2004), Allasia and Besenghi
(2004) and De Rossi (2004) developed and applied different algorithms for the approximation
of surface data. Furthermore, analytical solutions of Newton’s integral in terms of polar
spherical coordinates have been presented by Tenzer et al. (2007).
A new space domain method for forward gravity modelling has been outlined by Strykowski
(2003, 2006). Compared to classical forward modelling techniques such as the application of
rectangular prisms the new method has considerable computational advantages as
complicated mass density models of almost arbitrarily structure can be used without increased
computational effect with respect to more simplified structures. This is achieved by a precomputation and storage of the given mass density distribution, thus it is not necessary to
calculate the source attraction for each field point separately. The mathematical formulation
is based on power series expansions of the reciprocal distance function. The paper outlines
the mathematical structure of the method and demonstrates that it can be used for gravity
forward modelling. However, the method still lacks of an intelligent strategy to store the
integrated mass density information and the brute-force implementation will not work
because of the dimensionality of the problem is too big.
Different collaborative research between members of the SG took place over the last four
years that explored aspects of forward gravity modelling techniques (Kuhn and Featherstone
2003a, Kuhn and Seitz 2005) and the application of regional and global data sets for gravity
field recovery (Kuhn and Featherstone 2005, Tsoulis and Kuhn 2006). The optimal spatial
resolution of crustal mass distributions for forward modelling has been discussed by Kuhn
and Featherstone (2003a) while Kuhn and Seitz (2005) compare the solution of Newton’s
integral in the space and frequency domains. Wild-Pfeifer and Heck (2006) compared
different methods for modelling mass density effects in the space and frequency domains in
view of modelling topographic and isostatic effects in satellite gravity gradiometry
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observations. Both Kuhn and Seitz (2005) and Wild-Pfeifer and Heck (2006) use tesseroids
in the space domain and a spherical harmonic representation of Newton’s integral in the
frequency domain. Tsoulis and Kuhn (2006) provide a review on recent developments in
forward gravity modelling and its application for synthetic Earth gravity modelling and
gravity recovery.
A review on the global evaluation of Newton integral in (Gauss) geodetic coordinates is given
by Vajda et al. (2004). Using an exact formulation as well as spherical approximation various
topographical corrections are addressed in terms of their definition, upper and lower
topographic boundary and density used. Numerical aspects of the evaluation of the Newton
integrals, such as the weak singularity treatment, split-up into spherical shell and terrain
terms, and a requirement to integrate over the whole globe are adressed as well. Special
attention is given to the so-called ellipsoidal topography of constant density. Furthermore, the
ellipsoidal representation of the topographical potential and its vertical gradient has been
studied by Novák and Grafarend (2005). Fast algorithms for the computation of the second
order derivatives of the Disturbing Potential have been analysed by Abd-Elmotaal (2005a).
4.2. Gravity field modelling
Efforts have been put on the investigation of different modelling techniques for precise
gravity field modelling (e.g. Kuhn 2003, Tsoulis 2003, Tsoulis and Tziavos 2003, Tsoulis et
al. 2003). The application of polyhedron volume elements (PVEs) has been proven to provide
a more precise geometrical description of the topographic surface than the description by
rectangular parallelepiped (prism) models. The use of density models based on PVEs provides
smoother and more realistic field structure for the second derivatives of the disturbing
potential than the one provided by a prism model. An effort was made to compute synthetic
vertical gravity gradients from a polyhedron model of the topography in a local area of
Hungary (Benedek 2004). The resolution of the model used was 10 m x 10 m in a 20 km
distance around the computation points. The results of simulation were compared to the data
obtained from the prism model of the topography and the in situ VG measurements. Apart
from a shift the field structure generated by the polyhedrons fit to the VG measurements
sufficiently (±136 E in a range between 3800 E and 3200 E).
If the calculation level is close to the surface of topography, then the accuracy of gravity
related quantities (e.g. gravity anomaly, gravity disturbance) can be improved significantly by
a detailed description (e.g. by polyhedrons) of this surface in the vicinity of the calculation
point. The improvement is in the range of a few cm in terms of geoid undulation and it shows
a clear correlation with the height and its variability (e.g. Tsoulis 2003).
Gyula Tóth provided FORTRAN90 software routines for the computation of the gravitational
effect of a polyhedral mesh. The software as well as a Power Point presentation can be
downloaded form the SG’s webpage (see section 4.7 below).
Rózsa and Tóth (2007) determine the effect of topographic masses on the second derivatives
of gravity potential using rectangular prism and tesseroid bodies. Numerical results based on
the global DEM ETOPO5 show that the effects can reach significant levels of 10 Eötvös in all
gravity gradients at the altitude level of LEOs. Furthermore, Tóth and Völgyesi (2007) apply
surface gravity gradient measurements in local gravity filed modelling over Hungary.
High frequency terrain effects over Germany based on a high resolution DEM (1-arc-sec by
1-arc-sec) have been studies in view of removing those effects from future GOCE data (Voigt
and Denker 2006). The high frequency effects have been derived for gravity anomalies,
deflections of the vertical and geoid heights. The major aim of the study was the derivation of
optimal resolutions of terrain data for given accuracy levels. Another study used high
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resolution gravity and elevation data in order to look at their effect on local gravity parameters
(Novák 2006)
A probabilistic inversion method was developed and tested in a mining area of Western
Australia (Strykowski et al. 2005). It is based on the iterative statistical analysis of the misfit
between the observed gravity field and the superimposed response of a number of elementary
prismatic sources (rectangular parallelepipeds). The a priori model should rely on some
geological information giving the approximate 3D extension of the source. The method is
applicable if the gravitational effect of the source body to be determined can be isolated from
the regional gravity signal and from the signals of other local sources. For this purpose a socalled multi-scale edge technique is used.
Looking forward to accessing the on board gradiometer data of GOCE the possibility of their
geophysical inversion was investigated in the Alps-Pannonian-Carpathians region (Benedek
and Papp, 2006). Here a detailed 3D model of the lithosphere is available and its
improvement is desired. The spectral and space domain investigations show that a reliable
estimation (±25-50 kg/m3) of the density contrast on the Moho discontinuity will be possible
even if planar (prism) approximation is used for the inversion. For this purpose the
gravitational effect (the second derivatives of the disturbing potential T) of both the
topographic masses and the well explored Neogene-Quaternary sediments have to be removed
from the satellite observations. The amplitude of the gravitational signal generated by the
Moho and the surface topography may reach 1 Eötvös unit at satellite altitude. The effect of
the sedimentary complex is less by about one order of magnitude. The planar approximation
however, may introduce about 10% systematic distortion of the simulated gravitational
gradients in the region investigated. Therefore the forward computations have to be
performed in a global Cartesian coordinate system utilizing the polyhedron approximation.
Some studies on the effect of topographical masses on airborne gravimetry (Novák et al.
2003) and space borne gravimetric and gradiometric data (Novák and Grafarend 2006) have
been performed. The latter study also includes effects form atmospheric masses. Gravity
reductions using a general method of Helmert’s condensation method have been studied by
(Novák 2007). Tenzer et al. (2003) studied the far-zone contribution to topographic effects
used in athe Stokes-Helmert geoid determination method.
Some SG members were also active in gravity field modelling using different gravity data and
geoid determination techniques, which is loosely associated to the aims of the group. Gruber
(2003) looked into global gravity field modelling techniques and Gitlein et al. (2005) studied
local geoid determination by the spectral combination technique. A comparison between
Stokes integration and the application of wavelet techniques for regional geoid modelling has
been performed by Roland and Denker (2005b). Kern (2004) made a comparison of data
weighting methods for the combination of satellite and local gravity data while Roman et al.
(2004) assessed the new U.S. National Geoid Height Model GEOID03. Long-period
temporal variations of the gravity field have been modelled by Abd-Elmotaal (2005b) and an
ideal combination of deflection of the vertical and gravity anomalies for precise geoid
determination have been studied by Kühtreiber and Abd-Elmotaal (2005). A preliminary
geoid model incorporating forward modelling results has been presented by Merry et al.
(2005).
4.3 Crustal and lithospheric modelling and interpretation
Studies have been dedicated towards the determination of the lithosphere's elastic thickness
and its anisotropic variations (Swain and Kirby 2003a, 2003b). This has largely been achieved
through development of a new wavelet-based analysis and inversion method (Kirby and
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Swain, 2004). A wavelet-coherence between Bouguer anomaly and topography/bathymetry
data is formed, using rotated 2D Morlet wavelets arranged in a 'fan'-geometry. Both isotropic
and anisotropic wavelet coefficients can be derived. These are then inverted against the
predictions of a thin elastic plate model, for elastic thickness in the isotropic case, and weak
rigidity direction and percentage anisotropy in the anisotropic case.
The method has been applied to synthetic data. These data are generated by loading an elastic
plate (of known rigidity) with two random fractal surfaces that represent the initial
topographic and Moho loads on the plate, and modelling the resultant deflections through a
finite-difference solution of the flexure partial differential equation. The post-loading
topography and Bouguer anomaly are then analysed with the wavelet method to give a
recovered rigidity, which agrees with the input rigidity to approximately 8% in the isotropic
case. For anisotropy, the recovered weak directions agree with the model to less than 1 degree
(Kirby and Swain, 2006; Swain and Kirby, 2006). The method has also been applied to real
data over Australia, Europe, and North and South America (Tassara et al, 2007).
A significant contribution to gravity field recovery can be provided by the development of socalled topographic / isostatic gravity models, which are the result of forward gravity
modelling mass density information on the Earth’s topography and crust. Several such
models have been constructed and analysed using various data sources and/or different
istostatic compensation models (e.g. Tsoulis 2005, Tsoulis and Stray 2005a,b). Forward
gravity modelling of crustal mass density information provided by the CRUST 2.0 global
database has been performed by Tsoulis (2004a, b), Kuhn and Featherstone (2005) and
Tsoulis et al. (2006). In Tsoulis (2004a, b) the gravitational effect of crustal mass anomalies
have been analysed in the frequency domain using a spherical harmonic representation of
Newton’s integral. The same approach has been used in Kuhn and Featherstone (2005) in the
development of a global forward gravity filed model (see section 4.5 below). Tsoulis et al.
(2006) apply CRUST 2.0 for gravity field modelling over the Hellenic area and results in
terms of isostatic gravity anomalies have been compared to two other independent method of
determining the Moho discontinuity. Other contributions look at the isostatic response of the
Earth’s crust derived from inverse isostasy (Abd-Elmotal 2004) and the use of Moho depths
in geoid determination (Abd-Elmotaal 2003, Abd-Elmotaal and Kühtreiber 2003).
4.4 DTM Creation and Validation
Major contributions of SG members in the creation and validation of DTMs have been made.
The development of a new global Digital Topographic Model (DTM2006.0), which
incorporates the available SRTM data, as well as improved elevation data over Greenland and
(parts of) Antarctica. DTM2006.0 was compiled in 30", 2', 5', 30', and 1° resolution. As with
previous DTM compilations, this model provides information about terrain types, lake depths,
and ice thickness (Pavlis et al. 2006a). A technique has been development and implemented
that spectrally combines low degree gravity anomaly information, with high degree
information implied by Residual Terrain Model (RTM) effects, to create "synthetic" gravity
anomaly values over areas where gravity anomaly data are unavailable. These "synthetic"
gravity anomaly values were necessary to develop gravitational model solutions complete to
degree 2160, with proper spectral characteristics (Pavlis et al. 2006b).
A high resolution (1-arc-sec by 1-arc-sec, approx. 30 m by 30m) over Germany has been used
to evaluate the currently released 3-arc-sec by 3-arc-sec SRTM terrain models (Denker 2005).
Some considerable differences were found with a standard deviation of the differences of
almost 8 m and maximum differences of up to 300 m. Further comparisons have been done
with the global 30-arc-sec by 30-arc-sec GTOPO30.
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4.5 Synthetic Earth gravity models: Derivation and validation
Two SEGMs have been developed at Curtin University of Technology since 2003 (Tsoulis
and Kuhn 2006) of which one is a global model called CurtinSEGM (Kuhn and Featherstone
2003b, 2005) and one is a regional model called AusSEGM (Baran et al. 2006) defined over
Australia only. The data for CurtinSEGM and AusSEGM are available via
http://www.cage.curtin.edu.au/~kuhnm/CurtinSEGM/ and as electronic supplementary
material from (Baran et al. 2006), respectively or from the corresponding authors of the
models.
A synthetic [simulated] Earth gravity model (SEGM) generates exact and self-consistent
gravity filed quantities and therefore is well suited to validate theories, algorithms and
software used in gravity field modeling. A SEGM can be constructed using observations of
the Earth’s gravity field itself (source model), a reasonably realistic mass density distribution
of the Earth’s interior (source model) or a combination of both.
CurtinSEGM is a global source model SEGM using realistic parameters about the Earth’s
internal structure. The gravity field of CurtinSEGM is based on mass-density information of
the topography, bathymetry, crust and mantle (Kuhn and Featherstone 2005), which have
been forward modeled using a spherical harmonic representation of Newton’s integral (e.g.
Kuhn and Featherstone 2003a, Kuhn and Seitz 2005). The model is given by a spherical
harmonic representation of the disturbing potential (up to and including degree an order
1440), which agrees reasonably well with empirical data such as given by EGM96.
AusSEGM is a regional SEGM over Australia using a combination of the source and effects
model approach (Baran et al. 2006), which is specifically designed to validate regional
gravimetric geoid determination theories, techniques and computer software. Currently
AusSEGM is applied to test the geoid determination techniques used at Curtin University to
construct the national geoid over Australia and at the University of New Brunswick to
construct the geoid over Canada. AusSEGM provides synthetic gravity filed functionals
(gravity, gravity anomaly and geoid height) on a regular 1-arc-min by 1-arc-min grid as well
as arbitrary points with similar distribution as observed gravity stations. The long-wavelength
effects part has been taken from an assumed errorless EGM96 (up to and including degree
and order 360). The latter is a reasonable assumption in the context of the construction of a
SEGM and ensures it replicates reasonably well the actual Earth’s gravity field. A highresolution (3-arc-sec. by 3-arc-sec) synthetic digital elevation model (SDEM), which is
essentially a fractal surface based on the GLOBE v1 DEM has been constructed over
Australia in order to model the short-wavelength source part of AusSEGM. Initial test have
shown that AusSEGM is accurate to at least 30 _Gal for gravity and gravity anomaly and 3
mm for the geoid height. Furthermore, a comparison of AusSEGM gravity values with
330,929 measured gravity values over Australia provided by Geoscience Australia
(http://www.ga.gov.au/oracle/index.jsp) show a rather good agreement with most of the
differences being less than 20 mGal (99.3 % of all values).
The results from a combination of geopotential model with regional terrestrial gravity data
was investigated in Wolf and Denker (2005), Wolf (2006) and Wolf and Kieler (2006) with
help of synthetic data including noise. Second order derivatives of the gravitational potential
were computed, two methods (spectral combination with integral formulas and least-squares
collocation) were applied (Wolf and Denker, 2005; Wolf, 2006). In the context of quasigeoid
computation the integration using kernel modifications and different dimensioning of the
integration area were investigated in (Wolf and Kieler, 2006). Noise was generated for the
geopotential model as well as for the terrestrial gravity data in a correlated and uncorrelated
version. The closed-loop results were confirmed by statistical error assessment.
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4.6. Conference Contributions of SG Members
It is important to mention that apart from the contributions mentioned above many members
of the SG were very active through presentations at several national and international
conferences and workshops. However, these contributions are too numerous to mention them
in detail here but titles are generally available through the group members own personal
webpages.
4.7 Study Group Webpage
A webpage of the group’s activities has been created, which summarises the activities of the
SG as well as a list of relevant publications. Two mirrored versions of the web-page are
located at Curtin University of Technology, Perth, Western Australia, as well as Aristotle
University of Thessaloniki, Greece.
See html addresses:
http://www.cage.curtin.edu.au/~kuhnm/IAG_SG2.2/intex.html
http://users.auth.gr/~tsoulis/IAG_SG2.2/index.html
4.8 Meetings of the Study Group
During the period covered the SG had three official meetings of which the minutes are
available from the SG’s webpage.
1. Gravity, Geoid and Space Missions - GGSM2004. Porto, Portugal, August 30th to
September 3rd, 2004.
2. Dynamic Planet 2005 Monitoring and Understanding a Dynamic Planet with Geodetic
and Oceanographic Tools, Cairns, Australia, 22-26 August 2005
3. First International Symposium of the International Gravity Field Service (IGFS2006),
August 28 - September 1, 2006, Istanbul, Turkey.
4.9 Conference Sessions
At the 1st International Symposium of the International Gravity Field Service (IGFS2006) the
SG initiated session 8 on “Terrain data and geopotential forward modelling”, which was
convened by Michael Kuhn and Dimitrios Tsoulis. The session became an optimal platform
for the group’s members to present their current results, giving also the opportunity to other
individuals to present their latest research in this field. The session attracted a total of 24
contributions (9 oral and 15 poster presentations). 11 authors responded positively to the call
for submission of papers for inclusion to the Conference’s Proceedings. All papers were led to
a peer-reviewing process, after which 10 papers were accepted for publication. Our overall
experience, judging from the quality and high standards of all presented papers, is that the
SG’s Session 8 has been receiver very well and was overall a success.

5. Future Work
The activity of the SG demonstrates that forward gravity modelling is a highly important topic
in geodesy as well as other geo-sciences most notably geophysics. Obviously, this will not
change in the foreseeable future. While the SG did not achieve all original aims manifested in
its terms of references it contributed much to this topic warranting the recommendation of its
continuation for another term of four years.
Some of the topics the SG could focus on during a second term could be:
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•
•
•

•
•

Evaluation of the high resolution SRTM terrain data in terms of forward gravity
modelling. This includes the modelling or recovering of very high gravity signals or
the detection of errors in the DTM.
Global, regional and local gravity field recovery using forward gravity modelling
results of the Earth’s topography, crust and interior.
Development and application of Synthetic Erath Gravity Models (SEGMs) based
completely on forward gravity modelling. Applications could focus on the validation
of techniques used to analyse data of the new geodetic satellite missions CHAMP,
GRACE and in future GOCE, such as the derivation of mass changes from time
varying gravity observations.
Forward modelling of gravity inside the topographic masses.
Overview/Summary/Collection of forward gravity modelling techniques including the
comparison of forward gravity modelling software.

6. Publications
The following list of publication summarizes the ongoing activities of the SG members. It
contains publications that were obtained by the chair up until the date of this report and
demonstrates the increased activity of the members on the SG’s core issues (publications of
SG members are marked by an “*”). In addition the list contains some selected publications
of individuals outside the group demonstrating the importance of the topic of forward
modelling.
*Abd-Elmotaal H (2003): Implementing Seismic Moho Depths in Geoid Computation.
Survey Review, Vol. 37, No. 289, 235–245.
*Abd-Elmotaal, H. (2004) Isostatic Response of the Earth’s Crust Derived by Inverse
Isostasy. Journal of Geodynamics, Vol. 37, No.2, 139–153.
*Abd-Elmotaal H (2005a): Fast Algorithm for Computing the Second Order Derivatives of
the Disturbing Potential. Bollettino di Geodesia e Scienze Affini, Vol. 64, No. 4, 191–210.
*Abd-Elmotaal, H. (2005b) Modelling the Long-Period Temporal Variation of the Gravity
Field. Bollettino di Geodesia e Scienze Affini, Vol. 64, No. 2, 77–91.
*Abd-Elmotaal, H. and Kühtreiber, N. (2003) Geoid Determination Using Adapted Reference
Field, Seismic Moho Depths and Variable Density Contrast. Journal of Geodesy, Vol. 77,
77–85.
*Allasia G (2002): Approximating potential integrals by cardinal basis interpolants on
multivariate scattered data. Computers and Mathematics with Applications 43(3-5): 275287.
*Allasia G (2004): Recursive and parallel algorithms for approximating surface data on a
family of lines or curves. In P. Ciarlini et al. (eds.): Advanced mathematical and
computational tools in metrology VI, World Scientific, 2004, pp. 137-148.
*Allasia G, Besenghi R (2004): Approximation to surface data on parallel lines or curves by a
near-interpolation operator with fixed or variable shape parameters. International Journal
of Computational and Numerical Analysis and Applications, Vol. 5 No. 4 (2004), 317337.
Benedek J (2004): The application of polyhedron volume element in the calculation of gravity
related quantities. In: Meurers B (ed.), Proceedings of the 1st Workshop on International
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Gravity Field Research, Graz 2003, Special Issue of Österreichische Beiträge zu
Meteorologie und Geophysik, Heft 31., pp. 99-106.
*Benedek

J, Papp G (2006): Geophysical Inversion of On Board Satellite Gradiometer Data:
A Feasibility Study in the ALPACA Region, Central Europe. In A. Kılıço_lu R. Forsberg
(eds.): Gravity Field of the Earth, Proceedings of the 1st International Symposium of the
International Gravity Field Service (IGFS), 28 August – 1 September, 2006, Istanbul,
Turkey (accepted).

*Baran I, Kuhn M, Claessens S, Featherstone WE, Holmes SA, Vaní_ek P (2006): A
synthetic Earth gravity model specifically for testing regional gravimetric geoid
determinations. Journal of Geodesy, DOI 10.1007/s00190-005-0002-z (with electronic
supplement material).
Chakravarthi V, Raghuram HM, Singh SB (2002): 3-D forward gravity modelling of
basement interfaces above which the density contrast varies continuously with depth.
Computers & Geosciences 28: 53-57.
*Denker H (2005): Evaluation of SRTM3 and GTOPO30 terrain data in Germany. In: C. Jekeli,
L. Bastos, J. Fernandes (eds.): Gravity, Geoid and Space Missions - GGSM2004, IAG
Internat. Symp., Porto, Portugal, 2004, IAG Symp., Vol. 129, 218-223, Springer Verlag,
Berlin, Heidelberg, New York.
De Rossi A (2004): Spherical interpolation of large scattered data sets using zonal basis
functions. Proceedings of the sixth International Conference on Mathematical Methods for
Curves and Surfaces, July 1-6, 2004, Tromsø, Norway.
Farr TG, et al. (2007): The Shuttle Radar Topography Mission. Rev. Geophys., 45, RG2004,
doi:10.1029/2005RG000183.
*Gitlein O, Denker H, Müller J (2005):. Local geoid determination by the spectral combination
method. In: C. Jekeli, L. Bastos, J. Fernandes (eds.): Gravity, Geoid and Space Missions GGSM2004, IAG Internat. Symp., Porto, Portugal, 2004, IAG Symp., Vol. 129, 179-184,
Springer Verlag, Berlin, Heidelberg, New York.
*Kern M (2004): A comparison of data weighting methods for the combination of satellite
and local gravity data. In: Sanso: V Hotine-Marussi Symposium on Mathematical
Geodesy. Vol 127. pp 137-144.
*Kirby JF, Swain CJ (2004): Global and local isostatic coherence from the wavelet
transform, Geophysical Research Letters, 31(24), L24608, doi: 10.1029/2004GL021569.
*Kirby JF Swain CJ (2006): Mapping the mechanical anisotropy of the lithosphere using a 2D
wavelet coherence, and its application to Australia. Physics of the Earth and Planetary
Interiors, Special Issue: Lithospheric Anisotropy, 158(2-4): 122-138.
*Kuhn M (2003): Geoid Determination with Density Hypotheses from Isostatic Models and
Geological Information. Journal of Geodesy, 77: 50-65, DOI:10.1007/s00190-002-0297-y.
*Kuhn M, Featherstone WE (2003a): On the optimal spatial resolution of crustal mass
distributions for forward gravity field modelling. In: Tziavos I.N. (ed) Gravity and Geoid
2002. 3rd Meeting of the International Gravity and Geoid Commission, Ziti Editions,
Greece, 195-200.
*Kuhn M, Featherstone WE (2003b): On the construction of a synthetic Earth gravity model.
In: Tziavos I.N. (ed) Gravity and Geoid 2002. 3rd Meeting of the International Gravity and
Geoid Commission, Ziti Editions, Greece, 189-194.

10

*Kuhn M, Featherstone WE (2005): Construction of a synthetic Earth gravity model by
forward gravity modelling. In F. Sansò (ed.): The Proceedings of the International
Association of Geodesy: A Window on the Future of Geodesy, IAG Symposia 128:350355, Springer Berlin, Heidelberg, New York.
*Kuhn M, Seitz K (2005): Evaluation of Newton's integral in space and frequency domain. In
F. Sansò (ed.): The Proceedings of the International Association of Geodesy: A Window
on the Future of Geodesy, IAG Symposia 128, Springer Berlin, Heidelberg, New York.
*Kühtreiber N, Abd-Elmotaal H (2005): Ideal Combination of Deflection Components and
Gravity Anomalies for Precise Geoid Computation. In Tregoning P and Rizos C (eds.):
Dynamic Planet Monitoring and understanding a Dynamic Planet with Geodetic and
Oceanographic Tools. IAG Symposia No. 130: 259-265.
LaFer TR (1991): Standardization in gravity reduction. Geophysics 56(8): 1170-1178.
Li X, Chouteau M (1998): Three-dimensional gravity modelling in all space. Surveys in
Geophysics 19: 339-368.
*Merry C, Blitzkow D, Abd-Elmotaal H, Fashir H, John S, Podmore F, Fairhead J (2005): A
Preliminary Geoid Model for Africa. In F. Sansò (ed.): The Proceedings of the
International Association of Geodesy: A Window on the Future of Geodesy, IAG
Symposia 128:374-379, Springer Berlin, Heidelberg, New York.
Mooney WD, Laske G, Masters TG (1998): CRUST 5.1: A global crustal model at 5º x 5º, J
Geophys Res, 103:727-747.
*Novák

P, Bruton AM, Bayoud FA, Kern M, Schwarz KP (2003): On numerical and data
requirements for topographical reduction of airborne gravity in geoid determination and
resource exploration. Bollettino di Geodesia e Scienze Affini 62: 103-124.

*Novák

P, Grafarend EW (2005): The ellipsoidal representaiton of the topographical potential
and its vertical gradient, J Geodesy 78: 691-706.

*Novák

P, Grafarend EW (2006): The effect of topographical and atmospheric masses on
spaceborne gravimetric and gradiometric data, Studia Geophysica et Geodaetica 50: 549582.

*Novák

P, Kern M, Schwarz K-P, Heck B (2003): Evaluation of band-limited topographical
effects in airborne gravimetry. J Geodesy 76: 597-604.

*Novák

P (2006): Evaluation of local gravity field parameters from high resolution gravity
and elevation data. Contributions to Geophysics and Geodesy 36: 1-33.

*Novák

P (2007): Gravity reduction using a general method of Helmert's condensation. Acta
Geodaetica et Geophysica Hungarica 42: 83-105.

Novell DAG (1999): Gravity terrain corrections – an overview. J Applied Geophysics 42:
117-134.
Parker RL (1995): Improved Fourier terrain correction, Part I. Geophysics 60(4): 1007-1017.
Parker RL (1996): Improved Fourier terrain correction, Part II. Geophysics 61(2): 365-372.
*Pavlis NK, Factor JK, Holmes SA (2006a): Terrain-related gravimetric quantities computed
for the next EGM. In A. Kılıço_lu R. Forsberg (eds.): Gravity Field of the Earth,
Proceedings of the 1st International Symposium of the International Gravity Field Service
(IGFS), 28 August – 1 September, 2006, Istanbul, Turkey (accepted).
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*Pavlis NK, Holmes, SA, Kenyon, SC, Factor JK (2006b): Towards the next EGM: Progress
in model development and evaluation. In A. Kılıço_lu R. Forsberg (eds.): Gravity Field of
the Earth, Proceedings of the 1st International Symposium of the International Gravity
Field Service (IGFS), 28 August – 1 September, 2006, Istanbul, Turkey (accepted).
*Roland M, Denker H (2005b): Stokes integration versus wavelet techniques for regional geoid
modelling. In: F. Sanso (ed.): A Window on the Future of Geodesy - Sapporo, Japan, June 30
- July 11, 2003, IAG Symp., Vol. 128, 368-373, Springer Verlag, Berlin, Heidelberg, New
York.
*Roman DR, Wang YM, Henning W, Hamilton J (2004): Assessment of the New National
Geoid Height Model - GEOID03. Surveying and Land Information Systems, 64, 3, 153162.
*Rózsa Sz, Tóth Gy (2007): The Determination of the Effect of Topographic Masses on the
Second Derivatives of Gravity Potential Using Various Methods. In Tregoning P and
Rizos C (eds.): Dynamic Planet Monitoring and understanding a Dynamic Planet with
Geodetic and Oceanographic Tools. IAG Symposia No. 130: 391-396.
*Strykowski G (2003): Fast continuous mapping of the gravitational effect of the terrain or
other sources. Proceedings of the 3rd meeting of the International Gravity and Geoid
Comission, GG2002, Aug. 26 - 30, 2002, Thessaloniki, Proceedings of the 3rd meeting
of the International Gravity and Geoid Comission, GG2002, Aug. 26 - 30, 2002,
Thessaloniki, I. Tziavos (ed.), Editions Ziti, pp. 347-352.
*Strykowski G (2006): Outline of a new space-domain method for forward modelling. In
A. Kılıço_lu R. Forsberg (eds.): Gravity Field of the Earth, Proceedings of the 1st
International Symposium of the International Gravity Field Service (IGFS), 28 August –
1 September, 2006, Istanbul, Turkey (accepted).
*Strykowski G, Boschetti F, Papp G (2005): Estimation of mass density contrasts and the 3D
shape of the source bodies in the Ylgarn area, Eastern Goldfields, Western Australia.
Journal of Geodynamics, 39. 444-460.
*Swain CJ, Kirby JF (2003a): The effect of ‘noise’ on estimates of the elastic thickness of the
continental lithosphere by the coherence method, Geophysical Research Letters, 30(11),
1574, doi:10.1029/2003GL017070.
*Swain CJ, Kirby JF (2003b): The coherence method using a thin anisotropic elastic plate
model, Geophysical Research Letters, 30(19), 2014, doi: 10.1029/2003GL018350.
*Swain

CJ, Kirby JF (2006): An effective elastic thickness map of Australia from wavelet
transforms of gravity and topography using Forsyth's method, Geophysical Research
Letters, 33(2), L02314, doi: 10.1029/2005GL025090.

Takin M, Talwani M (1966): Rapid computation of the gravitation attraction of topography on
a spherical Earth. Geophysical Prospecting 16: 119-141.
*Tassara

A, Swain CJ, Hackney RI, Kirby JF (2007): Elastic thickness structure of South
America estimated using wavelets and satellite-derived gravity data, Earth and Planetary
Science Letters, 253: 17-36.

*Tenzer

R, Vaní_ek P, Novák P (2003) Far-zone contributions to topographical effects in the
Stokes-Helmert method of the geoid determination. Studia geophysica et geodaetica, 47
(3), pp 467 – 480.
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*Tenzer

R, Moore P, Nesvadba O (2007): Analytical solution of Newton’s integral in terms of
polar spherical coordinates. In Tregoning P and Rizos C (eds.): Dynamic Planet
Monitoring and understanding a Dynamic Planet with Geodetic and Oceanographic Tools.
IAG Symposia No. 130: 410-415.

*Tóth Gy, Völgyesi L (2007): Local Gravity Field Modelling Using Surface Gravity Gradient
Measurements. In Tregoning P and Rizos C (eds.): Dynamic Planet Monitoring and
understanding a Dynamic Planet with Geodetic and Oceanographic Tools. IAG Symposia
No. 130: 424-429.
*Tsoulis

D (2003): Terrain modeling in forward gravimetric problems: a case study on local
terrain effects, Journal of Applied Geophysics, 54 (1/2), pp 145 – 160.

*Tsoulis

D, Wziontek H, Petrovic S (2003): A bilinear approximation of the surface relief in
terrain corection computations, Journal of Geodesy, 77 (5/6), pp 338 – 344.

*Tsoulis D, Tziavos IN (2003): A comparison of some existing methods for the computation
of terrain corrections in local gravity field modelling. In: Tziavos I.N. (ed) Gravity and
Geoid 2002. 3rd Meeting of the International Gravity and Geoid Commission, Ziti
Editions, Greece, 156-160.
* Tsoulis

D (2004a): Spherical harmonic analysis of the CRUST 2.0 global crustal model,
Journal of Geodesy, 78 (1/2), pp 7 – 11.

* Tsoulis

D (2004b): Two Earth gravity models from the analysis of global crustal data,
Zeitschrift für Vermessungswesen, 129 (5/2004), pp 311 – 316.

*Tsoulis

D (2005): The derivation and analysis of topographic/isostatic gravity models up to
degree and order 1082, Bollettino di Geodesia e Scienze Affini (in press).

*Tsoulis

D, Stary B (2005a): An isostatic compensated gravity model using spherical layer
distributions, Journal of Geodesy 78: 418-424.

* Tsoulis

D, Stary B (2005b): First results towards an isostatically compensated reference
Earth model, presented at the XXIII General Assembly of the International Union of
Geodesy and Geophysics, 30.06-11.07.03, Sapporo, Japan, In: A Window on the Future of
Geodesy (Ed: F Sanso), IAG Symposia Series, Volume 128, 356-361 pp.

*Tsoulis D, Kuhn M (2006): Recent developments in synthetic Earth gravity models in view
of the availability of digital terrain and crustal databases of global coverage and increased
resolution. In A. Kılıço_lu R. Forsberg (eds.): Gravity Field of the Earth, Proceedings of
the 1st International Symposium of the International Gravity Field Service (IGFS), 28
August – 1 September, 2006, Istanbul, Turkey (accepted).
*Tsoulis D, Grigoriadis VN, Tziavos IN (2006): Evaluation of the CRUST 2.0 global
database for the Hellenic area in view of regional applications of gravity modelling. In A.
Kılıço_lu R. Forsberg (eds.): Gravity Field of the Earth, Proceedings of the 1st International
Symposium of the International Gravity Field Service (IGFS), 28 August – 1 September,
2006, Istanbul, Turkey (accepted).
*Voigt C, Denker H (2006): A study of high frequency terrain effects in gravity field
modelling. In A. Kılıço_lu R. Forsberg (eds.): Gravity Field of the Earth, Proceedings of
the 1st International Symposium of the International Gravity Field Service (IGFS), 28
August – 1 September, 2006, Istanbul, Turkey (accepted).
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*Vajda

P, Vaní_ek P, Novák P, Meurers, B (2004): On the evaluation of Newton integral in
geodetic coordinates: exact formulation and spherical approximation. Contributions to
Geophysics and Geodesy 34/4: 289-314.

Wild-Pfeifer F, Heck B (2006): Comparison of the modelling of topographic and isostatic
masses in the space and the frequency domain for use in satellite gravity gradiometry. In
A. Kılıço_lu R. Forsberg (eds.): Gravity Field of the Earth, Proceedings of the 1st
International Symposium of the International Gravity Field Service (IGFS), 28 August – 1
September, 2006, Istanbul, Turkey (accepted).
*Wolf KI, Denker H (2005): Upward Continuation of Ground Data for GOCE Calibration /
Validation Purposes. In: C. Jekeli, L. Bastos, J. Fernandes (eds.): Gravity, Geoid and Space
Missions - GGSM2004, IAG Int. Symp., Porto, Portugal, 2004, IAG Symp., Vol. 129, pp.
60-65, Springer, Berlin Heidelberg New York, 2005.
*Wolf KI (2006): Considering Coloured Noise of Ground Data in an Error Study for External
GOCE Calibration / Validation, In: P. Knudsen, J. Johannessen, T. Gruber, S. Stammer, T.
van Dam (eds.), Proc GOCINA Workshop, April, 13-15, 2005, Luxembourg, Cahiers du
Centre Europeen de Geodynamics et de Seismologie, Vol 25, pp. 85-92, Luxembourg.
*Wolf KI, Kieler B (2006): Error Evaluation for Regional Geoid Computation Using Varying
Integration Cap Sizes in a Synthetic Environment. In A. Kılıço_lu R. Forsberg (eds.):
Gravity Field of the Earth, Proceedings of the 1st International Symposium of the
International Gravity Field Service (IGFS), 28 August – 1 September, 2006, Istanbul,
Turkey (accepted).
Zhou X, Zhong B, Li X (1990): Gravimetric terrain corrections by triangular-element method.
Geophysics 55(2): 232-238.
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Appendix 6
Final Report
IAG Special Group 2.3: Satellite altimetry: data quality improvement and
coastal applications
Chair: Cheinway Hwang,
Department of Civil Engineering, National Chiao Tung University, 1001 Ta Hsueh
Road, Hsinchu 300, Taiwan
1. Introduction
Coastal applications of satellite altimetry in geodesy, geophysics and oceanography
have become increasingly important. However, shallow-water altimeter data are prone
to errors in range itself, environmental and geophysical corrections. If shallow-water
altimeter data are to be useful, the first problem on has to confront is data quality. For
example, retracking waveforms of altimetry can produce improved results in
altimetric applications. Retracked altimetry will be first used to improve tide
modeling and in turn improve coastal gravity field modeling and determination of
ocean dynamic topography. The densely distributed Geosat/GM and ERS-1/GM will
be the biggest contributors to high frequency components of parameters extracted
from altimeter data. Another dense data set, namely, Geosat/GM, has not been
retracked for coastal applications. One of the objectives 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. Exchange of data and ideas are
encouraged to maximize the use of improved shallow-water altimeter data.
2. International workshop of satellite altimetry, Beijing, China, July 21 to 22,
2006. (http://space.cv.nctu.edu.tw/altimetryworkshop/ALT2006.htm)
This workshop is dedicated to SG2.3 and to the problems and solutions of coast and
land applications of satellite altimetry in such areas as coastal gravity field modeling,
coastal circulations, river level and lake level monitoring and desert study using
satellite altimetry.
The LOC is Chinese Academy of Surveying and Mapping, with Dr. PF Cheng and
YM Dang being the chair and co-chair of the LOC. The presentations cover the
following problems related to SG2.3
 methods for improving quality of coastal altimetry data
 waveform retracking for altimetry
 shallow-water tides from altimetry
 coastal gravity field modeling with altimetry
 vertical datum connection using altimetry
 land applications of altimetry
 altimetry applications and problems in polar seas
 lake level and river level changes from altimetry
 coastal circulations from altimetry
 Applications of altimetry to desert study
Participants of this workshop are largely members of SG2.3. They exchanged ideas,
experience, and software freely. This workshop also serves as a platform for the
SG2.3 members to present their contributions to SG2.3 over the past three years. On
the last day, a panel discussion was held to summarize the problems and solutions

concerning SG 2.3.
3. Major achievements of SG2.3
Over 2003-2007, the members of SG2.3 have been trying to tackle the problems listed
in the objectives of SG2.3. Te major achievements are listed below:
 Development of various methods of waveform retracking for range corrections
 Development of various method for modeling shallow-water tides from altimetry
 Application of altimetry to lake level/river changes
 Application of altimetry to polar studies
 Application of altimetry to coastal circulations and western boundary currents
 Application of altimetry to coast/lake gravity field modeling and geophysics
See also the list of papers in the TAO special issue (Section 4).
4. Publications of members of SG2.3
A special issue of the journal Terrestrial Atmospheric and Oceanic Sciences (TAO)
will be published to highlight the achievements of the SG2.3 members over 20032007. The title is “Satellite altimetry over land and coastal zones: applications
and challenges”, and the guest editors are:
Cheinway Hwang, National Chiao Tung University, Taiwan
CK Shum, Ohio State University,
Yamin Dang, Chinese Academy of Surveying and Mapping
Jerome Benveniste, European Space Agency
This special issue includes some of the distinguished papers presented in this
workshop. It is the first such issue in an earth science journal dealing exclusively with
coast and land altimetry. These papers will contribute to the advancement of satellite
altimetry. This issue will cover the following subjects: (1) methods for improving
quality of coastal altimetry data: (2) waveform retracking for altimetry, (3) shallowwater tides from altimetry, (4) coastal gravity field modeling, (5) land applications of
altimetry , (6) altimetry applications and problems in polar seas, (7) lake level and
river level changes by altimetry, (8)coastal circulations from altimetry.
The following table shows the accepted papers in this special issue. Most of the
papers are contributed by the members of IAG SG 2.3. The publication date is
January 2008.
Authors
Ole Andersen, Philippa Berry, Frank G.
Lemoine, Flemming Jakobsen and
Michael Butts
Jérôme Bouffard, Stefano Vignudelli,
Marine Herrmann, Florent Lyard,
Patrick Marsaleix, Yves Ménard, Paolo
Cipollini
Xiaotao Chang, Chuanyin Zhang,
Hanjiang Wen and Jiancheng Li
K. Cheng, C. Kuo, C. Shum, X. Niu, R.
Li, and K. Bedford

Title
Satellite Altimetry And GRACE
Gravimetry For Studies Of Seasonal
Water Storage Variations In Bangladesh
Comparison Of Ocean Dynamics With A
Regional Circulation Model And
Altimetry In The Northwestern
Mediterranean
Gravity Anomaly Recovered From
Satellite Altimetry And Its Application To
Geodynamics
Accurate Linking Of Lake Erie Water
Level With Shoreline Datum Using GPS
Buoy And Satellite Altimetry

Li, and K. Bedford
Yonghai Chu*, Jiancheng Li, Weiping
Jiang, Xiancai Zou, Chunbo Fan, Xinyu
Xu
X. Deng, C. Hwang, R. Coleman and
W.E. Featherstone
Cheinway Hwang, Hsuan-Chang Shih,
Jinyun Guo, and Yu-Shen Hsiao
Robert Kingdon, Cheinway Hwang , YuShen Hsiao, Marcelo Santos
Chung-Yen Kuo, C.K. Shum, A. Braun ,
and Kai-chien Cheng

Sergey A. Lebedev , Andrey G.
Kostianoy
Hyongki Lee, C. K. Shum, Chung-Yen
Kuo and Yuchan Yi
Jiancheng Li, Yonghai Chu, Weiping
Jiang, Taoyong Jin, Lelin Xing
Li-Ching Lin and Hsien-Kuo Chang
Timothy J. Urban, Bob E. Schutz and
Amy L. Neuenschwander
Jicai Zhang, Xianqing Lu
Zizhan Zhang, Yang Lu, Houtse Hsu
Huang Motao_Zhai Guojun_Ouyang
Yongzhong_Lu Xiuping_Liu
Chuanyong_Wang Keping
Jeong Woo Kim, Daniel R. Roman and
Yeadong Kim

Level With Shoreline Datum Using GPS
Buoy And Satellite Altimetry
Monitoring Level Fluctuation Of The
Lake In Yangtze River Basin From
Altimetry
Seasonal And Interannual Variations Of
The Leeuwin Current Off Western
Australia From TOPEX/POSEIDON
Satellite Altimetry
Zonal And Meridional Ocean Currents At
TOPEX/Poseidon And JASON-1
Crossovers Around Taiwan: Error
Analysis And Limitation
Gravity Anomalies From Retracked ERS
And Geosat Altimetry Over Great Lakes:
Accuracy Assessment And Problems
Vertical Motions Determined By
Combining Satellite
Altimetry And Tide Gauges
Integrated Using Of Satellite Altimetry In
Investigation
Of Meteorological, Hydrological And
Hydrodynamic Regime of the Caspian
Sea
Application Of Satellite Altimetry For
Solid Earth Deformation Studies
The Lake Level Variation using
Waveform Retracking in Qinghai Lake
An adaptive neuro-fuzzy method for tidal
prediction considering tide generating
forces and sea surface temperature
ICESat Coastal Altimetry
Inversion of the Space Varying Bottom
Friction Coefficient in the Bohai, Yellow
and East China Seas
Spatial and temporal variations of the
Kuroshio derived from altimetry and
geoid: a case study in the East China Sea
Integrated Data Processing for Multisatellite Missions
and Recovery of Marine Gravity Field
Altimetry Enhanced Free-air Gravity
Anomalies

Appendix 7
Report of IAG ICCT Joint Working Group with Commission on Gravity:
JWG 5: Multiscale Modelling of the Gravity Field
Introduction
During the last decades technological progress has changed completely the observational methods
in all fields of geosciences with a trend to achieve immediate results, thus reducing time and costs.
A reconstruction of the gravity field from data material coming from satellite as well as airborne
and terrestrial measurements requires a careful multiscale analysis of the gravity potential, fast
solution techniques, and a proper stabilization of the solution by regularization. While global longwavelength modelling can be adequately done by use of spherical harmonic expansions, harmonic
splines and/or wavelets are most likely candidates for medium and short-wavelength approximation. The working group intends to bring together scientists concerned with the diverse areas of
geodetically relevant wavelet theory in general and its applications. An essential field of research
is the specific character of geodetic multiresolution methods used in addition or in contrary to
standard spectral techniques based on spherical harmonic framework.
Objectives
• Theoretical research in the field of spherical and ellipsoidal wavelets as well as wavelet introduction and modelling on geodetically relevant surfaces (like spheroid, geoid, (actual) Earth’s
surface).
• Studies of harmonic wavelets in geodetic boundary-value problems (e.g., Runge-Walsh wavelets,
layer potential wavelets, etc).
• Studies on spline/wavelet kernel modelling, multiscale pyramid algorithms via kernel functions known from (least squares) collocation and spline approaches, noise cancellation, leastsquares adjustment and spline smoothing vs. multiscale thresholding, etc.
• Development of specific numerical methods: fast wavelet transform, tree algorithms, data
compression, domain decomposition techniques, fast multipole methods, panel clustering,
data transmission, etc.
• Comparison of spherical harmonic and/or wavelet modelling: Combined spectral and multiscale expansion of the gravitational potential, degree variances vs. local wavelet variances,
spectral and/or multiscale signal to noise thresholding, etc.
• Investigation of different wavelet types in geodetic pseudodifferential equations (using numerical methods such as collocation, Galerkin method, least-squares approximation, etc).
• Regularization of inverse problems by multiresolution, locally reflected multiscale vs. globally
reflected spectral regularization, multiscale parameter choice strategies, multiscale modelling
in SST, SGG.
• Time dependent multiscale modelling in boundary value and inverse problems, numerical
implementation and application to GRACE-, GOCE-data.
Members and Correspondent Members
W. Freeden, Germany (chair)
F. Barthelmes (Germany), T. Gervens (Germany), E. W. Grafarend (Germany), M. Gutting (Germany), K. Hesse (Australia), C. Jekeli (USA), P. Kammann (Germany), W. Keller (Germany),
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A. Kohlhaas (Germany), J. Kusche (Netherlands), D. Michel (Germany), V. Michel (Germany),
H. Nutz (Germany), J. Otero (Spain), S. Pereverzev (Austria), S. Petrovic (Germany), F. Sacerdote (Italy), F. Sanso (Italy), R. Schmidt (Germany), M. Schreiner (Switzerland), J. Schröter
(Germany), W.-D. Schuh (Germany), I. H. Sloan (Australia), N. Sneeuw (Canada), L. Svensson
(Sweden), C. C. Tscherning (Denmark), M. Vermeer (Finland), K. Wolf (Germany)
Past Activities
• Presentations at several conferences:
– Workshop ”Inverse Problems”, Trippstadt (24.-25.11.2005) (organizers: W. Freeden ,
V. Michel).
– Workshop ”Multiscale Methods in Geodesy”, Helsinki, November/December 2005.
– Fall Meeting of the American Geophysical Union (AGU) in San Francisco, December
2005.
– GAMM Annual Conference, Berlin, March 2006.
– Hotine-Marussi Symposium ”Theoretical and Computational Geodesy”, Wuhan (China),
May/June 2006.
– 1st Int. Symposium of the International Gravity Field Service (IGFS), Istanbul (Turkey),
August/September 2006.
– Status-Seminar ”Observation System Earth from Space”, Bonn, September 2006.
– Approximation Methods for Problems on the Sphere. DMV Annual Conference, University Bonn, September 2006.
– GeoBerlin, Berlin, October 2006.
• Cooperation between the groups in Kaiserslauten (W. Freeden) and Munich (R. Rummel)
about multiscale modelling of temporal changes of the gravitational field measured by GRACE
(see: M.J. Fengler, W. Freeden, A. Kohlhaas, V. Michel, T. Peters, ”Wavelet Modelling of Regional and Temporal Variations of the Earth’s Gravitational Potential Observed by GRACE”,
Journal of Geodesy, 2007, 81:5-15).
• Cooperation between the groups in Kaiserslautern (W. Freeden) and Stuttgart (E. W. Grafarend) in form of a joint DFG-project: Inverse Multiscale Geoid Computation (IMGC).
• Cooperation between the groups in Delft (J. Kusche) and Kaiserslautern (W. Freeden) about
Wavelet Modelling of satellite data and its combination with regional terrestrial data.
(see: M. J. Fengler, W. Freeden, V. Michel: “The Kaiserslautern Multiscale Geopotential
Model SWITCH-03 from Orbit Perturbations of the Satellite CHAMP and Its Comparison
to the Models EGM96, UCPH2002 02 0.5, EIGEN-1s, and EIGEN-2.” Geophysical Journal
International, Vol. 157, pp. 499-514, 2004; and: M. J. Fengler, W. Freeden, J. Kusche:
“Multiscale Geopotential Solutions from CHAMP Orbits and Accelerometry.” C. Reigber,
H. Lühr, P. Schwintzer, J. Wickert (Eds.), Proceedings of the 2nd CHAMP Science Meeting,
Springer Berlin, Heidelberg, New York, pp. 139-144, 2004.).
• Cooperation between the groups in Frankfurt (H. Schmeling) and Kaiserslautern (W. Freeden) about plume detection from gravity and topology.
• Cooperation between GeoForschungsZentrum (M. Rothacher) and Kaiserslautern (W. Freeden) about Time Variable Gravity and Surface Mass Processes: Validation, Processing and
First Application of New Satellite Gravity Data (TIVAGAM) within the BMBF /DFG Sonderprogramm ”Geotechnologien”.
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• Cooperation with University of Buchs (Switzerland). Papers resulting fromthis cooperation: W. Freeden, S. Gramsch, M. Schreiner, “Local Geoid Modelling From Vertical Deflections”, Proceedings of the VI Htine-Marussi Symposium of Theoretical and Computational
Geodesy, (accepted, 2007) T. Fehlinger, W. Freeden, S. Gramsch, C. Mayer, D. Michel and
M. Schreiner, “Local Modelling of Sea Surface Topography from (Geostrophic) Ocean Flow”,
ZAMM, (submitted, 2007)
• Contacts to the group of Prof. Dr. M. Vermeer in Helsinki.
• Organization of the international workshop “Inverse Problems” (see below for further details).
International Workshop “Inverse Problems” at the University of Kaiserslautern
From 24th to 25th November 2005 an international workshop on “Inverse Problems” took place
at the hotel “Zum Schwan” in Trippstadt (organisers: Prof. Dr. W. Freeden, HDoz. Dr. V.
Michel, University of Kaiserslautern, and Dr. J. Flury, GOCE Project Office Germany, Technische
Universität München). This workshop was hosted by the Geomathematics Group of the University
of Kaiserslautern, by the Johann Radon Institute for Computational and Applied Mathematics in
Linz (represented by Prof. Dr. S. V. Pereverzyev) and by the GOCE Project Office Germany
(directed by Prof. Dr. mult. R. Rummel, TU München).
The workshop was financially supported by the DFG Graduate Research Training Programme
“Mathematics and Practice” and the DFG Priority Programme of the same name at the University of Kaiserslautern. Participants were among others Prof. Dr. mult. E. W. Grafarend (Institute
of Geodesy, Universität Stuttgart), Prof. Dr. P. Maaß (Director of the Center of Industrial Mathematics, Bremen University), Prof. Peiliang Xu (Disaster Prevention Research Institute, Kyoto
University), Prof. Dr. W. Rundell (Director of the Division of Mathematical Sciences, National
Science Foundation, USA) and Prof. Dr. mult. E. Groten (Institute for Physical Geodesy, TU
Darmstadt).
Inverse problems play an important role, e.g., in modern medicine, materials science, geophysics
or geodesy. An inverse problem is given if we want to determine an inaccessible cause from its
observable effect. The challenge for the scientists is that inverse problems are mostly ill-posed
and cannot be solved by numerical standard methods. “Ill-posed” means that small errors in the
given data cause large errors in the solution. The problem can often be stabilised by a so-called
regularisation, i.e., by replacing the problem by a closely related well-posed problem which can be
stabilised.
Mathematicians, engineers as well as geoscientists met at the interdisciplinary workshop. 27 speakers, e.g., from the USA, Japan, Austria, Switzerland, Great Britain, the Netherlands and Germany reported on their research and presented the difficulties of inverse problems, especially in
geosciences but also in image processing. Prof. Dr. Z. Nashed (University of Central Florida,
Orlando), a worldwide respectable scientist, gave the introductory talk. He spoke about the importance of inverse problems and placed emphasis on the reconstruction of signals from disturbed
partial information. Prof. Dr. mult. R. Rummel (head of the Institute for Astronomical and
Physical Geodesy (IAPG) of the TU München) explained the challenges in modern satellite technology when determining a geopotential or a high-precision geoid. He expected new approaches
for research and increased cooperation of geoscientists, geophyisicists and mathematicians from
the workshop. For instance, the downward continuation problem arises in satellite geodesy: A
geopotential was measured by a satellite and is to be continued to the Earth’s surface. The measured data are given in discrete points on the satellite’s orbit and are disturbed. In this context,
Prof. Dr. S. V. Pereverzyev presented recent regularisation methods for geoscientific applications
occuring in the ESA satellite mission GOCE. Prof. Dr. J. Prestin pointed out the importance
of radial basis functions. Prof. Dr. P. Maaß talked about an inverse approach to image processing. The Geomathematics Group presented new wavelet (multiresolution) methods to regularise
the downward continuation problem for the determination of the gravity or magnetic field of the
Earth.
More than 40 scientists attending the workshop were extremely interested in the talks and the
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corresponding discussions. Furthermore, recent results of students and doctorands of the Geomathematics Group were presented in a poster session. The positive acknowledgment showed that
the workshop achieved its aim, i.e., the connection of mathematical theory and modelling on the
one hand and the geotechnical and industrial application on the other hand in the domain of inverse problems.
Planned Activities
• Further Email discussion and electronic exchange.
• Launch of an extended web-page for dissemination of information, expressing aims, objectives, and providing a bibliography.
• Further monitoring and presentation of activities, either of working group members or interested external individuals.
• Organisation of a further workshop about multiscale modelling in geosciences.
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Appendix 8
Inter-Commission Study Group 2.7
International Association of Geodesy (IAG)
Commission 2 (Gravity Field)
&
InterCommission Committee on Theory
Towards cm-accurate Geoid - Theories, Computational methods and Validation
Activity Report (2007)
Yan Ming Wang (chair)
Objectives
The geoid study group is mainly focused on the theories and computational methods.
During the past few decades, an abundance of gravity and topography data, over both
land and ocean, has been collected in various ways. As a consequence, the 1-cm accuracy
requirement for the geoid computation is at all time high. This presents a challenge to the
geodetic community that demands more sophisticated theories and fast computational
means. The major objective of this group is to bring together scientists concerned with
the diverse areas of relevant theory in general and its applications. An essential field of
research is to provide a frame consisting of theories and numerical computation methods
which ensure the 1-cm accuracy can be achieved.
Past activities
Research in geoid studies by members is not restricted to times after the establishment of
the group (Jan., 2007). The most recent research topics are the optimal combination the
global gravity models with the surface gravity data in regional and local geoid
computation and the topographic effect on geoid computations. There is also renewed
interest in the fixed boundary value problems for geoid determinations. We list the
selected publications by the members in the publication section.
Further activities
A web page for discussion and exchange of information is under construction.
Organizing WG meetings or sessions under appropriate conditions.
Monitoring the research activities of members.

Membership
Y.M. Wang, USA (chair)
M.G. Sideris, Canada
M. Véronneau, Canada
J. Huang, Canada
M. Santos, Canada

D. Roman, USA
J. Saleh, USA
D. Smith USA
B. Heck, Germany
K. Seitz, Germany
H. Denker, Germany
W. Freeden, Germany
L. Sjoberg, Sweden
N. Kuhtreiber, Austria
H. Moritz, Austria
J.C. Li, China
D.B. Cao, China
W.B. Shen, China
F. Mao, China
W. Featherstone, Australia
Z. Martinec, Czech Republic
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Appendix 9
European Gravity and Geoid Project (EGGP)
IAG Commission 2 Project CP2.1
Status Report, April 2007
Heiner Denker (denker@ife.uni-hannover.de)
The EGGP started soon after the IUGG General Assembly in Sapporo 2003. First, a steering
committee (SC) was set up, consisting of H. Denker (Chair), J.P. Barriot, R. Barzaghi,
R. Forsberg, J. Ihde, A. Kenyeres, U. Marti, I.N. Tziavos. A first meeting of the SC was held
in Milan, Feb. 3-4, 2004 (kick-off meeting). During the meeting, the status and possible
improvements of the European geoid, the project structure, the input data sets, the
methodology, and the time schedule were discussed. It was decided to have only one data and
computing center at the Institut für Erdmessung (IfE), Leibniz Universität Hannover. The
main reason for this was to guarantee the confidentiality of high-resolution gravity and terrain
data, which is a prerequisite for most of the responsible national agencies.
After the SC meeting, national correspondents/delegates from all European countries were
invited to become project members. About 30 persons, having access to the relevant data sets
or being engaged in geoid computations, accepted to join the project. Meetings of the project
members and the SC were held at the GGSM2004 symposium in Porto 2004 (28 participants)
and at the IGFS symposium in Istanbul 2006 (23 participants). On both meetings, the main
discussion concentrated on possible improvements of the relevant data sets. Several problem
areas were identified (e.g., the Mediterranean Sea), and the project members helped to remedy
the existing deficiencies.
Interim results and project reports were given anually at scientific meetings in Porto 2004
(Denker et al. 2005, Denker 2005a), Austin 2005 (Denker 2005d) and Istanbul 2006 (Denker
et al. 2007). Moreover, EGGP results can also be found in Denker et al. (2004) and Denker
(2004, 2006a and 2006b).
Since the start of the project, significant improvements of the gravity data base were made, including new data sets for several countries, e.g., Austria, the Baltic and Scandinavian
countries, Belgium, Bulgaria, Croatia, France, Germany, Greece, Italy, Luxemburg, Netherlands, Poland, Serbia, Slovenia, and Switzerland. In addition to this, the public domain data
sets from the Arctic Gravity Project became available (Forsberg and Kenyon, 2004).
Furthermore, all older gravity data sets were revised regarding the underlying reference
systems, the target systems being ETRS89 (European Terrestrial Reference System 1989),
EVRS (European Vertical Reference System) and absolute gravity. Significant progress was
also made in the collection and reprocessing of ship gravity data. New data sets were received
for the Baltic Sea, North Atlantic, Mediterranean Sea, and around France. The ship gravity
data for the European seas, collected from several institutions, were crossover adjusted using
a bias per track error model in order to reduce instrumental and navigational errors, incorrect
ties to harbour stations, and other error sources. The editing of some bad observations resulted
already in an improvement of the crossover differences by a factor of two, while the crossover
adjustment again reduced the crossovers by a factor of two (Denker and Roland, 2005).
Furthermore, new global and regional altimetric gravity anomalies (e.g., Marchenko et al.,
2005, Marchenko and Yarema, 2006) became available and were utilized. A study on the
combination of ship and altimetric gravity data is presented in Roland and Denker (2005c),
while the evaluation of the terrestrial and satellite gravity data is discussed in Roland and
Denker (2005a).

Improvements were also made regarding the digital elevation models (DEMs). Austria,
Germany and Switzerland released new 1" _ 1" DEMs, while the Scandinavian countries
provided new 3" _ 3" DEMs. Furthermore, the older existing national DEMs were
incorporated in the data base. However, especially in Eastern Europe and some other areas,
fill-ins from global public domain data bases had to be used, either because high-resolution
DEMs do not exist or were not released for confidentiality reasons. For this purpose, the
SRTM3 model with a resolution of 3" _ 3" (JPL, 2007) and the public domain global model
GTOPO30 with a resolution of 30" _ 30" (USGS, 2007) were employed (Denker, 2005b). All
available DEMs were merged into a new European DEM with a common grid size of 3" _ 3",
covering the area 20°N – 85°N and 50°W – 70°E. Furthermore, for the area of Germany,
Austria and Switzerland, a corresponding 1" _ 1" DEM was created. The 3" _ 3" and 1" _ 1"
DEMs comprise about 6.6 and 1.7 billion elevations, respectively. This is a significant improvement compared to the previous EGG97 computation with DEM resolutions ranging
from 7.5" _ 7.5" up to 5' _ 5'.
In addition to the gravity and terrain data, several new GPS/levelling data sets were acquired
for Austria, Germany, Russia, etc. Furthermore, the activities within the EUVN-DA project,
an initiative to collect a dense network of GPS and levelling control points in Europe
(Kenyeres et al., 2006 and 2007), provided valuable new data sets. At the moment, these data
sets serve primarily for control purposes, but later on it is planned to compute also combined
geoid/quasigeoid solutions including GPS/levelling data.
Regarding the global geopotential models, the CHAMP and GRACE missions have led to
significant improvements in the modelling of long wavelength gravity signals (e.g., Denker,
2005a and 2005c). This is documented among others by the accumulated formal geoid error,
which does not exceed 0.01 m for spherical harmonic degrees up to about 25 for the CHAMP
models (Reigber et al., 2004a) and 75 for the GRACE models (Reigber et al., 2004b). On the
other hand, the limit of 0.01 m is already exceeded at degree 8 for the EGM96 model.
All available data sets were utilized for the computation of several updated European
geoid/quasigeoid models. The computations started with the old EGG97 terrestrial gravity
data set and the new CHAMP and GRACE geopotential models. Then successively the new
gravity and terrain data sets were incorporated. All computed quasigeoid models were
evaluated by GPS/levelling data from the European EUVN data set (Ihde et al., 2000) and by
national campaigns. When using the EGG97 terrestrial data sets together with the new
CHAMP and GRACE geopotential models, the RMS differences from the GPS/levelling
comparisons reduced up to 60 % for the GRACE based solutions and up to 30 % for the
CHAMP based solutions, as compared to the previous EGG97 model relying on EGM96.
Furthermore, also the update and re-processing of the gravity and terrain data led to substantial improvements in the GPS and levelling comparisons in all cases, ranging from 2 % up to
about 40 %; the improvement was in particular high in those areas where the data base could
be significantly extended. In addition, the long wavelength errors existing in EGG97 were
substantially reduced to typically below 0.1 ppm. The presently available results indicate an
accuracy potential of the gravimetric quasigeoid models in the order of 3 – 5 cm at continental
scales and 1 – 2 cm over shorter distances up to a few 100 km, provided that high quality and
resolution input data are available. This is a very significant improvement compared to the
last published (quasi)geoid model EGG97, the key elements being improved terrestrial and
satellite gravity field data (e.g., Denker 2005b and 2005c).

So far all computed quasigeoid models are based on the spectral combination approach.
However, test computations with the wavelet approach were done as well (Roland and
Denker, 2005b), and the application of the fast collocation technique, developed by the Milan
group (e.g., Sansò and Tscherning, 2003), is planned but not realized so far.
After incorporating some additional gravity data sets received lately, a completely updated
geoid/quasigeoid model (EGG07) shall be finished soon and presented at the coming IUGG
General Assembly 2007 in Perugia. The new geoid/quasigeoid models allow a number of
interesting applications, such as the accurate determination of W0 (reference geopotential of
the vertical datum) and vertical datum unifications. Moreover, contributions to the definition
of a European Vertical Reference System (EVRS) become possible.
Thanks to the efforts of our French colleague Henri Duquenne, a very valuable test data set
was created. The data set consists of high-resolution gravity and terrain data as well as
GPS/levelling control points, covering large parts of France with a focus on the Massif
Central region (for details see Duquenne, 2007). The data set can be used to test different
methods, softwares, reduction procedures, etc. However, due to time restrictions, the test data
set could not be fully exploited so far.
In summary, significant progress was made within the framework of the European Gravity
and Geoid Project (EGGP) regarding the collection and homogenization of high-resolution
gravity and terrain data. Many new data sets became available, and especially the new
geopotential models from the CHAMP and GRACE missions improved the geoid/quasigeoid
modelling very much.
As not all desired updates can be included in the EGG07 model, and because there is still
room for improvements, it is proposed to continue the project for another four year term. This
is also important in order to keep the access to the proprietary high-resolution gravity and
terrain data, which are in many cases provided exclusively for the purpose of the EGGP and
must be deleted after the end of the project.
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Appendix 10
Report of CP2.2 (North American Geoid) – not available.

Appendix 11
REPORT OF COMMISSION PROJECT 2.3: AFRICAN GEOID PROJECT
(part of Sub-Commission 2.4: Regional Geoid Determination)
For the period: January 2006 - December 2006
General:
During the year under review members have focussed on refining techniques and on
assessing the SRTM and GRACE models in the context of a geoid model for Africa.
Members of the group computed national geoid models for Algeria, Egypt and South
Africa. Additional GPS/levelling data in Algeria and South Africa allowed further
analysis of the accuracy of geoid models in those regions. Different models for corrector
surfaces between the gravimetric and GPS/levelling geoids were evaluated for Algeria.
Tailored models were investigated for Egypt. A revised geoid model, incorporating the
SRTM and GRACE data, for the whole of Africa was also computed.
Members of the group attended the EGU General Assembly in Vienna; the 22nd annual
meeting of the Egyptian Geophysical Society, in Cairo (both in April 2006); and the 1st
International Symposium of the International Gravity Field Service in Istanbul, in August
2006.
Future Plans:
Members of the group will attend and present papers at the 24th General Assembly of the
IUGG in Perugia in July 2007. A member will also attend the meeting of the Egyptian
Geophysical Society in March 2007. Two members of the group have also joined the
Working Group assessing the quality of the new NGIA EGM2006 geopotential model
and will participate in assessing its quality in selected parts of Africa.
One of the major stumbling blocks to an improved geoid model for Africa is the lack of
available data in significant parts of Africa. This situation is unlikely to change unless
major sponsors are able to support airborne gravity surveys in the worst-affected areas.
The alternative is to wait and hope for the results of the GOCE mission.
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Abd-Elmotaal, H. 2006. High-Degree Geopotential Model Tailored to Egypt. Presented
at the 1st International Symposium of The International Gravity Field Service (IGFS),
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Technique: Comparison of Optimum Combination of Gravity Field Wavelengths in
Geoid Computation. Presented at the 1st International Symposium of The International
Gravity Field Service (IGFS), Istanbul, Turkey, August 28 – September 1, 2006.
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Egypt, April 11 – 12, 2006.
Benahmed Daho, S.A., Kahlouche, S., Fairhead, J.D. 2006. A procedure for modelling
the differences between the gravimetric geoid model and GPS/Levelling data with an
example in the North part of Algeria. Computer & Geosciences International Journal,
32(1), 1733:1745.
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Report of Commission Project 2.4 “Antarctic Geoid” (AntGP)
Mirko Scheinert
TU Dresden, Institut für Planetare Geodäsie, 01062 Dresden, Germany
April 30, 2007

Short Review
Adopted in 2003, it is the first time that within IAG a special group is dedicated to the determination of
the gravity field in Antarctica. This should be done utilizing terrestrial and airborne methods to complement and densify satellite data. Because of the region and its special conditions collaboration extends
beyond the field of geodesy – an interdisciplinary cooperation is anticipated, especially incorporating
geophysics and glaciology. This is also reflected in the group membership (cf. below).
During the first four-years period of AntGP being a Commission Project of IAG (2003-2007), a great
step forward has been made concerning the establishment of cooperation and close linkages between the
different scientific disciplines working in Antarctica. It took a lot of efforts to investigate the current
situation of gravity data coverage in Antarctica and to get into discussion with the respective institutions where gravity data are held, and to develop a mutual understanding especially when looking at
the different goals of geodesy and geophysics dealing with gravity data in Antarctica. A lot of work has
still to be done. Concerning new gravity surveys in Antarctica, the International Polar Year 2007/2008
(IPY), which started recently (March 01, 2007), plays an important role to pursue the goals of AntGP.
Concerning the compilation of Antarctic gravity data, it is now possible to start with the built-up of a
suitable database. Therefore, we strongly suggest to continue the work of the Commission Project 2.4
“Antarctic Geoid”.
Concerning the IPY, a lot of work has been focussed on the preparation of scientific IPY projects. In this
context, planned aerogeophysical and geodetic surveys will provide new data to fill in data gaps in Antarctic gravity. The following IPY projects should be mentioned: Project 67 “Origin, evolution and setting
of the Gamburtsev subglacial highlands (AGAP)”, project 97 “Investigating the Cryospheric Evolution
of the Central Antarctic Plate (ICECAP)”, project 42 “Subglacial Antarctic Lake Environments (SALEUNITED)”, project 152 “Trans-Antarctic Scientific Traverses Expeditions (TASTE-IDEA)”, project 185
“Polar Earth Observing Network (POLENET)”.
In 2006, a milestone was the XXIX SCAR Meeting and Open Science Conference, held in Hobart, July
9-19, 2006. This conference provided an excellent opportunity to present the goals of AntGP and to
discuss possibilities of specific work in Antarctica. The linkage to the bodies of SCAR could be deepened,
since M. Scheinert was elected chair of Project 3 “Physical Geodesy” within the work plan 2006–2008 of
SCAR Standing Scientific Group on Geosciences, Expert Group on Geospatial Information and Geodesy
(GIANT – Geodetic Infrastructure in Antarctica).
An updated overview on AntGP could be given at the 1st International Symposium of the International
Gravity Field Service “Gravity Field of the Earth”, Istanbul, August 28 – September 01, 2006 (Scheinert
et al., 2006b). Even if not directly dedicated to the goals of AntGP, nevertheless a workshop “GPS in
the IPY: The POLENET project”, focussed on the geodetic part of the IPY project 185 POLENET, held
in Dresden, October 4–6, 2006, provided also a platform to meet members of AntGP and to present and
discuss specific points with relevance to AntGP (e.g. relative and tidal gravimetry in Antarctica).
In order to discuss the gravity data situation in Antarctica the chair of AntGP conducted work visits to
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institutions with involvement in AntGP, namely to Russia (G. Leitchenkov/VNIIOkeangeologia) and to
Great Britain (F. Ferraccioli/British Antarctic Survey).
To present AntGP to the community, a website is being maintained under www.tu-dresden.de/ipg/antgp

Future plans and activities
Future activities are well defined following the “Terms of Reference”. Since any Antarctic activities call
for a long-term preparation the main points to be focussed on do not change. Even more, to cope with
the activities within the International Polar Year (March 2007 to March 2009) puts a major motivation
to continue the work of AntGP for a next four-years period starting at the IUGG 2007.
(a) Promotion and realization of new gravity surveys in Antarctica
As described above, the upcoming IPY plays an important role for the international coordination and
preparation of such surveys. Due to the huge logistic efforts of Antarctic survey campaigns, coordination
is organized well in advance and on a broad international basis. In 2006, this refers especially to the
preparation of IPY activities.
(b) Built-up of databases
Within AntGP, a discussion on methods and rules of data exchange is in progress and has to be followed
on. Compilations of metadata and databases have to cover certain aspects of gravity surveys in Antarctica
(large-scale airborne surveys, ground-based relative gravimetry, absolute gravimetry at coastal stations).
Conferences and workshops play an important role to coordinate work between AntGP members and
the diverse communities. At the upcoming IUGG General Assembly, Perugia, July 2007, AntGP will be
presented and should be continued for a second period. Work activities have to be reviewed and focussed
taking the perspectives of the IPY into account.
A second conference of mayor importance is the X International Symposium on Antarctic Earth Sciences,
to be held in Santa Barbara, August 26-31, 2007.
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Université Strasbourg, France
Universita di Modena a Reggio Emilia, Italy
BGR Hannover, Germany
TU Dresden, Germany
Danish National Space Center, Denmark
USGS, USA
AWI Bremerhaven, Germany
Geoscience Australia
British Antarctic Survey, United Kingdom
University of New South Wales, Australia
2

Steve Kenyon
Christopher Kotsakis
German L. Leitchenkov
Jaakko Mäkinen
Kazuo Shibuya
C.K. Shum
Dag Solheim
Michael Studinger

NIMA, USA
University of Calgary, Canada
VNIIOkeangeologia, Russia
FGI, Finland
NIPR, Japan
OSU Columbus, USA
Statens Kartverk, Norway
Lamont-Doherty Earth Observatory, USA

Corresponding members
Robin Bell
Graeme Blick
John Brozena
Cheinway Hwang
John Manning
Dave McAdoo

Lamont-Doherty Earth Observatory, USA
LINZ, New Zealand
Naval Research Lab, USA
National Chiao Tung University, Taiwan
University of New South Wales, Australia
NOAA, USA
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IAG – Gravity and Geoid Projects in South America
SC2.1: Gravimetry and Gravity Networks Project
SC2.4: Regional Geoid Determination Project
Commission Project CP 2.5: South American Geoid
Commission Project CP2.7: Gravity in South America

Prepared by: Denizar Blitzkow and Maria Cristina Pacino

REPORT
July 2007
ACTIVITIES
Fundamental Gravity Network (FGN) in South America: A total of 33 gravity stations have
been established in Ecuador in cooperation between EPUSP, IBGE (Brazil), IGM and INOCAR
(Ecuador) and with NGA (loan of gravity meters). The network has been adjusted in 2005 by
least square method and the results have been presented in the EPUSP master dissertation of
Carlos Alberto Correa e Castro Jr. A problem that still exists in Ecuador is the inexistence of
absolute gravity stations. Chilean FGN consists of a total of 54 stations, established by EPUSP,
IBGE (Brazil) and IGM (Chile). The gravity values are referred to absolute stations in Iquique,
Colina, Puerto Montt and Punta Arenas and a least squares adjustment is under preparation. A
similar FGN was established in Paraguay with 46 stations. In order to refer the gravity values to
some consistent reference, an absolute station in Valinhos (Brazil) was used, with a connection
from Valinhos to Foz do Iguaçu, then to Assunción.
PMRG (Project for the Geodetic Reference System Change) in Brazil: SIRGAS2000.4 has
been adopted in Brazil since February 2005. A new geoid model for Brazil has been computed
and delivered in a grid of 10´ as part of the new reference system. A software named
MAPGEO2004 was also provided for interpolation in any point from the geoid grid. The results
have been presented in the EPUSP doctor thesis of Maria Cristina B. Lobianco.
Course: STOKES-HELMERT’S SOLUTION TO GEODETIC BOUNDARY VALUE
PROBLEM. It was teached by Prof. Dr. Petr Vaní_ek, in Rio de Janeiro, October 2005. It was
supported by IBGE, University of New Brunswick and CIDA (Canadian International

Development Agency) and it was coordinated by Maria Cristina B. Lobianco and Denizar
Blitzkow.
Geoid in Argentina: A new geoid model for Argentina was computed and the result is part of
the doctor thesis of Claudia Tocho, submitted to the National University of La Plata in 2006.
Other efforts: A new set of gravity data is now available for Colombia and Ecuador due to an
effort of Laura Sanchez and Alfonso Tierra to validate the data in both countries. The next geoid
model version will benefit from this effort.
A gravity survey was carried out in south of Chile, along Carretera Austral, as part of a joint
cooperation between EPUSP, IBGE, GETECH and IGM.
Several absolute measurements have been carried out with two absolute gravitymeters purchased
in 2006 by National Observatory, Brazil:
-

measurements with FG-5 #223 on IfE 142 – Vassouras and in National Observatory
Laboratory;
measurements with A-10 #011 on the Calibration Baseline at Agulhas Negras;
measurements with A-10 #011 on National Observatory Vertical Calibration Baseline;
measurements with A-10 #011 on IGSN 71 40123A station on Rio de Janeiro; and
measurements with A-10 #011 on metrological laboratories from Brazilian Calibration
Network.
measurements with A-10 #011 on two tide gauge stations, University of São Paulo,
Oceanographic Institute, in Cananéia and Ubatuba. A third measurement was made at
Institute of Astronomy, Geophysics and Atmosferic Science, in a geodynamic laboratory;

National Observatory future plans:
-

measurements with FG-5 #223 on the remaining absolute IfE stations.
establishment of new absolute stations with FG-5 #223 on North-South arch and other
Brazilian selected places (for example, Macaé, Mossoró, Aratu, Cuibá, Belém and
Manaus);
cooperation with other South American countries in absolute and relative gravimetry,
aiming for applications in Geophysics, Geodesy and Metrology;
refinement of national patterns on mass, force, pression, viscosity, flow and vibration,
through absolute measurements on INMETRO metrological laboratories;
measurements with A-10 #011 on other metrological laboratories of Brazilian Calibration
Network – RBC;
maintenance and expansion of the Brazilian Gravity Fundamental Network;
validation of older gravity surveys via absolute gravity and GPS measurements;
determination of vertical movements on areas under existing induced subsidence.

Symposium: GRAVITY AND GEOID IN SOUTH AMERICA
VENUE: INSTITUTO GEOGRAFICO MILITAR - BUENOS AIRES (ARGENTINA)
DATE: 25 – 29 SEPTEMBER, 2006
SPONSORS:
Instituto Geográfico Militar de Argentina
Facultad de Ciencias Exactas, Ingeniería y Agrimensura (Universidad Nacional de Rosario)

Facultad de Ciencias Astronómicas y Geofísicas (Universidad Nacional de La Plata)
Polytechnic School (University of São Paulo)
Agencia Nacional de Promoción Científica y Tecnológica de Argentina
Consejo Nacional de Investigaciones Científicas y Técnicas de Argentina
International Gravity Field Service (IGFS – IAG)
The symposium was organized in a joint effort of the IAG Projects CP2-7 (Gravity in South
America) and CP2-5 (South American Geoid), and sponsored by IGFS, together with several
Argentinean and Brazilian organizations. Its main objective was to broaden and to deepen the
terrestrial gravity field knowledge of South American professionals, leading to an adequate
handling of the vertical reference, and providing a forum of debate on the current theoretical,
practical, and common problems.
The activities were arranged as follows:
- Two workshop days for updating on new methodologies and current models, as well as
the practical use of these concepts (René Forsberg);
- two days to inform about the activities, achievements and future prospects in several
South American countries through oral presentation and posters;
- the last day for discussion and planning of joint activities.
More than fifty participants from Argentina, Brazil, Chile, Ecuador, Uruguay and Venezuela
attended thirty presentations and, at the final day, discussed several recommendations and
suggestions.
Future plans: Measuring campaigns
A budget for a new absolute gravity measurement campaign has been approved and it will be
carried out in two steps:
- 2007: reoccupation and densification of absolute gravity stations in Argentina, Brazil,
Uruguay and Ecuador using FG5 – 223 from National Observatory (Rio de Janeiro,
Brazil), complemented by a relative gravity campaign to connect the national´s networks;
and
- 2008: absolute gravity campaign using A10-011, also from National Observatory, at tide
gauges and permanent GPS stations.
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IAG Commission 2, CP2.6 South East Asian Geoid
A. H. W. (Bill) Kearsley
In the period 2003-2007, it has been difficult, given the geopolitical, financial
and other pressures, to arrange specific meetings of the parties interested in this
geoid sub-commission.
However there have been two presentations at two related meetings which need
reporting.
1. A paper on the aims, objectives and problems of Commission 2, CP2.6 was
presented at the meeting of the PCGIAP (United Nations Permanent Committee
on Geographic Information Infrastructure for the Asia-Pacific) in Cairns,
August 2005 chaired by John Manning. This proved to be of real benefit, as
many of their (i.e. PCGIAP’s) aims and objectives dovetail with ours, and there
is now a definite policy at the level of national governments involved in PCGIAP
to recognise the IAG’s initiatives in this regard and encourage projects which
support geoid studies in the South-East Asian region and beyond.
2.
A similar report on Commission 2, CP2.6 was presented at the “Geoid,
gravity and height workshop” held in Ulaanbaatar, Mongolia, on June 6-8,
2006, under the Chairmanship of Rene Forsberg. One aim of this workshop
was to focus efforts on coordinating activities on height system unification and
geoid knowledge in the Asian region, so it was entirely relevant that I should
attend to present the viewpoint from South East Asia. A number of important
and entirely relevant resolutions came from this meeting, and I will append
them to this report, although I suspect that Rene Forsberg will have already
presented them in his report to IAG on this meeting.
3.
One major issue which did emerge from this meeting was the need to
extend the geographical scope of the sub-commission into the whole of Asia,
and to perhaps encompass the whole region covered by the PCGIAP (see point
1.) However it should be recognised that some national authorities are extremely
cautious over sharing data etc. so this idea may not be practical.

Report from

International Association of Geodesy
Workshop on
Height Systems, Geoid and Gravity of the Asian-Pacific
Ulaanbaatar, Mongolia, 6-8, June, 2006

Resolutions for IAG Commission Project 2.6 “The Geoid for South East
Asia”.
At the recent IAG meeting on Height Systems, Geoid and Gravity of the AsianPacific held in Ulaanbataar in June 2006, the issues relevant to the IAG’s GGOS
program for the region, and the PCGIAP requirements for height unification in the
Asia-Pacific region were discussed, especially as they related to the critical need for a
homogeneous and precise geoid in the South East Asian region. The discussions

covered many matters, including the optimum fundamental reference surface for
heights, the need to relate the leveling networks between countries, and the apparent
lack of gravity data. The points raised included
1. Common Vertical Datum
1.
There is great value in cooperation between neighboring countries, both in
the sharing of resources, and in relating their systems to a global reference frame, in
the vertical as well as the horizontal sense.
2.
A Study Group of the IAG (ICP2.1) is very close to recommending a value
for W0 for the reference geoid for the earth. It is expected that this will ratified at the
next General Meeting at IUGG2007 in Peruggia and adopted in the upcoming earth
geopotential model EGM06. It seems timely that the national authorities move to
determine the relationship between their national leveling datum and this new global
reference for heights, and thus enable the unification of vertical datums across the
region.
3.
Note that we are not proposing that all heights in the national network are
amended to reflect the global reference system; it is aimed at unifying the heights into
one system simply for the purpose of regional geoid determinations.
4.
It is also important for countries in the region to tie their national vertical
leveling networks, in the same way the countries of Europe have done.
2. Common Data
EGM06 will be a significant asset for local precise geoid determinations, but there
will still be the need to augment the EGM06 geoid values, especially in those regions
whose data were not available for the EGM06 model, if adequate N values can be
achieved to transform GPS heights to 3rd order (or better) leveling standards
1) The main obstacle to precise geoid determination, at both the regional and
national level, is the lack of (publicly available) gravity data across the region.
2) It is known that there is data available in the national archives which are not yet
in the public domain.
3) The lack of gravity data, especially in the land border areas, is a significant
obstacle to precise geoids in these areas for all countries lying along the borders.
4) There is therefore a real need is for neighbouring countries to share gravity data
in the areas of common borders. Only then will the deterioration in precision of the
geoid determination at these borders be prevented. In contrast, there will be a
seamless transition in the geoid across national borders.
5) For similar reasons, it would be valuable for countries to share those data where
GPS has been measured at Benchmarks in the border regions – to provide geometric
control over the gravimetric determinations of the geoid.

6) Gravity data would only be needed within a 0.5 degree (50 km) zone of the
border, and at a precision equivalent, say, to that achieved by airborne techniques. In
other words, data could be degraded to the nearest 1 to 2 mGal, and with an 8 to 10
km resolution
We recognize the sensitivity in matters of sovereignty, national security and
intellectual property that exists at policy level on the sharing of data, but emphasise
that the sharing of data in the border zones is to the mutual benefit of the countries
concerned. We are convinced that there are means (such as those suggested in 2.6
above) by which these difficulties can be resolved, and that the great benefits which
accrue from sharing of data can be realized without compromising either the issues of
national or security the integrity of the geoid values.

RESOLUTION
Recognising that
there are, in the very near future, major developments in both global
geopotential models, and in the definition of the global geoid, and
there are deficiencies in the publicly available gravity data, and that
there are sensitivities on the part of national administrations regarding the
sharing of this data,
The participants of the workshop recommend
•
that, when the value of W0 is ratified at IUGG Peruggia, the national
geodetic authorities determine the offset of the national leveling datum to this global
vertical datum, and
•
that, where feasible, the levelling networks at borders regions be connected
(as was done for, e.g., European countries), so that the offsets between these
networks are established, and they can then be related to each other, and to the global
geoid, and.
•
that, when EGM06 is published, an IAG computational workshop be held in
a central location in SE Asia to establish the regional geoid for all participating
countries based upon this model. This workshop should include, where possible, the
sharing of gravity and geometric geoid values along common borders. The workshop
is to be performed in a most secure environment so as not to compromise the national
integrity or the security of these data.

Appendix 15
Progress report for IAG/Commission 2 IC-WG2:
“Evaluation of Global Earth Gravity Models”
J. Huang and C. Kotsakis
25 May 2007
The inter-commission working group (IC-WG2) on the “Evaluation of Global Earth
Gravity Models” was established between the International Gravity Field Service
(IGFS) and the Commission 2 of IAG in 2005. Its main objective is to develop
standard validation and calibration procedures, and to perform the quality
assessment of GRACE-, CHAMP- and GOCE-based satellite-only and combined
solutions for the static Earth gravity field. The following items highlight the
activities of this working group up to May 2007:
1. 27 members were invited to join the group in order to provide a global (to
the extent possible) geographical coverage for the regional EGM
evaluation tests. There are also 9 additional corresponding members in
the group’s membership. For the time being, the regions without
participation are South Asia and Middle East.
2. The members have conducted extensive evaluation tests with the various
EGMs (EIGEN-CHAMP, GGM01, GGM02, EIGEN-GRACE, and EGM06
etc.) obtained from CHAMP’s and GRACE’s mission results. The EGM
evaluation results from different regions are not consistently in agreement,
giving rise to alternative and interesting interpretations about the quality of
the current global geopotential models. A review paper on these results,
along with a general overview of the possibilities and limitations of EGM
calibration and validation procedures with the aid of external data, is in
preparation and it will be presented at the IUGG07 conference.
3. The group proposed a work plan to evaluate the upcoming EGM07 model
in collaboration with the US National Geospatial-Intelligence Agency
(NGA). For that purpose, most of the group members have benchmarked
the NGA’s spherical harmonic synthesis code in their own systems.
4. A group meeting was held on August 31, 2006 in Istanbul, during the first
IGFS International Symposium. There were about 26 participants. The
minutes from this meeting are available from the group’s webpage. The
main recommendations include publishing the EGM96 evaluation papers
online; creating the group website dedicated to the group activities; and
compiling a precise global GPS-leveling dataset. The 1st and 2nd
recommendations have been put in place. The third one is being planned.
5. A group website has been developed by C. Kotsakis to provide a forum for
the group members to obtain and contribute information related to the

group activities. The website provides a password-protected link that is
dedicated to the EGM07 evaluation. The website address is:
http://users.auth.gr/~kotsaki/IAG_JWG/IAG_JWG.html
6. Many of the group members have already provided their presentations,
reports and papers related to the WG’s objectives. This material is publicly
available and it can be downloaded from the group’s website.
7. A group meeting is planned to take place in Perugia, during the IUGG07
General Assembly. The main issues that will be discussed during this
meeting include: reviewing the current status of the group, proposing and
planning the group activities for next year, compiling a global GPS/leveling
dataset, and establishing collaboration with other groups and centers that
are currently working on similar topics.
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IAG Inter-Commission Project
ICP1.2 Vertical Reference Frames

Final Report of IAG ICP1.2
(Jointly by Commissions 1 and 2)

For the period 2003 - 2007

Author: Johannes Ihde (Germany), Chair ICP1.2
Reviewers: Bill Kearsley, Matt Amos, Bernhard Heck, Laura Sanchez

Terms of Reference of ICP1.2
The Earth’s surface may be described by its geometry and the potential of the Earth’s 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 of the Earth´s radius 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 accurately than the geometric parameters. Moreover, the
current height reference frames around the world differ in their vertical datums (e.g., the mean sea-level at the
fundamental tide gauges) and in the theoretical foundations of the height systems. There is no global height
reference system defined or realized, as with the International Terrestrial Reference System (ITRS).
Considerable progress in the definition and realization of an unified, global vertical reference system will be
achieved from the data of the new satellite gravity field and altimetry missions.
Based on the classical and modern observations, the ICP1.2 on Vertical Reference Frames shall study the
consistent modelling of both, geometric and gravimetric parameters, and provide the fundamentals for the
installation of a unified global vertical reference frame.

Objectives
•
•
•

To elaborate a proposal for the definition and realization 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 for 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.

Members
Alireza A. Ardalan (Iran), Carine Bruyninx (Belgium), Milan Bursa (Czech Republic), Tonie van Dam
(Luxemburg), Gleb Demianov (Russia), Will Featherstone (Australia), Johannes Ihde (Germany), Christopher
Jekeli (USA), Adolfientje Kasenda (Australia), Bill Kearsley (Australia), Roland Klees (Netherlands), Gunter
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Liebsch (Germany), Markku Poutanen (Finland), Laura Sanchez (Colombia), Tilo Schöne (Germany), Steve
Shipman (UK), Jaroslav Simek (Czech Republic)
During the four years the ICP1.2 working group was extended by:
Matt Amos (New Zealand), Wolfgang Bosch (Germany), Alessandro Capra (Italy), Robert Cunderlik (Slovakia),
Hermann Drewes (Germany), Bernhard Heck (Germany), Jan Krynski (Poland), Urs Marti (Switzerland), Jaakko
Mäkinen (Finland), Marcel Mojzes (Slovakia), Dan Roman (USA), Zdislav _ima (Czech Republic), Viliam Vatrt
(Czech Republic), Marc Véronneau (Canada), Marie Vojtiskova (Czech Republic), Herbert Wilmes (Germany).
During the four years the ICP1.2 working group was partly joint by:
Ruth Adams (UK), Jonas Ägren (Sweden), Susana Barbosa (Portugal),Matthias Becker (Germany), Dorota
Brzezinska (USA), Francoise Duquenne (France), Henri Duquenne (France), Jan Ferko (Slovakia), Joana
Fernandes (Portugal), Georgia Fotopoulos (Canada), Roger Hipkin (UK), Petr Holota (Czech Republic),
Jianliang Huang (Canada), Karl Heinz Ilk (Germany), Michael Kuhn (Australia), Jan Kouba (Canada), Roberto
Teixeira Luz (Brazil), Jan Marsa (Czech Republic), Jürgen Müller (Germany), Diethard Ruess (Austria),
Eimuntas Parseliunas (Lithuania), Martin Vermeer (Finland), Franziska Wild-Pfeiffer (Germany).

Meetings and workshops
−

European Vertical Reference System Workshop, 5-6 April 2004 in Frankfurt on Main, Germany (draft
minutes)

−

Business Meeting of ICP1.2, 31 August 2004, on GGSM2004 in Porto, Portugal (minutes)

−

Business Meeting of ICP1.2, 22 August 2005, on the IAG Scientific Symposium in Cairns, Australia
(minutes)

−

ICP 1.2 Workshop, 11-12 April 2006 in Prague, Czech Republic (minutes)

−

ICP1.2 Splinter/Business Meeting, 28 August 2006 at the 1st IGFS Symposium in Istanbul, Turkey

Status and Results
The results of the work of the Inter-commission Project 1.2 are documented in Conventions for the Definition
and Realization of a Conventional Vertical Reference System (CVRS) - File VRS_conventions_3.0_200705-01. In the CVRS conventions a general concept for the definition and realization of a unified, global vertical
reference system is described. The CVRS conventions are aligned to the IERS 2003 Conventions. Parts of the
IERS 2003 conventions are the basis for the CVRS conventions.
A global unified vertical reference system for an International Vertical Reference System (IVRS) can be realized
by:
−

−

A global network of stations with coordinates in ITRF and geopotential numbers referred to a
conventional global reference level. This network should include co-location of permanent GNSS, tide
gauges, permanent (SG) and periodical (AG) gravity stations.
A global reference level derived from a conventional global gravity model (CGGM) from satellite
gravity missions only in combination with a global sea level model from satellite altimetry.
Both based on a set of consistent conventional numerical standards

−

In addition local and regional gravity observations around the IVRS stations are required.

−

Regional and national height reference systems can be integrated into an IVRS by GNSS/levelling aligned to
ITRF and using the CGGM and the numerical standards.
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Changes of the solid and fluid Earth surface can be observed with respect to the conventional IVRF level by
relevant observation techniques. The IVRS level is defined by a conventional W0. The conventional IVRS level
has to be related to the instantaneous mean sea surface level (MSSL).

Deficiencies
In view to a planned ISO registry for geodetic parameters, the establishment of an information system describing
the various regional vertical reference frames and their relation to an IVRS was not realized. This includes the
determination of transformation parameters between regional vertical reference frames and the unified global
height system.
Further open topics are the relationships between an IVRS and the International Terrestrial Reference System
(ITRS) (Basic relations between ITRS and IVRS conventions, parameters, realization, models).

Proposed continuation
The realization of an IVRS is a typical item of the IAG project GGOS, mainly as a combination of different
products of IAG services.
The IAG has to clarfy inconsistencies in the numerical parameters for integrated geodetic applications.
Conventions for the definition and realization of the parameters of the MSSL have also to be agreed.
Proposed items for continuation:
−

Discussion of the results of ICP1.2 (GGOS action)

−

Initiation of a pilot project for an IVRS realization on the basis of the IGS TIGA-PP, GGP and IGFS for
AG and a CGGM (call for participation as an IGFS action)

−

Further development of the CVRS conventions

−

Decision about numerical standards as task of GGOS in cooperation with International Astronomical
Union (IAU) and international hydrological associations.

The project continuation shall be realized, in cooperation with other organizations, especially the International
Association of Hydrological Sciences (IAHS), the International Association for the Physical Sciences of the
Oceans (IAPSO), the International Hydrographic Organisation (IHO), the International Federation of Surveyors
(FIG), and. the Interservice Geospatial Working Group (IGeoWG) of NATO.

Johannes Ihde, Chair ICP1.2
June 15, 2007
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Annex:
Numerical Standards
The Geodetic Reference System 1980 (GRS 80, 1980) defines major parameters for geodetic reference systems
related to a level ellipsoid. It is agreed by the International Union of Geodesy and Geophysics (IUGG),
International Association of Geodesy (IAG) and International Astronomical Union (IAU). The GRS80
parameters are recommended by IAG for the conversion of ITRF Cartesian coordinates to ellipsoidal
coordinates. It is used worldwide for many map projections and million of coordinates are related to it.
At the IUGG General Assembly 1991 in Vienna new values for the geocentric gravitational constant GM and the
semi-major axis a of the level ellipsoid were recommended. Since this time these parameters have been used in
global gravity models e.g. EGM96. The two other defining parameters were not changed.
In the IERS 2003 conventions (Mc Carthy and Petit, 2004) numerical standards are listed (Table 1.1). These
conventions have thew effect of standards and when read with chapters 4.1.4 and 4.2.5 recommended the use of
GRS80 for transformations. The value of the geocentric gravitational constant (GM) has not changed since 1991.
The parameters in Table 1.1 have the status of standards. In parallel in chapters 4.1.4 and 4.2.5 the GRS80 is
recommended for transformations.
Table 1 contains parameters of different level ellipsoids. The gravitational constants GM of GRS80 and IERS
2003 conventions differ in the metric system by about 0.9 m. The semi-major axis of both standards differs by
0.4 m. It has to be stated, that the IERS 2003 conventions recommends different level ellipsoid parameters for
different applications.
GRS80 is recommended (and generally used) for geometrical applications. For global gravity models, various
inconsistent values are used in practice.
The IAG needs to remove this inconsistency to enable the development of integrated geodetic applications (cf.,
Hipkin, 2002). The geoid potential parameter W0 of a Global Vertical Reference System defines the relationship
of the physical heights to the Earth body. The parameter W0 must be consistent between systems to ensure the
relations to be reproducible.

Table 1. Level ellipsoid parameters
Ellipsoid

Int. Ell. 1930
(Hayford)
GRS 67

Semi-major
axis
a
in m

Flattening
f -1

Geocentric gravitational
constant GM
in 108m3s-2

6 378 388

297

6 378 160

298.247
3 986 030
298.2572221
3 986 005
± 01
3 986 004.41
± 0.01

GRS 80

6 378 137

IUGG 91

6378136.3
± 0.5

U0/W0

_e

in m2 · s-2

in m · s-2

3 986 329

IERS 2003 Conven- 6378136.6
tions
± 0.1
(zero tide)

298.25642
± 0.00001

3986004.418
± 0.008

Angular velocity of the Earth
rotation _ in

10-11 rad s-1

7 292 115

6 263
6860.850

62636856.0
± 0.5

9.78032677

(9.78032666)*

In addition to the existing IERS numerical standards other parameters shall be calculated and included in the
IERS conventions e.g.
_e
normal gravity at equator
_p
normal gravity at pole
*
not consistent with IERS 2003 Conventions
(Remark: The numerical value of W0 has to be revised in view of recent work done at the DGFI)
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Appendix 17
IAG Commission 3 – Earth Rotation and Geodynamics
Report on GGP Activities 2003-2007
D. Crossley and J. Hinderer, June 22 2007

1. Stations
We show in the Figure 1 the location of most of the stations in the GGP network for the
decade 1997-2007. The cluster of stations in Europe and N.E. Asia are shown separately.
Two stations in the network stopped recording during the current reporting period (20032007). These were Bandung, Indonesia, and Boulder, Colorado. The situation in Bandung
was instrument failure due to a sever storm that flooded the facility and lifted the instrument
off its supporting pillar. The internal components in the dewar were OK, but the damage was
too severe to be easily or quickly repaired. There has been talk of re-constituting a station in
Indonesia, but in another location. The station and instrument are run by Kyoto University,
Japan.
The situation is Boulder is different. Due to the retirement of key personnel in Boulder, the
maintenance of the data acquisition failed in May 2004 and no further data has been
available. NOAA has ownership of the instrument, and it is still functioning according to
some reports, but we are unsure of its future, whether in Boulder or elsewhere. Useful
suggestions about transferring it to Alaska, or to another site in the US have been discussed
within GGP and passed on to NOAA.
Two other stations have had troubles that have resulted in data interruptions. One is the
instrument in Kyoto that has had tilt problems for a long time that apparently have not been
fixed. Also the instrument in Syowa, Antarctica has had some drift problems and we have not
seen data for some time.
Thankfully all other stations in the network are functioning well and sending data to the GGP
database at ICET. Most of these stations have now brought themselves up to date at least into
early 2007. Walferdange has so far not sent data to GGP.
Two new stations have been recording since 2005: MunGyung in S. Korea, and Kamioka in
Japan. The former is run by J.-W. Kim of Sejong University, Korea, also associated with the
geodesy group at Ohio State University. Station Kamioka was installed in the high
technology physics underground complex for neutrino detection in central Japan. It is run
jointly by Kyoto University and NAO Mizusawa. Both of these SGs have data sets not yet
transferred to ICET. Two new instruments were installed in Hsinchu, Taiwan, by C. Hwang
and colleagues of the National Chiao Tung University. One had to be returned to GWR for
repairs but is expected back imminently. The other is recording well in an underground
facility in Hsinchu and we have seen preliminary data.
Finally, two very recent installations were completed early this year. The first is at the
historic Geodetic Observatory in Pecny, Czech Republic. The second was installed at the
Wadia Institute of Himalayan Geology in Dehradun, India to study earthquake precursory
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signals in conjunction with other geophysical methods. Both installations were successful
and we look forward to receiving their data.
As for future stations, we are anticipating the installation of an SG in Manaus, Amazon
Basin, as part of the effort of GFZ (Potsdam) to characterize the very large annual hydrology
signal over the basin seen by the GRACE satellites. The anticipated date is Fall 2007. We
also know of several other planned locations identified on the maps. There will be an SG in
Texas to monitory hydrology (C. Wilson, U. Texas, Austin), and a second instrument in
Wuhan to be installed by the Chinese Bureau of Seismology. The installation in Tahiti is in
the works, with a second instrument in the southern US at Sunspot, the site of the lunar laser
ranging facility, also being planned. The German group is planning a station on the Baltic
coast, see Figure 1(c).
Overall the list of stations will soon reach 30, of which at least 25 should be functioning
within the next year or two.

2. GGOS
Along with many other IAG organizations, GGP will contribute data to GGOS as part of the
extensive range of goals identified in the GGOS Reference Document (GGOS-2020). The
combined use of SGs and AGs to monitor the long term changes in the surface gravity field
has now become commonplace and we look forward to the opportunity to see SGs installed
at more of the fiducial (or core) stations of the proposed GGOS ground-based network. One
of the important functions of ground-based data will be to constrain the position of the
Earth’s Center of Mass as a fundamental variable in the determination of the gravity field for
space and satellite missions.
Of the current GGP stations, only a few are installed at space-geodetic stations (e.g. Wettzell,
Tigo Concepcion, Ny-Alesund, Sutherland). Many of the other installations are doing
hydrology-based research, or are functioning for a specific purpose but yet recording useful
data that can be widely used (examples given later).

3. ICET
As will be reported elsewhere, the future location and organization of the International
Center for Earth Tides is being discussed, and may be decided at meetings at the IUGG.
GGP has a a special interest in the outcome, as ICET has played a strong supporting role for
the processing of GGP data, as well as other services related to GGP. We have, of course,
contributed some ideas to the ETC and others in the IAG.

4. IRIS
We have had a project now for almost 2 years, to get GGP raw data (recorded at 1, 2, or 5 sec
sampling) into the global seismic database IRIS (Incorporated Research Institutions for
Seismology). There have been some difficulties in specifying the complete SG instrument
response in the very precise format required by seismology. To a geodesist, the issue is very
simple: what is the calibration (or scale) factor? This means the DC response of the
instrument to convert volt to acceleration. This is a topic with a long history, and it is well
known that SGs can be calibrated to better than 0.1% in amplitude (approaching 0 .02% in
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special experiments). But the phase response at high frequencies can only be accurately
measured using special equipment not normally available at SG stations. Information on the
technique is available at http://www.eas.slu.edu/GGP/phasecal.html. We have struggled
somewhat with the issue and this has delayed the project.
Happily we now have the means to finalize this issue with the help of real seismologists. This
will enable us to follow the example of station Membach. Through the efforts of M. V.
Camp, data from the MB SG (special seismic output) has been sent to IRIS for more than a
year. We are aided in this venture by GFZ Potsdam, and we promise some real results from
other GGP stations soon.

5. Workshops and Special Publications
GGP normally meets once a year in connection with a major meeting or as a stand-alone
workshop. occasions are noted for the record, since Sapporo, 2003. As always, the shorter
meetings are for business only, while the specialized workshops (in 2004, 2006) are the
major opportunity to exchange scientific information.
All events are reported in GGP Newsletters that are distributed to the GGP mailing list,
available at http://www.eas.slu.edu/GGP/ggpnews.html.
2004
(a) Earth Tides Symposium, Ottawa, Canada. Because the ETC overlaps almost
completely with the GGP community, the ET meetings are equivalent to stand-alone
GGP meetings in terms of scientific importance. The papers from this symposium are
available as a special publication of the Journal of Geodynamics (Volume 41, 2006)
http://www.sciencedirect.com/science/journal/02643707
(b) In October 2004 there was an International Symposium on Remote Sensing, held on
Jeju Island, Korea and organized by the Geohazard Information Laboratory of Sejong
University. Among the papers presented, several were from GGP and GRACE
perspectives and these are available in the Korean Journal of Remote Sensing, Vol.
21 (1), February 2005.
(c) A special issue of Journal of Geodynamics (Volume 38, 2004) was published to
summarize the achievements of the first 6-year phase of GGP. It can also be accessed
from the Science Direct website above.
2006
(a) GGP Workshop, Jena. A workshop on “Analysis of Data from Superconducting
Gravimeters and Deformation Observations regarding Geodynamic Signals and
Environmental Influences” was held in Jena in March. This brought together GGP
members and those working on the environmental influences on gravity. The
proceedings and papers from this workshop are available online through ICET
(Bulletin d’Informations des Marees Terrestre) at
http://www.astro.oma.be/ICET/bim/141.html
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2007
(a) GGP Workshop, Taiwan. The Taiwanese hosted the “First Asia workshop on
superconducting gravimetry” in Hsinchu, Taiwan, March 12-15. It had the distinction
of being the only workshop (so far) to be held within a tunnel complex only a few
meters from the SG room itself (the activities of the conference of course were
recorded in the data). The purpose of the workshop was to emphasize the increasing
number of SGs in Asia, and to focus attention on scientific problems in this part of
the world. Of special interest is the very high uplift rate of Taiwan itself, which is
currently to be monitored both by AG and SG measurements. Scientific papers from
the workshop can be found under the Scientific Program on the website
http://space.cv.nctu.edu.tw/SG/Asia_workshop.html.
(b) Just a mention here of the upcoming series of volumes on the Treatise on Geophysics,
Geodesy Volume, edited by T. Herring and G. Schubert. It includes an extensive
treatment of SG issues, as well as articles on AGs and other topics of interest to GGP.
The volumes will be released at the Fall AGU in San Francisco.
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Figure 1 (a). The worldwide distribution of SGs. Stations in yellow are operating and those in
red have been retired. Diamonds are in new (lt blue) or planned (green) locations.

Figure 1 (b). Stations in Asia
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Figure 1 (c). Stations in Europe (excluding Ny-Alesund)
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