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Inter-Commission Committee on Theory (ICCT)
http://icct.kma.zcu.cz

President: Nico Sneeuw (Germany)
Vice President: Pavel Novaik (Czech Republic)

Structure

IC-SG1: Theory, Implementation and Quality Assessment of Geodetic Reference Frames
IC-SG2: Quality of Geodetic Multi-Sensor Systems and Networks

IC-SG3: Configuration Analysis of Earth Oriented Space Techniques

IC-SG4: Inverse Theory and Global Optimization

IC-SG5: Satellite Gravity Theory

IC-SG6: InSAR for Tectonophysics

IC-SG7: Temporal Variations of Deformation and Gravity

IC-SG8: Towards cm-accurate Geoid — Theories, Computational Methods and Validation
IC-SGY: Application of Time Series Analysis in Geodesy

Overview

The Inter-Commission Committee on Theory (ICCT) was formally approved and established
after the IUGG XXI Assembly in Sapporo, 2003, to succeed the former IAG Section IV on
General Theory and Methodology and, more importantly, to interact actively and directly with
other IAG entities.

The main objectives of the ICCT are:

* to be the international focal point of theoretical geodesy,

* to encourage and initiate activities to further geodetic theory,
* to monitor research developments in geodetic modelling.

The structure of the ICCT is specified in the IAG by-laws. The ICCT Steering Committee
consists of the President, the Vice-President and representatives from all IAG Commissions:

President: Nico Sneeuw (Germany)

Vice-President: Pavel Novak (Czech Republic)
Representatives:

Commission 1: Zuheir Altamimi (France)
Commission 2: Pieter Visser (The Netherlands)
Commission 3: Richard Gross (USA)

Commission 4: Sandra Verhagen (The Netherlands)

After the IUGG General Assembly in Perugia (held in July 2007), a structure of nine ICCT
Study Groups was created. They are denoted as IC-SG1 to IC-SG9, see the list above. The
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new structure, terms of reference, objectives and program of activities for the 2007-2011
period were presented in the Geodesist’s Handbook 2008 published in the Journal of Geodesy
(J Geod 82: 783-792, November 2008). During the fall of 2007, the new ICCT Website was
also established at: http://icct.kma.zcu.cz. The website is located at the web server of the
Department of Mathematics, University of West Bohemia in Pilsen, and is powered by the
MediaWiki Engine (similar to that used for the Wikipedia, a free, web-based multilingual
encyclopaedia project). Due to this setup, the content of the ICCT Website can easily be
edited by any authorized personnel (members of the ICCT Steering Committee and Chairmen
of the Study Groups). Thus, the website can be used by for fast and easy communication of
ideas among the members of the Study Groups. During 2008 the latest Study Group was
established (IC-SG9), i.e., there are currently nine active Study Groups within the ICCT.

During the 2007-2009 period, the ICCT Steering Committee organized two meetings. The
ICCT Splinter Meeting was held during the IAG International Symposium on Gravity, Geoid
and Earth Observation in Chania (June 2008). The agenda of the meeting included these
issues: the information of the ICCT President on the structure of the ICCT, organization of the
Hotine-Marussi Symposium in 2009, the new website of the ICCT and short reports of the
present chairmen of the ICCT Study Groups. The second meeting of the ICCT Steering
Committee was organized during the VII Hotine-Marussi Symposium in Rome (July 2009).
The committee was almost complete with the ICCT President, Vice-President, three of four
commission representatives and six of nine Study Group Chairmen attending the meeting. The
business meeting took place at the Academia Nazionale dei Lincei in Rome on July 8, just in
the middle of the VII Hotine-Marussi Symposium. The program of the meeting included the
evaluation of the first part of the Hotine-Marussi Symposium and the mid-term report of the
ICCT to the IAG. The SG Chairmen attending the business meeting presented shortly reports
of their Study Groups for the 2007-2009 period and outlined plans for the next two-year
period (until 2011).

The highlight of the ICCT activities in 2009 was the organization of the VII Hotine-Marussi
Symposium in Rome, 6-10 July 2009. The conference was organized by the ICCT with the
strong support from the local organizing committee under the leadership of Mattia Crespi,
University La Sapienza in Rome. The five-day program of the Symposium consisted of eight
sessions covering research areas of all nine ICCT Study Groups, namely:

* Geodetic sensor systems and sensor networks (Verhagen)

» Estimation and filtering theory, inverse problems (Kutterer, Kusche)

* Time series analysis and prediction of multi-dimensional signals (Kosek, Schmidt)

* Geodetic boundary-value problems and cm-geoid computational methods (Wang, Novak)

» Satellite gravity theory (Mayer-Giirr, Sneeuw)

» Earth-oriented space techniques and their benefit for Earth system studies (Seitz, Gross)

* Theory, implementation and quality assessment of geodetic reference frames (Dermanis,
Altamimi)

* Temporal variations of deformation and gravity (Spada, Crespi, Wolf)

Additionally, a special session was organized at the Academia Nazionale in commemoration
of Antonio Marussi (Sanso). The program of the conference consisted of 52 oral presentations
(12 of them invited) and approximately of 50 posters. In total, 112 participants from 20
countries attended the VII Hotine-Marussi Symposium.

The Hotine-Marussi Symposium was not the only scientific meeting with the visible presence
of the ICCT. At the last two EGU General Assemblies in Vienna (2008, 2009), sessions on
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recent developments in geodetic theory were co-organized and co-convened by the ICCT
President. The ICCT Vice-President is a member of the Scientific Committee of the next IAG
Scientific Meeting held in Buenos Aires, September 2009. The ICCT was also present
through its Working Groups at other meetings, see their respective reports below. The Study
Group 1 will organize the IAG School on Reference Systems that will be held for the period
May 31 - June 6, 2010 at the facilities of the Aegean University at Mytilene, Island of Lesvos,
Greece.

The activities of the ICCT are related namely to the research carried out by members of its
Study Groups. Their mid-term reports specify the areas investigated by the members of the
Study Groups, achieved results (publications and presentations) and plans for the future work.
All the SG Chairmen (but one) submitted their reports that can be found at the following
pages. Based on the content of the reports, it can be concluded that the Study Groups are
active, although the level of mutual co-operation and/or interaction between its members is
not necessarily the same for all the Study Groups.
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IC-SG1: Theory, Implementation and Quality Assessment of Geodetic
Reference Frames

Chair: A. Dermanis (Greece)
Introduction

This document presents a status report of the work undertaken by the ICCT Study Group IC-
SGI1 on “Theory, implementation and quality assessment of geodetic reference frames” since
its creation in 2007 after the [IUGG General Assembly in Perugia. It is a joint Study Group of
the ICCT, the IAG Commission 1 (Reference Frames) and the IERS (International Earth
Rotation and Reference Systems Service).

Primary Objectives of the Study Group

The primary objectives of this SG are:

e Study of models for time-continuous definitions of reference systems for discrete
networks with a non-permanent set of points and their realization through discrete time
series of station coordinate functions and related earth rotation parameters.

* Understanding the relation between such systems and reference systems implicitly
introduced in theories of earth rotation and deformation.

* Extension of ITRF establishment procedures beyond the current linear (constant velocity)
model, treatment of periodic and discontinuous station coordinate time series,
understanding of their geophysical origins and related models.

e Understanding the models used for data treatment within each particular technique,
identification of possible biases and systematic effects and study of their influence on the
combined ITRF solution. Study and improvement of current procedures for the merging
of data from various space techniques.

» Statistical aspects of reference frames, introduction and assessment of appropriate quality
measures.

Current Membership Structure

Full members:

A. Dermanis (Chair, Greece)
Z. Altamimi (France)

G. Blewitt (USA)

C. Boucher (France)

X. Collilieux (France)

H. Drewes (Germany)

F. Lemoine (USA)

A. Nothnagel (Germany)
E. Pavlis (USA)

G. Petit (France)

J. Ray (USA)

F. Sanso (Italy)
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Activities of the Study Group

The main activity of the Study Group has been the research carried out by its members which
is documented in the list of publications below. No meetings of the Study Group took place,
due to lack of sufficient overlapping of member presence at the various meetings. The Study
Group Web page has been established at: http://der.topo.auth.gr/sgrf/. A conference session
on the Study Group topic will take place at the VII Hotine-Marussi Symposium, Rome 6-10
July 2009 (Session 7: Theory, implementation and quality assessment of geodetic reference
frames, Conveners: A. Dermanis, Z. Altamimi).

Future Activities

As an initiative of the Study Group an IAG School on Reference Systems will be held for the
period May 31 - June 6, 2010, at the facilities of the Aegean University at Mytilene,
Island of Lesvos, Greece. The School will cover theoretical aspects, data assessment
and analysis for each particular technique (VLBI, SLR, GPS, Doris), their
implementation in the derivation of the International Terrestrial Reference Frame
(including computational aspects and training in the use of relevant software) as well as
the geophysical interpretation and use of the ITRF results. We have asked the IAG to
sponsor the School and official approval will be (hopefully) given at the next meeting of
the IAG Executive Board.

Publications

Abbondanza C, Altamimi Z, Sarti P, Negusini M, Vittuari L (2009) Local effects of redundant
terrestrial and GPS-based tie vectors in ITRF-like combinations. Journal of Geodesy (online).

Altamimi Z, Collilieux X (2008) IGS contribution to the ITRF. Journal of Geodesy 83: 375-
383

Altamimi Z, Gambis D, Bizouard C (2007) Rigorous combination to ensure ITRF and EOP
consistency. Proc. Journees 2007: 151-154

Altamimi Z, Collilieux C, Boucher C (2008) Accuracy assessment of the ITRF datum
definition. In: Xu P, Liu J, Dermanis A (eds), VI Hotine-Marussi Symposium on Theoretical
and Computational Geodesy. IAG Symposia 132: 101-110, Springer Berlin.

Altamimi Z, Dermanis A (2009) Theoretical foundations of ITRF determination. The
algebraic and the kinematic approach. Hotine-Marussi Symposium, Rome, 6-10 July 2009.

Altamimi Z, Collilieux X, Boucher C (2007) Preliminary analysis in view of the ITRF2005.
In: Dynamic Planet - Monitoring and Understanding a Dynamic Planet with Geodetic and
Oceanographic Tools, Tregoning P, Rizos C (eds.), Springer, ISBN-103-540-49349-5, IAG
Symposia 130: 685-691

Altamimi Z, Collilieux X, Legrand J, Garayt B, Boucher C (2007) ITRF2005: A new release
of the International Terrestrial Reference Frame based on time series of station positions and
Earth Orientation Parameters. Journal of Geophysical Research 112: 9401
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Barache C, Berio P, Bizouard C, Bouquillon S, Collilieux X, Coulot D, Deleflie F, Féraudy
Exertier P, Gontier A, Lambert S, Vanderschueren Y (2007) A first step for the French
geodetic VO. In: Proceedings of SF2A°06, Paris, France, June 2006.

Bockmann S, Artz T, Konig R, Miiller H, Nothnagel A, Panafidina N, Steigenberger P,
Thaller D, Tesmer V (2007) Consistent VLBI, GPS and SLR Time Series of Station Positions
and Troposphere Parameters. Geotechnologien Science Report 11: Observations of the
System Earth from Space. ISSN 1619-7399: 60-63

Bockmann S, Artz T, Nothnagel A, Tesmer V (2007) Comparison and combination of
consistent VLBI solutions. Geowissenschaftliche Mitteilungen, Schriftenreihe Vermessung
und Geoinformation der TU Wien, Heft 79: 82-87

Collilieux X, Altamimi Z, Coulot D, Ray J, Sillard P (2007) Comparison of very long
baseline interferometry, GPS, and satellite laser ranging height residuals from ITRF2005

using spectral and correlation methods. Journal of Geophysical Research 112: B12403,
doi:10.1029/2007JB004933

Collilieux X, Altamimi Z, Ray J, van Dam T, Wu X (2009) Effect of the satellite laser ranging
network distribution on geocenter motion estimation. Journal of Geophysical Research 114,
B04402, doi:10.1029/2008JB005727.

Collilieux X, Altamimi Z, van Dam T, Coulot D, Ray J (2008) Impact of loading effects on
the terrestrial reference frame determination (abstract). 37th COSPAR Scientific Assembly,
held in Montreal, Canada, 13-20 July 2008.

Collilieux X, Altamimi A, van Dam T, Coulot D, Ray J (2008) Impact of loading effects on
the Terrestrial Reference Frame determination. European Geosciences Union 2008 General
Assembly, Geophysical Research Abstracts, 10, EGU2008-A-06252, 2008.

Collilieux X, Altamimi Z (2008) Impact of the network effect on the origin and scale: Case
study of Satellite Laser Ranging. In: Sideris MG (ed.), Observing our Changing Earth.
Proceedings of the IAG General Assembly, Perugia, Italy, July 2-13, 2007, IAG Symposia
133, Springer Berlin.

Dermanis A (2008) The ITRF Beyond the “Linear” Model. Choices and Challenges. In: Xu P,
Liu J, Dermanis A (eds.), VI Hotine-Marussi Symposium on Theoretical and Computational
Geodesy, IAG Symposia 132: 111-118, Springer Berlin.

Drewes H (2009) Reference Systems, Reference Frames, and the Geodetic Datum. In: Sideris
MG (ed), Observing our Changing Earth, Proceedings of the 2007 IAG General Assembly,
Perugia, Italy, July 2 - 13, 2007, IAG Symposia 133: 3-9, Springer, Berlin.

Fok HS (2009) Evaluation of International Terrestrial Reference Frame Colocated Ties
through Compatibility Testing. Journal of Surveying Engineering 135: 27-32

Gamis D, Altamimi Z, Ray J (2007) Maintenance of the IERS EOP and ITRF2005
consistency. European Geosciences Union 2007 General Assembly, Geophysical Research
Abstracts 9: 08366.

Gendt G, Fang P, Ferland R, Ray J, Romero I, Steigenberger P (2007) IGS activities for
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improving its contribution to ITRF. European Geosciences Union 2007 General Assembly,
Geophysical Research Abstracts, 9, 02494,

Gross RS, Lavallée DA, Blewitt G, Clarke PJ (2008) Consistency of Earth rotation, gravity,
and shape measurements. In: Sideris MG (ed.), Observing our Changing Earth. Proceedings
of the 2007 TAG General Assembly, Perugia, July 2-13, 2007, IAG Symposia 133: 463-471,
Springer, Berlin.

Kotsakis C (2008) Reference Frame Consistency in CHAMP and GRACE Earth Gravity
Models. In: Sideris MG (ed.), Observing our Changing Earth. Proceedings of the 2007 IAG
General Assembly, Perugia, July 2-13, 2007, IAG Symposia 133: 371-378, Springer, Berlin.

Kotsakis C (2008) Transforming ellipsoidal heights and geoid undulations between different
geodetic reference frames. Journal of Geodesy 82: 249-260

Kotsakis C (2009) A study on the reference frame consistency in recent Earth gravitational
models. Journal of Geodesy 83: 31-50

Nothnagel A (2008) Conventions on thermal expansion modelling of radio telescopes for
geodetic and astrometric VLBI. Journal of Geodesy 10.1007/s00190-008-0284-z.

Nothnagel A, Rothacher M, Angermann D, Artz T, Bockmann S, Bosch W, Drewes H, Gerstl
M, Kelm R, Kriigel M, Konig D, Konig R, Meisel B, Miiller H, Richter B, Panafidina N,
Rudenko S, Schwegmann W, Steigenberger P, Tesmer V, Thaller D (2008) GGOS-D: A
German project on the integration of space geodetic technique. Proceedings of the Journées
"Systemes de Référence Spatio-Temporels", Capitaine N (ed.), Observatoire de Paris, 167-168

Ray J, Crump D, Chin M (2007) New Global Positioning System reference station in Brazil.
GPS Solutions 11: 1-10, DOI 10.1007/s10291-006-0032-x.

Ray J, Altamimi Z, van Dam T, Herring T (2007) Principles for conventional contributions to
modeled station displacements, position paper for IERS workshop on Conventions,
September 2007. http://www.bipm.org/utils/en/events/iers/Conv_PP1.txt

Ray J, Z. Altamimi, Collilieux X, van Dam T (2008) Anomalous harmonics in the spectra of
GPS position estimates. GPS Solutions 12: 55-64, DOI 10.1007/s10291-007-0067-7.

Rothacher M, Drewes H, Nothnagel A, Richter B (2007) Integration of Space Geodetic
Techniques as the Basis for a Global Geodetic-Geophysical Observing System (GGOS-D):
An Overview. Geotechnologien Science Report 11: Observations of the System Earth from
Space, ISSN 1619-7399, 75-79

Vennebusch M, Bockmann S, Nothnagel A (2007) The contribution of Very Long Baseline
Interferometry to ITRF2005. Journal of Geodesy 81: 553 — 564
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IC-SG2: Quality of Geodetic Multi-Sensor Systems and Networks
Chair: H. Kutterer (Germany)
Introduction and Primary Objectives of the Study Group

Modern geodetic observations are usually embedded in an integrated approach based on
multi-sensor systems and networks. The fields of application are as manifold as the sensors in
use. For example, total stations, GPS receivers and terrestrial laser scanners are applied in
engineering geodesy for structural monitoring purposes together with permanently installed
equipment. Geometric and physical space-geodetic sensors may serve as a second example
since they are used for the determination of global reference frames. This report comprises
relevant research in theory (uncertainty modeling and propagation, recursive state-space
filtering) and applications (design, implementation and validation of multi-sensor systems)
which has been carried out during the last two years.

Activities of the Study Group

The field of uncertainty modeling and propagation is of interest in many disciplines. It also
concerns international standardization activities in the field of metrology. Here, an approach
is broadly used which is based on stochastics — more or less on Bayesian theory in a very
technical way (ISO, 1995; ISO, 2007). As this approach relies on a special interpretation of
uncertainty — and is more or less restricted to uncertainty measures for scalar measurement
results — alternative approaches are of increased interest. Neumann et al. (2008) and Alkhatib
et al. (2009a, b) consider the joint modeling and propagation of two major types of data
uncertainty — random variability and imprecision — of vector quantities. For the modeling of
random variability a Bayesian approach in combination with Monte-Carlo simulations is used.
Imprecision is modeled using fuzzy theory which allows a more flexible concept of
uncertainty propagation. Presently, a linear propagation is considered which is more
meaningful in case of the uncertainty about systematic errors. However, depending on the
particular definition of a fuzzy vector other types of propagation are possible such as, e. g., a
quadratic propagation. Note that Koch (2008a, b) studied the same topic in a Bayesian
framework. The analysis of fuzzy data is described, e.g., in Viertl (1996); see Neumann
(2009) for some recent developments in Geodesy.

For state-space filtering recursive algorithms are of major interest as they provide the basis for
real-time applications. The classical Kalman filter is the most prominent example. In order to
take deviations from the normality and linearity assumptions into account, several extensions
have been studied. Alkhatib et al. (2008) compare the so-called extended Kalman filter (use of
functional 2™ order terms), the unscented Kalman filter (use of so-called sigma points to
approximate a non-normal distribution) and the particle filter (Monte-Carlo solution of a
Bayesian state-space filter). Meanwhile, this work has been extended with respect to both
efficiency and the use of adaptive parameters in the system equations; a dedicated publication
is in preparation. Vennegeerts and Kutterer (2009) consider efficiency issues of the
algorithmic variance-covariance propagation of geometric mass data (3D point clouds) which
are observed using a kinematic multi-sensor system (GPS, INS, terrestrial laser scanner).
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Neumann and Kutterer (2007) and Kutterer and Neumann (2009) develop a Kalman filter
extension with respect to data imprecision. Here, the set-theoretical overestimation is the main
problem as in recursive formulations some information on data dependencies gets lost. In case
of fuzzy data — defining fuzzy vectors by the so-called minimum principle — this yields true
supersets of the correct fuzzy state-space vectors. Hence, the obtained uncertainty measures
are only rough estimates (upper bounds) of the true ones. In linear estimation problems this
problem is easily overcome if the observation data uncertainty is strictly referred to originally
independent uncertain influence quantities. Hence, the same idea has been applied to state-
space recursion which has consequently been resolved for the uncertainty propagation. In this
case it is also possible to introduce adaptive system parameters.

The theoretical developments on uncertainty modeling and state-space filtering have been
supported by R&D work on kinematic multi-sensor systems using a terrestrial laser scanner as
the main sensing device.

Future Activities

In the second phase of the SG, the work on uncertainty modeling and propagation will be
continued with more emphasis on uncertainty-based quality measures such as sensitivity and
integrity. It is still necessary to look into the total uncertainty budget in detail regarding
meaningful original and independent influence quantities to better describe dependencies and
to suggest adequate uncertainty propagation techniques. Data pre-processing methods such as
differencing and averaging are of further interest. The extensions of recursive state-space
filters, mainly the particle filter, will be studied regarding efficiency and the interpretation of
the results. Although there are already some meaningful results the fuzzy extension of the
Kalman filter has not yet been completely understood; this needs to be improved. In addition,
issues of terminology will be addressed. For these purposes the performance of the SG has to
be improved. A number of colleagues working in related fields will be invited to join the SG.

Publications

Alkhatib H, Neumann I, Kutterer H (2009a) Uncertainty modelling of random and systematic
errors by means of Monte Carlo and fuzzy techniques. J Applied Geodesy 3 (2): 67-79

Alkhatib H, Neumann I, Kutterer H (2009b) Evaluating uncertainties of laserscanner
measurements in a joint Monte Carlo und fuzzy approach. In: CD-ROM Proc. XIX IMEKO
World Congress — Fundamental and Applied Metrology, September 6-11, 2009, Lisbon.

Alkhatib H, Neumann I, Neuner H, Kutterer H (2008) Comparison of Sequential Monte Carlo
Filtering with Kalman Filtering for Nonlinear State Estimation, In: Ingensand H, Stempfhuber
W (eds.): Proc. 1st International Conf Machine Control & Guidance, June 2008, Zurich, 132-
142

ISO (1995) Guide to the expression of Uncertainty in Measurements (GUM). International
Organization for Standardization, Geneva, Switzerland.

ISO (2007) Evaluation of measurement data — Supplement 1 to the “Guide to the expression
of uncertainty in measurement” — Propagation of distributions using a Monte-Carlo method.
Joint Committee for Guides in Metrology, Bureau Internationale des Poids et Mesures,
Geneva.
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Koch K-R (2008a) Evaluation of uncertainties in measurements by Monte Carlo simulations
with an application for laserscanning. J Applied Geodesy 2 (2): 67-77

Koch K-R (2008a) Determining uncertainties of correlated measurements by Monte Carlo
simulations applied to laserscanning. J Applied Geodesy 2 (3), 139-147

Kutterer H, Neumann I (2009) Fuzzy extensions in state-space filtering — some applications in
Geodesy. In: CD-ROM Proc. Mini-Symposium “Uncertainty modeling of rare/imprecise
data”, ICOSSAR, Osaka, September 13-17, 2009.

Neumann I (2009) Zur Modellierung eines erweiterten Unsicherheitshaushalts in Parameter-
schitzung und Hypothesentests. DGK, C 634, Munich (in preparation).

Neumann I, Alkhatib H, Kutterer H (2008) Comparison of Monte Carlo and Fuzzy Tech-
niques in Uncertainty Modelling. Proc. 4th IAG Symposium on Geodesy for Geotechnical
and Structural Engineering, Lisbon (CD-ROM Proceedings).

Neumann I, Kutterer H (2007) A Kalman Filter extension for the analysis of imprecise time
series. In: CD-ROM Proc. 15th European Signal Processing Conference, Poznan, Poland.

Vennegeerts H, Kutterer H (2009): Variants to compute variance information for mass data.
In: Proc. ISPRS Workshop Laserscanning 2009, Paris, September 1-2, 2009.

Viertl R (1996) Statistical Methods for Non-precise Data. CRC Press, New York London.
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IC-SG3:  Configuration Analysis of Earth Oriented Space Techniques
Chair: F. Seitz (Germany)

Introduction and Primary Objectives of the Study Group

This document presents a status report of the work undertaken in the framework of the ICCT
Study Group SG3 since its creation in 2007. Activities of the study group are focussed on
modern methods of Earth observation from space. Today, a multitude of simultaneously
operating satellite systems with different objectives is available. They offer a broad spectrum
of information on global and regional-scale processes within and/or between individual
components of the Earth system in different temporal resolutions.

The primary objective of this study group is the development of strategies for multi-mission
approaches for Earth sciences which combine complementary and redundant information
from heterogeneous space-based, air-borne and terrestrial sensors. The study group provides a
forum for researchers from various fields of space geodesy and geophysics in order to discuss
theoretical and computationan aspects of sensor combination. Special attention of the research
is turned to methodology and data analyses with view to physical processes in the Earth
system.

Since many observation techniques are restricted to the measurement of integral effects, i.e. a
combined signal of a multitude of underlying geophysical processes, it shall be investigated in
which way the combination of heterogeneous data sets allows for the separation of processes
and the identification of individual contributors. This way the study group aims on fostering
and improving the understanding of the Earth system by creating more reliable information on
processes and interactions in the subsystems of the Earth. This is especially necessary in view
of studies related to global change.

Among the most important tasks are the compilation and assessment of background
information for individual systems and sensors (mode of operation, sensitivity, accuracy,
deficiencies) as well as theoretical studies, which (new) information on the Earth system can
be gained from a combination of different observation methods. Furthermore the work
comprises theoretical studies on combination strategies and parameter estimation.

Current Membership Structure

Full members:

F. Seitz (Chair, Germany)
J. Dickey (USA)

F. Meyer (USA)

M. Motagh (Germany)
M. Schmidt (Germany)
M. Seitz (Germany)

X. Wang (Germany)
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Activities of the Study Group
Conference Contributions of SG Members

Anderssohn J, Motagh M, Walter T (2008) Magma source modeling derived from ScanSAR
and InSAR time series analysis. IAVCEI General Assembly, Reykjavik, 2008.

Albertella A, Wang X, Rummel R (2007) Filtering of Altimetric Sea Surface Heights with
local and global approaches. Joint International GSTM and DFG SPP Symposium, Potsdam,
2007.

Dickey J, Marcus S, Seitz F (2006) Freshening of the Arctic Ocean and melting effects in
Siberia and Northern Canada: Motivation and Initial GRACE Results. AGU Fall Meeting, San
Francisco, 2006.

Dickey J et al. (2007) Constraints of Global Time Variable Gravity Measurements on Global
Continental Hydrology Models. NASA Modeling, Analysis and Prediction Meeting, College
Park, USA, 2007.

Dickey J, de Viron O, Marcus S (2007) Global and Regional Modes of Mass Variability in the
GRACE Data. GRACE Science Team Meeting, Potsdam, Germany, 2007.

Dickey J, Marcus S, Chin T (2007) Thermal Wind Forcing, Atmospheric Angular Momentum
& Earth Rotation: Origin of the Earth's Delayed Response to ENSO, AGU Fall Meeting, San
Francisco, USA 2007.

Dickey J, Marcus S, Willis J (2008) Ocean Cooling: Constraints from Time-Varying Gravity
and Altimetry. GRACE Science Team Meeting, San Francisco, USA, 2008.

Dickey J, Marcus S (2008) The Changing Cryosphere in Alaska: Results and Implications.
Western Pacific Geophysical Meeting, 2008.

Dickey J, Landerer F, Zlotnicki V, Menemenlis D, Marcus S (2009) Pan-Arctic freshwater
discharge from GRACE: Variability, trends and impacts from 2003-2008. American
Meteorological Society Tenth Conference on Polar Meteorology and Oceanography,
Madison, USA, 2009.

Drewes H, Bosch W, Schmidt M, Seitz F (2008) Separation of mass signals by common
inversion of gravimetric and geometric observations. 2" Colloquium of the DFG-Priority
Programme SPP1257 'Mass transport in the Earth System', Munich, 2008.

Gottl F, Seitz F, Lemoine JM (2008) Three different approaches for the determination of polar
motion excitation series. EGU General Assembly, Vienna, Austria, 2008.

Gottl F, Schmidt M, Seitz F (2007) Contribution of non-tidal oceanic mass variations to Earth
rotation determined from space geodesy and ocean data, I[UGG XXIV General Assembly,
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Conference Sessions:

German Geodetic Week, Bremen, 2 October 2008:
Session 5: GGOS — Global Geodetic Observing System (Convenor: F. Seitz): 5 oral
presentations.

VII Hotine-Marussi Symposium, Rome 6-10 July 2009:
Session 6: Earth oriented space techniques and their benefit for Earth system studies
(Convenors: F. Seitz, R. Gross): 6 oral & 6 poster presentations.

German Geodetic Week, Karlsruhe, 24 September 2009:
Session 5: GGOS — Global Geodetic Observing System (Convenor: F. Seitz)
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IC-SG4: Inverse Theory and Global Optimization
Chair: C. Kotsakis (Greece)

There is no report available for this study group.
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IC-SGS:  Satellite Gravity Theory
Chair: T. Mayer-Giirr (Germany)
Introduction

At the present there is the unique situation in satellite geodesy. The satellite mission GOCE
was successfully launched from Plesetzk on March, 17, 2009 exactly seven years after the
launch of GRACE. Together with CHAMP this means three dedicated gravity field satellite
missions being in orbit at the same time. Besides the data processing and interpretation of the
results, the theoretical background of satellite gravity requires special attention. This study
group focuses on the following research activities:

Primary objectives and Activities of the Study Group

Members of the study group are involved in the development and implementation of different
methods for the estimation of gravity field models from satellite data. The different strategies
include the analysis of short arcs of the satellites orbit, the acceleration approach, the energy
balance approach, and the use of invariants in satellite gradiometry. Furthermore, algorithms
have been developed to deal with the large amount of data occurring especially in case of the
GOCE mission.

Noise and error treatment, aliasing problem

Especially when dealing with GRACE data it has been identified that one of the key problems
in gravity field processing is the understanding of the behaviour of the gravity field in space
and time and the resulting aliasing problem due to insufficient data coverage. Special effort
has been carried out by members of the study group to deal with the aliasing effect caused by
ocean tides on the GRACE and GOCE processing. Another approach to deal with the aliasing
problem is the adaption of the temporal and spatial gravity field parametrization, see next
section.

Gravity field modelling

Concerning different gravity field modelling techniques there is currently a large variety of
research activities taking place with a strong participation of member of the study group. One
major focus in this context is the use of regional parametrizations, such as Wavelets, radial
basis functions, or Slepian functions. In the time domain, some approaches have been
developed to model the gravity field variations by temporal splines or by use of a Kalman
filter.

Post processing, filtering

Due to the noise level present in the GRACE solutions, these gravity field solutions have to be
post-processed by filtering techniques. In the recent years there have been several publications
by members of the study group dealing with the development of sophisticated filters tailored
to the non-isotropic error structure of the GRACE gravity field solutions.
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Future satellite missions

Currently there are several simulation studies for future gravity field mission concepts have
been performed, investigating different observation types, formation flights, etc. The
underlying challenges are the improvement of spatial and temporal resolution, reduction of
temporal aliasing, as well as minimizing the effect of specific covariance characteristics of
different observations types. There exists a strong connection to IAG Sub-Commission 2.3
(Dedicated Satellite Gravity Mapping Missions).

Current Membership Structure

Full members:

T. Mayer-Giirr (Chair, Germany)
O. Baur (Germany)

W. Bosch (Germany)

P. Ditmar (Netherlands)

T. Gruber (Germany)

S.-C. Han (USA)

J. Kusche (Germany)

P. Moore (Great Britain)

M. Schmidt (Germany)

Corresponding members:
R. Pail (Austria)

M. Kern (Netherlands)

F. Wild-Pfeiffer (Germany)
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IC-SG6: InSAR for Tectonophysics

Chair: M. Furuya (Japan)
Introduction

This document is a status report of the work undertaken by the ICCT Study Group “InSAR
for Tectonophysics” since its creation in 2007. Against a backdrop of a series of SAR satellite
missions, ERS1/2, JERS, Envisat/ASAR, ALOS/PALSAR, Radarsat-1/2, TerraSAR/X, and
planned future missions (e.g. Centinel-1 and DESDyni), many interesting and exciting results
have been presented from this SSG as illustrated in the publication list. Those results include
the following research areas, related to geodetic measurement and analysis of SAR/InSAR
data and their application to tectonophysical problems: (1) SAR/InNSAR data analysis for
tectonophysics, (2) retrieval and separation of atmospheric and crustal deformation signal, (3)
modeling and interpretation of SAR/InSAR data, (4) combination of InSAR data with other
measurement sources.

Primary Objectives of the Study Group

The primary objective of this SG has been to be a focus of activities related to geodetic
measurement and analysis of SAR/InSAR data and their application to tectonophysical
problems.

Current Membership Structure

M. Furuya (Chair, Japan)
F. Amelung (USA)

A. Donnellan (USA)

Y. Fukushima (Japan)

R. Hanssen (Netherlands)
B. Heck (Germany)

S. Jonsson (Switzerland)

Z. Li (UK)

D. Sandwell (USA)

T. Wright (UK)

Activities of the Study Group

Conference Contributions of SG Members

Each of the SC members have presented their papers at a number of international meetings,
which include American Geophysical Union, European Geoscience Union, Asia Oceania
Geosciences Society, IEEE International Geoscience and Remote Sensing, the ESA’s
FRINGE2007 workshop, ALOS-PI meeting and the IAG’s 2008 GGEO meeting.

Conference Sessions

We are planning to organize a relevant session at any international meetings during the
upcoming two years.
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Future Activities

Each of the group members will conduct her/his own research around the research areas
mentioned above. During the next two years, we plan to organize a conference session to
present the cutting-edge status on “InSAR for Tectonphysics”.
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Elliott JR, Biggs J, Parsons B, Wright TJ (2008) InSAR slip rate determination on the Altyn
Tagh Fault, northern Tibet, in the presence of topographically correlated atmospheric delays.
Geophysical Research Letters 35, doi:10.1029/2008GL033659.

Baer G, Funning GJ, Shamir G, Wright TJ (2008) The 1995 November 22, M-w 7.2 Gulf of
Elat earthquake cycle revisited. Geoph J Int 175(3): 1040-1054, doi:10.1111/5.1365-
246X.2008.03901 .x.

Fukushima Y, Ozawa T, Hashimoto M (2008) Fault model of the 2007 Noto Hanto
earthquake estimated from PALSAR radar interferometry and GPS data. Earth, Planets and
Space 60: 99-104

Takada Y, Kobayashi T, Furuya M, Murakami M (2009) Coseismic displacement due to the
2008 Iwate-Miyagi Nairiku earthquake detected by ALOS/PALSAR: preliminary results.
Earth Planets Space 61: €9-e12

Kobayashi T, Takada Y, Furuya M, Murakami M (2009) Location and types of ruptures
involved in the 2008 Sichuan Earthquake inferred from SAR image matching. Geophys. Res.
Lett., d0i:10.1029/2008 GL036907.

Furuya M, Takada Y, Aoki Y (2009) PALSAR InSAR observation and Modeling of Crustal
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IC-SG7: Temporal Variations of Deformation and Gravity

Chair: D. Wolf (Germany)

Introduction

This document presents a status report of the work undertaken by the ICCT Study Group 7
since its foundation in 2007.

Primary Objectives of the Study Group

The topic of the study group is based on recent advances in ground-, satellite- and space-
geodetic techniques, which monitor temporal variations of deformation and gravity with
unprecedented accuracy over a wide period range. These variations are related to a variety of
surficial and internal earth processes. The new types of observational data require the
development of 2-D/3-D earth models and novel interpretational techniques. The primary
objectives are: (i) Development of 2-D/3-D elastic/viscoelastic earth models for simulating
the individual processes responsible for deformation and gravity variations. (ii) Forward
modelling of deformation and gravity variations caused by atmospheric, cryospheric,
hydrospheric or internal forcing functions. (iii) Inverse modelling of observed deformation
and gravity variations in terms of forcing functions or in terms of elastic/viscoelasic earth
parameters.

Current Membership Structure

Full members:

D. Wolf (Chair, Germany)
H. Abd-Elmotaal (Egypt)
M. Bevis (USA)

A. Braun (Canada)

L. Brimich (Slovak Republic)
D. Carbone (Italy)

B. Chao (Taiwan)

J. Fernandez (Spain)

L. Fleitout (France)

P. Gonzales (Spain)

E. Ivins (USA)

V. Klemann (Germany)

Z. Martinec (Ireland)

G.A. Milne (Canada)

J. Miiller (Germany)

Y. Rogister (France)

H.-G. Scherneck (Sweden)
G. Spada (Italy)

W. Sun (Japan)

Y. Tanaka (Japan)

P. Vajda (Slovak Republic)
P. Varga (Hungary)

L.L.A. Vermeersen (Netherlands)
P. Wu (Canada)
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Corresponding members:
J. Davis (USA)

E.W. Grafarend (Germany)
J. Hinderer (France)

L.E. Sjoberg (Sweden)

Activities of the Study Group

The major activity of the study group has been the organization of the 3™ Workshop on
‘Deformation and Gravity Change: Indicators of Isostasy, Tectonics, Volcanism and Climate
Change’. The Workshop took place on Lanzarote, Spain, during February 23-26, 2009.
Responsible for the scientific organization were D. Wolf (Germany), J. Fernandez (Spain) and
P. Gonzéles (Spain). The workshop was attended by 14 participants presenting 16 talks or
posters. Details of the workshop are documented in a ‘Program and Abstracts’ booklet.

Publications

The main publication activity of the study group has been the preparation of a Pageoph topical
volume entitled ‘Deformation and Gravity Change: Indicators of Isostasy, Tectonics and
Climate Change, Volume 2’ edited by D. Wolf, J. Fernandez and P. Gonzales. The volume (in
print) has approximately 400 pages with 16 contributions. Many of the publications in it were
presented at the 2™ Workshop on ‘Deformation and Gravity Change: Indicators of Isostasy,
Tectonics, Volcanism and Climate Change’ that took place on Lanzarote, Spain, during
March 27-30, 2007. Volume 1 was published in 2007 and documents the 1* Workshop held in
2005. Together, the two volumes reflect the activities of the ICCT Working Group 2 on
‘Dynamic Theories of Deformation and Gravity Fields’ that existed during 2003-2007.

Future Activities

It is intended to document the 3™ Workshop in a further topical volume. The details are
presently discussed by the organizers of the workshop.
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IC-SG8: Towards cm-accurate Geoid — Theories, Computational
Methods and Validation

Chair: Y.M. Wang (USA)
Primary Objectives of the Study Group

The Inter-Commission Study Group (SG 8) focuses on the theories and computation methods
for cm-accurate geoid. Geoid computation is a sophisticated process. Its accuracy depends on
a precise theory and quality data. Computation methods are important as well. Decimeter
differences have been reported purely due to the use of different computation methods. The
cm-geoid is a challenge not only to theoreticians, but also to practitioners.

Since the creation of the SG, the focus has been placed on the following topics:

*  Optimal combination of global gravity models with local gravity data.

* Rigorous calculation of the topographic effect, refinement of the topographic and gravity
reductions.

* Studies on harmonic downward continuations.

* Non-linear effect of the geodetic boundary value problems on geoid determinations.

» The effect of topographic density variations on the Earth's gravity field, especially the
geoid.

The geoid has applications in other disciplines, such as in oceanography. Joint efforts between
different disciplines have produced useful results.

Current Membership Structure

Y .M. Wang (USA, Chair)
W. Featherstone (Australia)
N. Kiihtreiber (Austria)
H. Moritz (Austria)

M.G. Sideris (Canada)

M. Véronneau (Canada)
J. Huang (Canada)

M. Santos (Canada)

J.C. Li, (China)

D.B. Cao (China)

W.B. Shen (China)

Z. Martinec (Czech Republic)
R. Forsberg (Denmark)
O. Anderson (Denmark)
H. Abd-Elmotaal (Egypt)
H. Denker (Germany)

B. Heck (Germany)

W. Freeden (Germany)

E. Grafarend (Germany)
J. H. Kwon (South Korea)
L. Sjoberg (Sweden)

D. Roman (USA)

J. Saleh (USA)
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D. Smith (USA)
Main Activities of the Study Group

This document presents the status report of IC-SG 8 since its creation in 2007. During the
period 2007-09 the SG established its terms of references, organized its membership structure,
adopted an Internet site, and proposed focus items. We also proposed to have a group meeting
at IAG 2009 Science Meeting. This report can only cover the main activities of SG members
and that there are more activities within as well as outside the SG. The material presented here
has been compiled from information and feedback obtained from individual SG members.
Important developments by research outside the SG are also included.

Sjoberg (2008, 2009) continues research in the topographic bias. Since the downward
continuation is always associated with instability and may be divergent, his simple formula
for the bias has been under stringent scrutiny. The relationship between the height anomaly
and geoid height in Heiskanen and Moritz (1967) is an approximation. Flury and Rummel
(2009) find the separation between the two surfaces is much smaller. In the Alps, it is only 30
cm at the highest summit—while results based on approximations are often larger by several
decimeters. Huang and Novak (2008) revisited their one step geoid computation that
combines the Stokes integral and the harmonic downward continuation, aimed to avoid the
step function caused by computation blocks. Huang et al (2009) also computed a gravimetric
geoid in combination with mean see surface height to determine the Labrador Current. Abd-
Elmotaal and Kiihtreiber (2007a, b) compared the method of Stokes kernel modification and
the Window Technique used in geoid computation. They (2008) also attempted on the optimal
combination surface gravity data with a global coefficient model. The method of optimal
combination of the deflections of the vertical and the surface gravity anomaly is also proposed
by Kiihtreiber and Abd-Elmotaal H (2007). Ellmann (2009) showed a large difference (9 cm
standard deviation) between the geoids computed by using different kernel modifications. The
difference is one order larger than the cm-geoid requirement. Similar results are obtained by
other researchers. This draws attention to how to use the kernel modification method properly.
Traditionally, the gravimetric geoid is fitted to GPS/levelling data. Featherstone and Lichit
(2009) fitted the deflections of the vertical to a geoid model. Wang et al (2008) computed the
direct and indirect effects on a global scale in 30” resolution. Different ways of downward
continuation are proposed and tested in a rugged high mountain region.

Future Activities

During the upcoming two-year period 2009-11 the SG aims to work on the special subjects listed
above. Because the differences between the geoid computed from different methods are almost
one order larger than cm—geoid requirement, the SG intents to set up a special sub-study group
investigate this issue. Strategy of the investigation and structure of the sub-group will be
discussed at SG group meeting at IAG 2009. Since the geoid computation is the prime task of the
physical geodesy, cooperation between study groups is proposed.
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Publications and Conference Presentations
Publications

Abd-Elmotaal H (2007a) Reference Geopotential Models Tailored to the Egyptian Gravity
Field. Bollettino di Geodesia e Scienze Affini 66(3): 129-144

Abd-Elmotaal H (2007b) High-Degree Geopotential Model Tailored to Egypt. Proc. 1st Int.
Symp. of the IGFS, Harita Dergisi, Ozel Say1 18: 187-192

Abd-Elmotaal H (2009) Evaluation of the EGM2008 geopotential model for Egypt. Newton's
Bull. 4: 185-199

Abd-Elmotaal H, Kiihtreiber N (2007a) Comparison between Window Technique and
Modified Stokes’ Kernel in Geoid Determination for Austria. Osterreichische ZfV &
Geoinformation 95(4): 267-274

Abd-Elmotaal H, Kiihtreiber N (2007b) Modified Stokes' Kernel versus Window Technique:
Comparison of Optimum Combination of Gravity Field Wavelengths in Geoid Computation.
Proc. 1st Int. Symp. of the IGFS, Harita Dergisi, Ozel Say1 18: 102-107

Abd-Elmotaal H, Kiihtreiber N (2008a) An Attempt towards an Optimum Combination of
Gravity Field Wavelengths in Geoid Computation. In: Sideris MG (ed.), Observing our
Changing Earth, IAG Symposium 133: 203-209

Abd-Elmotaal H (2008b) Gravimetric Geoid for Egypt using High-Degree Tailored Reference
Geopotential Model. Presented at the 1st Arab Conference on Astronomy and Geophysics
“ACAG-1”, Cairo, Egypt, October 20-22, 2008.

Abd-Elmotaal H (2009) Evaluation of the EGM2008 geopotential model for Egypt. Newton's
Bulletin 4: 185-199

Amos MJ, Featherstone WE (2009) Unification of New Zealand’s local vertical datums:
iterative gravimetric quasigeoid computations. J Geod 83: 57-68

Darbeheshti N, Featherstone WE (2009a) Non-stationary covariance function modelling in 2D
least-squares collocation. J Geod 83: 495-508

Darbeheshti N, Featherstone WE (2009b) Non-stationary covariance function modelling in
2D least-squares collocation. J Geod. 83: 495-508

Featherstone WE, Lichti DD (2009) Fitting gravimetric geoid models to vertical deflections.
J Geod. 83: 583-589

Flury J, Rummel R (2009) On the geoid-qusigeoid separation in mountain areas, J Geod.

Huang J, Véronneau M (2009) Evaluation of the GRACE-based Global Gravity Models in
Canada. In: External quality evaluation reports of EGMO08, Newton's Bulletin 4: 66-72
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Huang J, Veronneau M, Mainville A (2008) Assessment of systematic errors in the surface
gravity anomalies over North America using the GRACE gravity model. Geophys. J. Int.175:
46-54, doi: 10.1111/5.1365-246X.2008.03924.x.

Kiihtreiber N, Abd-Elmotaal H (2007) Ideal Combination of Deflection Components and
Gravity Anomalies for Precise Geoid Computation. In: Tregoning P, Rizos C (eds.), Dynamic
Planet, IAG Symposia 130: 259-265

Kiihtreiber N, Abd-Elmotaal H (2009) The Geoid as a Transformation Surface. Presented at
the General Assembly of the European Geosciences Union (EGU), Vienna, Austria, April 19
24, 2009.

Kuhn M, Featherstone WE, Kirby JF (2009) Complete spherical Bouguer gravity anomalies
over Australia. Australian Journal of Earth Science 56: 209-219

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

Rangelova E, Fotopoulos G, Sideris MG (2009) On the use of iterative re-weighting least-
squares and outlier detection for empirically modelling rates of vertical displacement. J Geod
83:523-535

Thompson KR, Huang J, Veronneau M, Wright DG, Lu Y (2009), Mean surface topography
of the northwest Atlantic: Comparison of estimates based on satellite, terrestrial gravity, and
oceanographic observations. J. Geophys. Res., d0i:10.1029/2008JC004859, in press.

Conference Presentations

Abd-Elmotaal H (2007) Tailored Reference Geopotential Model for Egypt. 24th General
Assembly of the International Union of Geodesy and Geophysics IUGG, Perugia, July 2007.

Abd-Elmotaal H (2008) Gravimetric Geoid for Egypt using High-Degree Tailored Reference
Geopotential Model. 1st Arab Conference on Astronomy and Geophysics “ACAG-1, Cairo,
Egypt, October 2008.

Abd-Elmotaal H (2008) Evaluation of PGM2007A Geopotential Model in Egypt. IAG
International Symposium on Gravity, Geoid and Earth Observation “GGEO 2008, Chania,
June 2008.

Abd-Elmotaal H, Kiihtreiber N (2008) Gravity Interpolation in Mountainous Areas. General
Assembly of the European Geosciences Union (EGU), Vienna, April 2008.

Ellmann A (2009) Deterministic and stochastic modifications of the Stokes formula. General
Assembly of the European Geosciences Union (EGU), Vienna, April 2008.

Featherstone WE (2007) Quassie-Geoid: The anticipated new Australian geoid-type model.
International Union of Geophysics and Geodesy, XXIV 2007, Perugia, Report of the
International Association of Geodesy 2007-2009 — Travaux de I’Association Internationale
de Géodésie 2007-2009.
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Huang J, Novak P (2008) One- and Two-Step Integral Solutions for Gravimetric Geoid —
Revisited. American Geophysical Union Fall Meeting, 15-19 December 2008, San Francisco.

Huang J, Véronneau M (2008) Will ESA's gravity mission GOCE improve the Canadian
geoid model? In: Canadian Geophysical Union annual scientific meeting.

Kotsakis C, Gruber T (2007) Review of Evaluation Methods and Test Results for the Quality
Assessment of Earth Gravity Models, International Union of Geophysics and Geodesy, XXIV
2007, Perugia.

Kadlec M, Novak P, Tsoulis D (2008) Comparison of two modeling strategies for evaluation
of the terrain correction using high resolution digital elevation models. IAG International
Symposium "Gravity, Geoid and Earth Observation", Chania, June, 2008.

Kiihtreiber N, Abd-Elmotaal H (2009) The Geoid as a Transformation Surface. Presented at
the General Assembly of the European Geosciences Union (EGU), Vienna, April 2009.

Li X, Roman D, Saleh ] Wang YM (2008) High Resolution DEM over Alaska and Its
Application to Geoid Modeling. Eos Trans. AGU,89(53), Fall Meet.

Moritz H (2008) Great Mathematicians and the Geosciences: From Leibniz and Newton to
Einstein and Hilbert. Presented to the Leibniz Society of Sciences at Berlin November 14,
2008.

Roman D (2007) The impact of littoral aerogravity on coastal geoid heights. International
Union of Geophysics and Geodesy, XXIV 2007, Perugia, Italy

Saleh J, Wang YM, Roman D, Li X, Smith D (2008) USGGO08 — A new gravimetric geoid for
the US. Eos Trans. AGU,89(53), Fall Meet.

Santos M (2007) Insights into the Mexican Gravimetric Geoid (GGMO05). International Union
of Geophysics and Geodesy, XXIV 2007, Perugia, Italy.

Wang YM (2007) Accurate Account of the Topographic Effect on the Geoid Computations.
International Union of Geophysics and Geodesy, XXIV 2007, Perugia, Italy.

Wang YM, Saleh J (2008) On the Use of the EGM08 Geopotential Model for Local Geoid
Computations, Eos Trans. AGU,89(53), Fall Meet.
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IC-SGY9:  Application of Time-Series Analysis in Geodesy
Chair: W. Kosek (Poland)

Introduction

The IC-SGY “Application of time-series in geodesy” was created in July 2008.

Observations of the new space geodetic techniques (geometric and gravimetric) deliver a
global picture of dynamics of the Earth usually represented in the form of time series which
describe 1) changes of the surface geometry of the Earth due to horizontal and vertical
deformations of the land surface, variations of the ocean surface and ice covers, 2) the
fluctuations in the orientation of the Earth divided into precession, nutation, polar motion and
spin rate, and, 3) the variations of the Earth’s gravitational field as well as the variations of the
centre of mass of the Earth. Geometry, Earth rotation and the gravity field are the three
components of the Global Geodetic Observing System (GGOS). The vision of GGOS is to
integrate all observations and elements of the Earth’s system into one unique physical and
mathematical model. However, the temporal variations of Earth rotation and gravity/geoid
represent the total, integral effect of all mass exchange between all elements of Earth’s system
including atmosphere, ocean and hydrology.

Different time series analysis methods are applied to analyze all these geodetic time series for
better understanding of the relation between all elements of the Earth’s system as well as their
geophysical causes. The interactions between different components of the Earth’s system are
very complex so the nature of considered signals in the geodetic time series is mostly
wideband, irregular and non-stationary. Thus, it is necessary to apply time frequency analysis
methods in order to analyze these time series in different frequency bands as well as to
explain their relations to geophysical processes e.g. by computing time frequency coherence
between Earth’s rotation or the gravity field data and data representing the mass exchange
between the atmosphere, ocean and hydrology. The techniques of time frequency spectrum
and coherence may be developed further to display reliably the features of the temporal or
spatial variability of signals existing in various geodetic data, as well as in other data sources.

Geodetic time series may include for example variations of site positions, tropospheric delay,
ionospheric total electron content, temporal variations of estimated orbit parameters. Time
series analysis methods can be also applied to analyze data on the surface including maps of
the gravity field, sea level and ionosphere as well as temporal variations of such surface data.
The main problems to deal with concern the estimation of deterministic (including trend and
periodic variations) and stochastic (non-periodic variations and random changes) components
of the geodetic time series as well as the application of digital filters for extracting specific
components with a chosen frequency bandwidth.

The multiple methods of time series analysis may be encouraged to be applied to the
preprocessing of raw data from various geodetic measurements in order to promote the quality
level of enhancement of signals existing in the raw data. The topic on the improvement of the
edge effects in time series analysis may also be considered, since they may affect the
reliability of long-range tendency (trends) estimated from data series as well as the real-time
data processing and prediction.

For coping with small geodetic samples one can apply simulation-based methods and if the
data are sparse, Monte-Carlo simulation or bootstrap technique may be useful.
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Understanding the nature of geodetic time series is very important from the point of view of
appropriate spectral analysis as well as application of filtering and prediction methods.

Primary Objectives of the Study Group

» Study of the nature of geodetic time series to choose optimum time series analysis
methods for filtering, spectral analysis, time frequency analysis and prediction.

» Study of Earth rotation and gravity field variations and their geophysical causes in
different frequency bands.

* Evaluation of appropriate covariance matrices for the time series by applying the law of
error propagation to the original measurements, including weighting schemes,
regularization, etc.

* Determination of the statistical significance levels of the results obtained by different time
series analysis methods and algorithms applied to geodetic time series.

* Comparison of different time series analysis methods in order to point out their
advantages and disadvantages.

* Recommendations of different time series analysis methods for solving problems
concerning specific geodetic time series.

Current Membership Structure

Full members:

W. Kosek (Chair, Poland)
M. Schmidt (Germany)

J. Vondrék (Czech Republic)
W. Popinski (Poland)

T. Niedzielski (Poland)

J. Boehm (Austria)

D. Zheng (China)

Y. Zhou (China)

M.O. Karslioglu (Turkey)
O. Akyilmaz (Turkey)

L. Fernandez (Argentina)
R. Gross (USA)

O. de Viron (France)

S. Petrov (Russia)

M. van Camp (Belgium)
H. Neuner (Germany).

Corresponding members:
M. Schmidt (Germany)

Activities of the Study Group
Conference Contributions of SG Members
Boehm J, Salstein D, MacMillan D, Steigenberger P, Schindelegger M, Englich S, Schuh H

(2009) Hourly Earth rotation parameters and atmospheric angular momentum functions for
CONTOS8. EGU General Assembly, Vienna, 19-24 April 2009.
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Fang M, Zhou YH, Salstein D, Hager BH (2009) The equivalence of gravitational and
centrifugal torques in the equatorial plane in a shallow atmosphere. EGU General Assembly,
Vienna, 19-24 April 2009.

Gross RS (2009) Ocean tidal effects on length-of-day. Geophys. Res. Abs. 11, Abstract
EGU2009-1558.

Gross RS, van Dam T, Zlotnicki V (2008) The impact of the oceans on global geodetic
properties of the Earth (invited). EOS Trans. AGU 89(53), Fall Meeting Suppl., Abstract
OS41F-08.

Kalarus M, Kosek W, Schuh H (2008) Summary of the Earth Orientation Parameters
Prediction Comparison Campaign. EGU General Assembly 2008, Vienna, Austria, 13-18
April 2008, abstract: EGU2008-A-00595.

Kosek W, Rzeszotko A, Popinski A (2008) Contribution of wideband oscillations of the EOP
data excited by the fluid excitation functions to their prediction errors. EGU General
Assembly 2008, Vienna, Austria, 13-18 April 2008, abstract: EGU2008-A-05133.

Kosek W, Rzeszdtko A, Popinski W (2008) Contribution of wide-band oscillations excited by
the fluid excitation functions to the prediction errors of the pole coordinates data. Journées

"Systemes de référence spatio-temporels" and X. Lohrmann-Kolloquium, 22-24 September,
2008, Dresden.

Kosek W, Popinski W, Rzeszotko A, Niedzielski T (2008) The causes of the prediction errors
of the x, y pole coordinates data. AGU Fall Meeting, 15-19 December 2008, San Francisco.

Kosek W (2009) Causes of prediction errors of pole coordinates data. 6th Orlov Conference,
"The study of the Earth as a planet by methods of geophysics, geodesy and astronomy", June
22-24,2009, MAO NAS of Ukraine, Kiev.

Kosek W, Popinski W (2009) Forecasting of pole coordinates data by combination of least-
squares, wavelet transform decomposition and autocovariance prediction. VII Hotine-Marussi
Symposium, Rome 6-10 July, 2009.

Kosek W (2009) Future improvements in EOP prediction. IAG conference Geodesy for
Planet Earth, Buenos Aires, August 31 to September 4, 2009.

Kosek W, Niedzielski T (2009) The statistical characteristics of altimetric sea level anomaly
time series, IAG, Geodesy for Planet Earth, Buenos Aires , August 31 to September 4, 2009.

Niedzielski T, Kosek W (2008) Prediction accuracy of sea level anomalies data in the east-
equatorial Pacific region in time of El Nino, La Nino and normal conditions. EGU General
Assembly 2008, Vienna, Austria, 13 — 18 April 2008.

Niedzielski T, Kosek W (2008) Regional sea level prediction and its relation to El Nino
Southern Oscillation. Journées "Systémes de référence spatio-temporels" and X. Lohrmann-
Kolloquium, 22-24 September 2008, Dresden.
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Niedzielski T, Kosek W (2008) Analysis and prediction of altimetric sea level variations
during ENSO, and normal conditions. 16th International Workshop on Laser Ranging, 13-17
October 2008, Poznan.

Niedzielski T, Kosek W (2009) Prediction analysis of UT1-UTC time series by combination
of the least-squares and multivariate autoregressive method. VII Hotine-Marussi Symposium,
Rome, 6-10 July 2009.

Rzeszétko A, Kosek W, Popinski W (2008) Comparison of time-frequency characteristics
between geodetic and geophysical excitation functions of polar motion. Journées "Systemes
de référence spatio-temporels" and X. Lohrmann-Kolloquium, 22-24 September 2008,
Dresden.

Salstein D, Quinn K, Long C, Zhou YH, Nastula J, Boechm J (2009) Atmospheric datasets for
angular momentum and excitations of Earth Rotation. International Association of Geodesy
(IAG) Assembly, Buenos Aires, 2009.

Schmidt M (2008) Multi-dimensional representation of the electron density from satellite
data. URSI General Assembly, Chicago.

Schmidt M (2008) Multi-dimensional representation of the ionosphere from COSMIC.
George Mason University, Seminar, Fairfax.

Schmidt M (2008) Spatio-temporal multi-resolution representation of the gravity field from
satellite data. Goddard Space Flight Centre, Seminar, Greenbelt.

Schmidt M (2008) Spatio-temporal multi-resolution representation of the gravity field from
satellite data. Ohio State University, Columbus.

Schmidt M (2008) Multi-dimensional representations of VTEC from satellite data and IRI,
EGU General Assembly 2008, Vienna.

Schmidt M (2009) Towards a Multi-Scale Representation of the lonosphere in Near Real-
Time. Real-Time IRI Task Force Workshop, Colorado Springs, May 4-6, 2009.

Schmidt M, Zhang J, Moessmer M (2009) Comparison of a global B-Spline VTEC model
with a spherical harmonic expansion. European Geophysical Union 2009, Vienna.

Sen AK, Niedzielski T, Kosek W (2008) Is length of day time series normally distributed?
Journées "Systémes de référence spatio-temporels" and X. Lohrmann-Kolloquium, 22-24
September 2008, Dresden.

Sen A, Niedzielski T, Kosek W (2008) Probability models of the x, y pole coordinates data.
AGU Fall Meeting, 15-19 December 2008, San Francisco.

Schuh H, Kosek W, Kalarus M, Akyilmaz O, Gambis D, Gross R, Jovanovic B, Kumakshev
S, Kutterer H, Mendes Cerveira PJ, Pasynok S, Zotov L (2008) Earth Orientation Parameters

Prediction Comparison Campaign - first summary. EGU General Assembly 2008, Vienna, 13
— 18 April 2008.
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Study Group Webpage

The webpage of the group is http://www.cbk.waw.pl/~kosek/ICSGY/.

Conference Sessions

*  Michael Schmidt - EGU General Assembly 2008, Vienna, Austria
* Michael Schmidt - EGU General Assembly 2009, Vienna, Austria

Future Activities of the Group

The IERS Workshop on EOP Combination and Prediction will be held in Warsaw on October
19-21 2009. The Session 3 of this Workshop “EOP prediction techniques and algorithms”
will be convened by W. Kosek and W.H. Wooden. This session present different EOP
prediction techniques as well as results of EOP predictions provided by them and will
cover three of the aspects given in primary objectives of the Study Group (1, 4, 5 and 6).
Among all the topics concerning time sere analysis methods (e.g., filtration, spectral
analysis and prediction), prediction is the most difficult because good approximation does
not guarantee good forecast due to irregular variations of the EOP.

Publications

Akyilmaz O, Arslan N (2008) An experiment of predicting Total Electron Content (TEC) by
fuzzy inference systems. Earth Planets Space 60(9): 967-972

Fernandez LI (2008) Analysis of Geophysical Variations of the C20-coefficient of the
geopotential. International Association of Geodesy Symposia 133: Observing our Changing
Earth. Sideris MG (ed.), XVI, ISBN: 978-3-540-85425-8, Springer-Verlag: 493-500.

Fernandez LI, Meza AM, Natali MP (2009a) Determinacion del contenido de vapor de agua
integrado (IPWV) a partir de mediciones GPS: Primeros resultados en Argentina, Geoacta 34,
ISSN 0326-7237 (in press).

Fernandez LI, Salio P, Natali MP, Meza AM (2009b) Estimation of the precipitable water
vapor from GPS measurements in Argentina: validation and qualitative analysis of the results.
Submitted to Advances in Space Research.

Gross RS (2009) Ocean tidal effects on Earth rotation. J. Geodyn., in press.

Gross RS (2008) An improved empirical model for the effect of long-period ocean tides on
polar motion, J. Geodesy, doi:10.1007/s00190-008-0277-y.

Gross RS, Lavallée DA, Blewitt G, Clarke PJ (2009) Consistency of Earth rotation, gravity,
and shape measurements. In: Observing Our Changing Earth, Sideris MG (ed.): 463-472,
IAG Symposia 133, Springer-Verlag, New York.

Kalarus M, Kosek W, Schuh H (2008) Current results of the Earth Orientation Parameters
Prediction Comparison Campaign. Proc. Journées 2007, Systémes de Référence Spatio-
Temporels "The Celestial Reference Frame for the Future". Capitaine N (ed.), Observatoire
de Paris Systéemes de Référence Temps-Espace UMR8630/CNRS, Paris: 159-162
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Kosek W, Kalarus M, Niedzielski T (2008) Forecasting of the Earth orientation parameters —
comparison of different algorithms, Proc. Journées 2007, Systémes de Référence Spatio-
Temporels "The Celestial Reference Frame for the Future". Capitaine N (ed.), Observatoire
de Paris Systémes de Référence Temps-Espace UMR8630/CNRS, Paris: 155-158

Kosek W, ,Rzeszotko A, Popinski W (2008) Contribution of wide-band oscillations excited
by the fluid excitation functions to the prediction errors of the pole coordinates data.,
submitted to Proc. Journées 2008, "Systemes de réféerence spatio-temporels" and X.
Lohrmann-Kolloquium, 22-24 September 2008, Dresden.

Kosek W, Popinski W, Rzeszotko A (2008) An influence of wide-band oscillations in pole
coordinates caused by atmospheric, ocean and hydrology excitation functions on their
prediction errors., Reports on Geodesy, Proc. of the seminar ,,Studies of the Earth crust
deformation in central Europe", Astro-Geodetic Observatory in Jozefostaw, 29-30 September
2008, Warsaw University of Technology, Department of Geodesy and Geodetic Astronomy:
37-48

Natali MP, Miiller M, Fernandez L, Brunini C (2009) CPLat: first operational Experimental
Processing Center for SIRGAS in Argentina. Journal of Geodesy 83: 219-226, doi:
10.1007/s00190-008-0270-5.

Niedzielski T, Kosek W (2008) Forecasting sea level anomalies from TOPEX/Poseidon and
Jason-1 satellite altimetry. Journal of Geodesy, doi: 10.1007/s00190-008-0254-5.

Niedzielski T, Kosek W (2008) Regional sea level prediction and its relation to El Nino
Southern Oscillation. Submitted to Proc. Journées 2008, "Systémes de référence spatio-
temporels" and X. Lohrmann-Kolloquium ,22-24 September 2008, Dresden.

Niedzielski T, Kosek W (2008) Forecasting irregular variations caused by ENSO in LOD and
UTI1-UTC time series. Proc. Journées 2007, Systémes de Référence Spatio-Temporels "The
Celestial Reference Frame for the Future". Capitaine N (ed.), Observatoire de Paris Systémes
de Référence Temps-Espace UMR8630/CNRS, Paris: 222-223

Popinski W (2009) Insight into the Fourier transform band pass filtering technique. Accepted
to Artificial Satellites.
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