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Foreword

The XXIV General Assembly of the International Union of Geodesy and Geophysics (IUGG) will take place in Perugia/ltaly
from July 2 to July 13, 2007. It is a good tradition to take this opportunity for a review of the progress made in the fields
of geodesy and geophysics within the period from 2003 to 2007. When the preparation of the National report has been
discussed by the members of the German Geodetic Commission there was considerable doubt whether it should still be
provided in printed form or rather distributed only electronically. The commission came to the conclusion that a printed
documentation is still appropriate and it decided to provide a printed and an electronic version. We hope that the present
report offers a useful overview of the geodetic research that has taken place in Germany during the past four years and that,
in particular for the younger colleagues, it gives some ideas for future research.

The past four years were of great importance, to German geodesy in particular and to international geodesy in general.

Geodetic measurement techniques have meanwhile attained a level of precision and reliability that make them important
tools for science and application not conceivable in previous times. Geodetic space techniques deliver global data sets that
turn out to be of high relevance for the understanding of the current changes in our Earth system. It can also be observed
that geodesy is more and more concerned with measuring temporal changes; whether it be plate motion, isostatic mass
adjustment, ice motion, sea level change or temporal variations of the Earth’s gravity field due to deglaciation, atmospheric
and ocean mass transports and the global water cycle or the variable rotation of Earth reflecting global effects of mass variations
and motion in all Earth components including the Earth deep interior. However it is not only Earth sciences; applications
extend from civil engineering, disaster management, navigation, time synchronisation to planetology and fundamental physics.

In Germany a large part of research concentrated on the analysis of data from the on-going and very successful satellite
missions CHAMP and GRACE, and on the preparation of the gravity gradiometric satellite mission GOCE. As important
are the studies concerned with Earth rotation analysis, the preparations for GALILEO, optimization of the use of GNSS,
and research towards the realization of the Global Geodetic Observing System (GGOS). This research has been funded in
part by the Federal Ministry of Education and Research in its special Geotechnologies programme within the theme
“Observation of System Earth from Space” and by the German Research Foundation (DFG) in particular with the research
unit FOR 584 “Earth Rotation and Global Dynamic Processes” and with the priority program SPP-1257 “Mass Transport
and Mass Distribution in the Earth System”.

This National Report is arranged according to the new structure of IAG. The extensive contributions of Germany to the various
IAG Services is described within the individual commission reports, except the work for the International Bibliographic
Service (IBS) which is presented in a seperate report at the end of this volume.

The German Geodetic Commission acknowledges very much the work of all colleagues who contributed and who helped
to coordinate this report. Our special thanks go to the two editors Jirgen Miller and Helmut Hornik for their excellent work
in preparing this report.

Reiner Rummel
Miinchen, 21 May 2007 permanent secretary of
the German Geodetic Commission (DGK)
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COMMISSION 1
REFERENCE FRAMES






Overview and Highlights

H. DREWES®

Overview

The activities of German scientists and institutions in the
scientific research related to reference frames shall be
highlighted according to the structure of the corresponding
IAG Commission 1, which is divided into four Sub-com-
missions, two Inter-commission Projects, and two Inter-
commission Study Groups:

-SCL1 Coordination of Space Techniques,

- SC1.2 Global Reference Frames,

- SC13 Regional Reference Frames,

- SC1.4 Interaction of Celestial and Terrestrial
Reference Frames,

- 1C-P1.1 Satellite Altimetry,

— IC-P1.2  Vertical Reference Frames,

— |IC-SG1.1 Vertical Reference Frames,
— IC-SG1.2 Use of GNSS for Reference Frames.

German scientists participated in all of these entities with
basic research, developments of methodologies and soft-
ware, and education. The investigations included theoreti-
cal, observational, analytical and product generating
activities. They also held positions as Commission officers:
HERMANN DREWES was the President of Commission 1,
MARKUS ROTHACHER acted as the President of SC1.1,
WOLFGANG BoscH chaired the IC-P1.1, JOHANNES IHDE
the IC-P1.2, and MICHAEL SCHMIDT the IC-SG1.1. Many
scientists were active in the various working groups of the
sub-commissions and projects.

The Commission’s work is closely connected with the IAG
services dealing with reference frames:

— International Earth Rotation and Reference Systems
Service (IERS),

— International GNSS Service (IGS),

— International Laser Ranging Service (ILRS),

— International VLBI Service for Geodesy and Astrometry
(1IVS),

— International DORIS Service (IDS).

— International Altimetry Service (IAS, under develop-
ment).

There was an intensive participation of German scientists
and institutions in these services, also holding superior
positions: BERND RICHTER as the Director of the IERS
Central Bureau, MARKUS ROTHACHER as the IERS analysis
coordinator, JoHN Dow as the President and GERD GENDT
as the analysis coordinator of the IGS, WOLFGANG

SCHLUTER as the President and AXEL NOTHNAGEL as the
analysis coordinator of the IVVS. Other German scientists
acted as chairs of Service’s analysis (AC), combination
(CC), data (DC) or operating centres (OC) which were
conducted by

— Bayerische Kommission fir die Internationale Erd-
messung (BEK) in the 1GS (AC for Europe),

— Bundesamt fiir Kartographie und Geodésie (BKG) in
IGS (AC and DC for Europe), ILRS (AC), and IVS (DC
and AC),

— Deutsches Geodétisches Forschungsinstitut (DGFI) in
IERS (ITRS CC), IGS (DC and AC for Latin America),
ILRS (AC, CC and DC) and IVS (AC),

— Geodétisches Institut, Universitat Bonn, (GIUB) in IVS
(AC, OC and correlator),

— GeoForschungsZentrum Potsdam (GFZ) in IGS (AC)
and ILRS (AC),

— Institut fir Erdmessung, Universitat Hannover (IfE) in
ILRS (LLR),

— European Space Operations Centre (ESOC), Darmstadt,
in IGS (AC).

These institutions also operated a large number of observa-
tion stations (GPS, SLR and VLBI) for the maintenance
of global and regional reference frames, above all the
Fundamental Station Wettzell (Germany) and the Transport-
able Integrated Geodetic Observatory (TIGO) in Concep-
cion (Chile) of BKG. Others are the SLR station in Potsdam
(GFZz), the VLBI station in O’Higgins (Antarctica, BKG)
and many GPS stations of BEK, BKG, DGFI, GFZ all over
the world.

Highlights

The most important investigations in the field of SC1.1
“Coordination of space techniques” were those done for
the combination of the different observation types (GPS,
SLR, VLBI, DORIS). Major activities were the participa-
tion in international projects, such as the IERS Combination
Pilot Project. The project “Integration of space geodetic
techniques as the basis for a Global Geodetic-Geophysical
Observing System (GGOS-D)”, financed by the German
Bundesministerium fur Bildung und Forschung (BMBF)
is to study a rigorous combination with different approaches
and software. Exactly identical constants, models and
parameters are used for the analysis in all techniques. Other
projects were the comparison and combination of precise
orbits derived from different space techniques, in particular
studies in low Earth orbiting satellites (LEOS) and the

* Hermann Drewes: Deutsches Geodatisches Forschungsinstitut (DGFI), Alfons-Goppel-Str. 11, D-80539 Munchen, Germany, Tel.
+49 - 89 - 23031-1106, Fax +49 - 89 - 23031 1240, e-mail drewes@dgfi.badw.de



10 Commission 1 — Reference Frames

interaction and consistency between the ITRF, EOP and
gravity field.

The dominating activity with respect to SC1.2 “Global
Reference Frames” were the investigations for and the
computation of the International Terrestrial Reference
Frame 2005 (ITRF2005) where several German scientists
and institutions participated. The mathematical approaches
for combining the observation results of the different
techniques were intensively studied. Input data for the
ITRF2005 were epoch (weekly or session-wise) station
coordinates and daily Earth orientation parameters (EOP).
These were provided as unique combined solutions by the
techniques’ services, in Germany by GIUB for VLBI and
(as a backup solution) by DGFI for SLR. The combination
of all the epoch solutions over a time span of more than
twenty years was done at DGFI as one of the ITRS Combi-
nation Centres. The results were inter-changed and com-
pared with the other Combination Centre at IGN, Paris. The
final solution of ITRF2005 was released in October 2006.

In SC 1.3 “Regional Reference Frames” there were several
German activities in Europe (EUREF), Latin America
(SIRGAS), Antarctica (SCAR) and Africa (AFREF), all
done within the IGS. BEK and BKG concentrated on
EUREF, DGFI on SIRGAS, and the Institut fur Planetare
Geodésie, Technische Universitét Dresden (IPGD) on the
Antarctic reference frame. Weekly station coordinate solu-
tions (as loosely constrained normal equations) are provided
for EUREF and SIRGAS. These are delivered to the IGS
Analysis Centres for global combination. DGFI also
provides weekly station coordinates consistent with the
ITRF for users in Latin America. In Antarctica there are
repeated observation campaigns, which are periodically
combined and adjusted. AFREF is still in development;
there were several meetings with German participation,
where plans for establishing an African reference frame
were discussed.

The SC1.4 “Interaction of Celestial and Terrestrial Refer-
ence Frames™ works strongly towards the realization of a
new ICRF. There were several studies concerning the
theoretical aspects of the ICRF after the new precession
model of the International Astronomical Union (IAU2000)
and the systematic effects affecting the ICRF determination.
A joint Working Group of IERS (including IVS) and IAU
was established with German participation to compute a
new ICRF in a common adjustment with the ITRF, EOP,
and precession/nutation parameters. Several test computa-
tions were done at DGFI showing the improvements with
respect to the nearly ten years old ICRF-Ext. 1.

The IC-P1.1 “Satellite Altimetry”” has the primary objec-
tives to identify the scientific requirements for a precise,
long time series of consistent altimeter observations and
to initiate the establishment of an International Altimeter
Service for such a task. A planning group (IAS-PG) was
installed under the chairmanship of WOLFGANG BOSCH. As
a first result, a call for an 1AS Integrating Office was
released in January 2007.

Main activities of IC-P1.2 “Vertical Reference Frames”
were to elaborate a proposal for the definition and realiza-
tion of a global vertical reference system and the unification
of regional (continental) height systems, which included
the computation of a global W, value from sea surface and
gravity field models. Other activities were the European
Vertical Reference System (EVRS) and the re-measurement
of the German First Order Levelling Network (DHHN).

The IC-SG1.1 lonosphere Modelling and Analysis shall
study the methodology to improve the parameters of
existing physical ionosphere models (e.g., NeQuick, IRI)
by geodetic observations (e.g., two-frequency GPS and
Satellite Altimetry data). The parameters for geodetic use
(e.g., TEC) can then be derived from such a model. There
was a close cooperation with scientists from the Inter-
national Centre for Theoretical Physics, Trieste, Italy and
the Goddard Space Flight Centre, Greenbelt, USA, with a
very promising progress.

All the activities in the IC-SG1.2 “Use of GNSS for Refer-
ence Frames™ are performed in very close cooperation with
the IGS. Topics are the integration of GPS and GLONASS
data, where several German scientists did extensive studies,
and the future adoption of the Galileo observations. There
was also a significant German contribution to the Galileo
Geodesy Service Provider (GGSP) project (BKG and GFZ).

A very important highlight of German activities in Commis-
sion 1 was the IAG Symposium “Geodetic Reference
Frames (GRF2006)” organized by DGFI and held in
October 2006 in Munich. More than 160 participants
discussed in more than 100 presentations for one week all
the topics dealt with in the Commission. A full day was
spent for joint sessions with the XXIII Congress of the
Fédération Internationale des Géométres (FIG) and the
German INTERGEO Congress, where mainly geodesists
and engineers from practice are participating, thus offering
the oportunity for direct scientific transfer.
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Combination of Space Geodetic Techniques

M. ROTHACHER!

Introduction

The combination and integration of the data of the various
space geodetic techniques like VLBI, SLR/LLR, GNSS,
and DORIS but also the satellite missions is an important
challenge of our time. The large variety of sensors should
be integrated into one Global Geodetic Observing System
(GGOS) that appears to the outside world as one large and
complex "instrument” with the goal to monitor the pro-
cesses in the Earth system. Because of the individual
strengths and weaknesses of the observation techniques,
it is a necessity to make use of their complementarity and
to combine them in order to obtain consistent and highly
accurate results. It is also clear that only the use of different,
partially redundant techniques allows it to differ between
technique-specific systematic biases and genuine geo-
dynamic/geophysical signals and, thus, to make fast pro-
gress.

A very important aspect in the combination of different
techniques is co-location. The co-location of different and
complementary instruments is crucial for several reasons:

— Without co-location sites and highly accurate local tie
information, it is impossible to establish a unique and
common global reference frame for all major space geo-
detic techniques (e.g. for sea level monitoring).

— Co-location sites allow the comparison, validation and
combination of estimated parameters common to more
than one technique. The comparison is crucial for the
detection of technique-specific biases and the combina-
tion of common parameters strengthens the solutions.

— Complementary observation techniques may be the only
way to separate different processes taking place in the
Earth system.

Both, co-location at the ground and co-location on satellites
should be considered.

Intra-technique and Inter-Technique Combi-
nations

Routine combination activities have been built up over the
last few years and take place at a few institutions in
Germany. In fact, Germany has an official intra-technique
combination center for each of the space geodetic tech-
niques (VLBI, SLR, GNSS) except for DORIS: DGFI
(Deutsches Geodatisches Forschungsinstitut) is one of two
intra-technique combination centers of the International
Laser Ranging Service (ILRS) that is routinely combining
the weekly solutions of the individual ILRS analysis centers

to produce — together with ASI, the primary combination
center — the official ILRS weekly products. At the Institute
for Geodesy and Geoinformation (IGG) at the University
of Bonn the combination of the individual weekly VLBI
solutions is performed based on solutions delivered in
SINEX files. Finally, at the GeoForschungsZentrum (GFZz)
in Potsdam the IGS combined products (satellite orbits and
satellite clocks) are generated. It should also be mentioned
that, at present, the Analysis Coordinators of the IERS
(MARKUS ROTHACHER), the IGS (GERD GENDT), and the
IVS (AXEL NOTHNAGEL) are located in Germany. Inter-
technique combinations are not yet done on a routine basis,
but considerable know-how exists at DGFI as one of the
ITRF Combination Centers (see Section "Terrestrial
Reference Frames" in this volume for more details) and at
GFZ. Most of the combination work has been done in the
framework of the Geotechnologien projects (see below) and
the new DFG Research Group "Earth Rotation and Geo-
physical Processes" (see the Section on "GGOS" in this
report for more information about these major research
programs).

Geotechnologien Project "GGOS-D"

GGOS-D (Integration of Space Geodetic Techniques as the
Basis for a Global Geodetic-Geophysical Observing
System) is probably the most important project in Germany
concerning the combination of space geodetic techniques
and therefore it is briefly described here. This project is
funded by the Federal Ministry of Education and Research
(BMBF). The participating institutions are GFZ, BKG
(Bundesamt fiir Kartographie und Geodasie), DGFI and
IGG. The project is organized similar to a small "IERS",
i.e., for each of the space geodetic techniques (VLBI, SLR,
GPS, except DORIS) two fully reprocessed solutions
(weekly SINEX files) are generated covering the entire data
span of the observation techniques, using, in each case, two
different software packages. These homogeneous series are
then combined as rigorously as possible, first on the intra-
then on the inter-technique level. In some aspects to be
mentioned here, this project goes far beyond present
international activities:

— Strict use of common standards concerning geodetic/
geophysical models and the type of parameterization for
all participating software packages — Inclusion of Low
Earth Orbiters (CHAMP, GRACE, ...) and altimetry in
addition to the space techniques SLR, VLBI, and GPS.

— Increase of the parameter space to be combined to link,
for the first time, geometry, Earth rotation, gravity field
and sea surface.

t Markus Rothacher: GeoForschungsZentrum Potsdam (GFZ), Department 1 Geodesy & Remote Sensing, Telegrafenberg A 17,
D - 14473 Potsdam, Germany, Tel. +49 - 331 288 1100, Fax +49 - 331 288 1111, e-mail rothacher@gfz-potsdam.de
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— Combination of additional parameters, namely quasar
coordinates, nutation offsets and rates, troposphere
zenith delays and gradients, and low degree spherical
harmonic coefficients of the Earth*s gravity field.

— Higher temporal resolution for some of the parameter
types (not only weekly, but also daily solutions; sub-
daily resolution of Earth rotation parameters).

Presently, the second iteration of solutions is produced and
will subsequently be combined and interpreted.

So far major research aspects have been:
— Rigorous combination of site coordinates and EOP.

— Comparison and combination of troposphere parameters
from GPS and VLBI.

— Importance of tropospheric local ties between GPS and
VLBI.

— Combination of UT1 from VVLBI and length of day from
satellite techniques (GPS, SLR).

— Combination of nutation offsets (VLBI) and rates (GPS,
SLR).

— Intensive studies of the local tie discrepancies between
techniques.

— Homogeneous multi-year solutions of the techniques.

— Impact of systematic effects on the comparison/combi-
nation results like GPS receiver and satellite phase center
variations, troposphere mapping functions, higher-order
ionospheric corrections, etc.

Details may be found in the literature given at the end of
this chapter.

Combination on the Observation Level

Combination on the level of the individual observations
certainly is one of the challenging goals. To be able to do
this, a software package has to developed that allows the
processing of all the major observation types. In Germany,
in the last few years, two software packages have been, step
by step, modified in this direction: the Bernese GPS Soft-
ware — in a joint effort of the TU Munich and the Astro-
nomical Institute, University of Berne — has been modified
to allow the processing of SLR data to GNSS satellites, to
Lageos-type satellites and to Low Earth Orbiters and to
allow the processing of VLBI data. Some work is also under
way to add DORIS to the set of observables. The second
package is the EPOS software of GFZ, where the processing
of SLR, PRARE, GPS, altimetry, K-band, etc. data is
possible. These capabilities are used to generate big global
solutions of the GPS ground network, the SLR network and
the LEOs CHAMP and GRACE in one step, correctly
taking into account all correlations. First results are very
encouraging. Solutions over longer time periods are now
produced within the GGOS-D project.

Future Activities

One of the future goals will be to also integrate Lunar Laser
Ranging solutions generated at the Institut fir Erdmessung
(IfE) in Hannover into the combination framework estab-
lished by GGOS-D. One of the major challenges will then

be, to go for a fully consistent combination of the geometric
parameters with the full set of gravity field coefficients
from CHAMP, GRACE and GOCE. On the long run, the
integration of altimetry data and the data of super-
conducting and absolute gravimeters will be a additional
challenges for the future. Finally, the combination of all
common parameters of the space geodetic techniques will
have to be followed by an integrated modelling of the
variations in the Earth deformation, in Earth rotation and
in the Earth gravity field. First attempts in this direction
have been undertaken by DGFI (Earth rotation model of
FLORIAN SEITZ) and the ocean-atmosphere-hydrology
model by MAIK THOMAS at the TU Dresden.
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