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Comparisons of Long-term Station Position Time Series 

As part of the quality assessment for the IVS combined products, long-term time series of 
station positions of each individual IVS Analysis Centre, derived from the submitted normal 
equations, have been compared with each other. Through this, systematic offsets in the height 
component of up to 1 cm have been detected between solutions analysed with the VLBI 
analysis software packages OCCAM and CALC/SOLVE. In order to find the reason for these 
discrepancies several models used in both software packages have been compared. It turned 
out that the systematic offsets were mainly caused by differences in the pole tide model. In the 
CALC/SOLVE solutions, a model for the annual mean pole was used, which was not in 
agreement with the IERS Conventions 2003. Therefore, all analysis centres using 
CALC/SOLVE reprocessed their solutions with the conventional pole tide model according to 
the IERS Conventions 2003 and most of the discrepancies disappeared. Since the IVS input to 
ITRF2005 was affected by the same inconsistency, the ITRF2005 was also affected by this 
oversight, though not to the full extent. 

VTRF2008 

In 2008, it became obvious that a new TRF for the IVS EOP determinations had to be com-
puted for several reasons. ITRF2005, used in 2007 and 2008, has a noticeable deficit due to 
the pole tide error which had been made in the IVS contribution to ITRF2005. The post-quake 
movements of Gilmore Creek (Fairbanks, Alaska) in ITRF2005 lacked the continuity of the 
piece-wise linear elements, thus, introducing discontinuities. In addition, for the Russian sites 
of Svetloe, Zelenchukskaya, and Badary either only a limited number of observations or no 
observations at all were available for the computation of ITRF2005. This has changed and, of 
course, all other stations took their benefit from more data in the new computations as well. 

A new TRF (VTRF2008) has been computed from the individual combined SINEX files of all 
geodetic VLBI sessions available. These have been pre-reduced for EOP so that only the 
coefficients for the site coordinate parameters remained. In a stacking process, these sets of 
normal equations have then been combined to a full TRF normal equation system for site 
positions and velocities. The subsequent inversion process provided the complete TRF 
including its variance-covariance information. VTRF2008 is being used for all combinations 
since December 2008. 

Other IVS Products 

In addition to the aforementioned products EOP, CRF, and TRF the IVS continued to provide 
tropospheric parameters as well as time series of baseline lengths on a regular basis. These 
two products were described in more detail in the IAG Travaux 2007. More information on 
these products and the previously mentioned products is available on the IVS Web site at the 
URL: http://ivscc.gsfc.nasa.gov/products-data/products.html. 

Thermal Expansion of Radio Telescopes 

Thermal expansion effects have been considered already for a long time but concerted activi-
ties to include it in IVS data analysis have only started in 2008. At the Ninth IVS Analysis 
Workshop in St. Petersburg, it was decided to make thermal expansion modelling the first 
chapter of the IVS Analysis Conventions. This should serve as a proper reference for all 
analysis descriptions. In addition, a decision was made to use the GPT model (Boehm et al. 
2007) to compute the reference temperature for each telescope. Any expansion effect can and 
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should now be computed relative to these mean temperatures. In the meantime, the current 
status of thermal expansion modelling has been documented in a refereed paper (Nothnagel, 
2008) which is the written documentation of Chapter 1 of the IVS Analysis Conventions. 

One of the necessary parts of a model for expansion effects is a list of all telescopes’ con-
struction dimensions. In such a list, all dimensions like effective height of the elevation axis 
above the ground for azimuth-elevation telescopes or height of primary axis above secondary 
axis for polar or XY antennas, just to name a few, have to be tabulated for all telescopes. 
Quite some effort has been invested to collect the information for this list and further efforts 
are still necessary to gather the missing information for a few more telescopes. The list is 
available under http://vlbi.geod.uni-bonn.de/IVS-AC/Conventions together with the reference 
paper. 

Since the reference temperatures of all telescopes are long-term means from a model, no 
effective change in the realizations of terrestrial reference frames are expected. However, 
annual variations in station coordinates, especially in the height component, are expected to 
get partly reduced. Consequently, Earth orientation parameters from VLBI observations may 
also be affected, mainly with an annual signature. 

Technology Development 

VLBI2010 

The IVS VLBI2010 Committee (V2C) submitted a Progress Report on the status of the 
development of the next generation geodetic VLBI system (VLBI2010 system), which sum-
marizes the progress made in the development of the new system up to the end of 2008. The 
report covers Monte Carlo simulations showing the impact of the new operating modes on the 
final products. A section on system considerations describes the implications for the 
VLBI2010 system parameters by considering the new modes and system-related issues such 
as sensitivity, antenna slew rate, delay measurement error, RFI, frequency requirements, 
antenna deformation, and source structure corrections. This is followed by a description of all 
major subsystems and recommendations for the network, station, and antenna. Then aspects 
of the feed, polarization processing, calibration, digital back end, and correlator subsystems 
are covered. A section is dedicated to the NASA proof-of-concept demonstration. Finally, 
sections on operational considerations, on risks and fallback options, and on the next steps 
complete the report. The report was published as a NASA Technical Memorandum and is 
available online on the IVS Web site. 

In addition to writing the Progress Report, the V2C was active in several face-to-face meet-
ings (see e.g. Table 0.2) and numerous telecons. A very important meeting was the VLBI2010 
Workshop on Future Radio Frequencies and Feeds (FRFF), which was held over a period of 
three days in Wettzell, Germany and brought together experts from many VLBI areas. An 
outcome of the FRFF was recommendations pertaining to the choice of frequencies for the 
VLBI2010 system as well as its backward compatibility. The recommendations have been 
endorsed by the IVS Directing Board and read as follows: 

• The initial implementation of the VLBI2010 system needs to be capable of observing 
the broadband frequency range of ~2.2−14 GHz. 

• The VLBI2010 system needs to be capable of S/X operation. 

• The antenna should allow for a possible future inclusion of Ka-band (32 GHz) opera-
tion. 
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• The complete end-to-end operation of the VLBI2010 system should be demonstrated 
in a campaign in early 2012. As many antennas as possible should participate. 

• A plan should be established for the transition from the legacy S/X system to the 
VLBI2010 broadband delay system. Such a transition plan can be beneficial for 
obtaining future funding and will support a timely changeover. 

 

 
Figure 0.1: VLBI2010 block diagram. The architecture differs significantly from the existing geodetic VLBI 
systems. This is driven by the needs for short source-switching intervals, improved delay measurement precision, 
smaller drifts of the electronics, and improved automation and operational efficiency. Of particular note is the 
change from a system with two fixed bands (S and X band) to a system with four bands, each of which can be 
placed anywhere in the 2−14 GHz range. 

It is foreseen that the VLBI2010 system will be fully defined by the end of 2010 and its 
capability demonstrated in the aforementioned campaign in 2012. 

In order to provide strategic leadership for VLBI2010 and to give a face to the outside world 
for the project, a VLBI2010 Project Executive Group (V2PEG) was formed. The strategic 
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tasks of V2PEG include developing time lines, transition plans, maintaining specifications 
and cost estimates, and promoting the expansion of the VLBI2010 network toward a global 
distribution. The V2PEG members are at a high level of recognition in the geodetic and astro-
metric community and thus are closer to the places where actual decisions are made, are more 
aware of the larger context of VLBI2010, and in general add credibility to outside inter-
actions. 

Digital Back End and Recorder 

A next generation of digital back end (DBE2) and recorder (Mark 5C) are under development 
at Haystack Observatory. Two important features of this system are a) the ability to record at 
4096 Mbps and b) communication via 10 Gbps Ethernet. The DBE2 board was completed in 
2008 and received at Haystack Observatory. The board was powered up and initial 
communication was achieved. Much of the digital signal processing firmware has been 
simulated, and programming of the Power PC is about to begin. 

The Mark 5C is derived from a Mark 5B+ by the addition of a daughter board containing the 
10 GigE interface and the deletion of the I/O board. The daughter board has recently been 
completed and tested, thus enabling testing of communication between the DBE2 and the 
Mark 5C. 
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Permanent Service for Mean Sea Level (PSMSL) 
 

http://www.pol.ac.uk/psmsl 
 

Director: Lesley J. Rickards (UK) 

Overview 

The Permanent Service for Mean Sea Level (PSMSL) is based at the Proudman Oceano-
graphic Laboratory (POL) on the campus of Liverpool University in the UK. For many years 
it has been a member of the Federation of Astronomical and Geophysical Data Analysis 
Services (FAGS) and operates under the auspices of the International Council for Science 
(ICSU). The PSMSL was established in 1933 by Joseph Proudman who became its first 
Secretary. Thus in 2008 PSMSL celebrated its 75th anniversary. To mark this milestone 
PSMSL organised two major symposia. The first was a session “Observations and Causes of 
Sea Level Change: A Session to Mark the 75th Anniversary of the Permanent Service for 
Mean Sea Level (PSMSL)” at the EGU 2008 General Assembly in Vienna in April, which 
attracted a large number of papers and posters, and the second at the British Association 
Science Festival in September. This latter meeting entitled “Liverpool, Home of Sea Level 
Science: Sea Level Rise and Climate Change” with distinguished speakers from the UK and 
abroad, was held in Liverpool, designated the European Capital of Culture for 2008. PSMSL 
also partially sponsored The Geological Society of London’s William Smith meeting “Obser-
vations and Causes of Sea-Level Changes on Millennial to Decadal Timescales”.  

The primary aim of the PSMSL is providing the global data bank for long term sea level 
information from tide gauges. PSMSL has continued to increase its efforts in this regard and 
during 2007 and 2008 over 4000 station-years of data were entered into the PSMSL database, 
increasing the total PSMSL data holdings to over 57000 station-years. Although data receipts 
were a little below average in 2007, 2008 saw a large increase compared to the norm of recent 
years. In addition, the PSMSL, together with the British Oceanographic Data Centre (BODC), 
are responsible for the archive of delayed-mode higher-frequency sea level data (e.g. hourly 
values and higher frequency) from the Global Sea Level Observing System (GLOSS) core 
network. Approximately 750 site years of high-frequency delayed-mode were received during 
the period June 2007 to April 2009. 

The PSMSL has been closely involved in the development of a sea level network in Africa 
(through the Ocean Data and Information Network for Africa – ODINAfrica - project). This 
has included delivery of sea level hardware for a number of stations in Africa and the western 
Indian Ocean. Currently eleven tide gauges have been installed in Africa and the Indian 
Ocean. In 2006 the PSMSL and POL took a major interest in the use of the Inmarsat BGAN 
(Broadband Global Area Network) system for real-time transmission of tide gauge data from 
remote stations, and especially for data of interest for tsunami warning. 

Subsequently, in December 2007, Dr. Philip Woodworth attended a ceremony at Inmarsat 
headquarters in London which included the signing of an agreement between the Inter-
governmental Oceanographic Commission (IOC) and Inmarsat for the use of the BGAN 
system in the Indian Ocean Tsunami Warning System (IOTWS). BGAN allows return of real-
time data from almost anywhere on earth and thus has the potential to improve the speed of 
tsunami warnings and to save lives. The value of this has been recognised with two awards: 
the prestigious Denny Medal from the Institute of Marine Engineering, Science and Techno-
logy (IMarEst) and a “Highly Commended” award from the UK Institution of Engineering 
and Technology, Innovation Awards 2009 (North West). 
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Activities 

1. Introduction  

The Permanent Service for Mean Sea Level (PSMSL) is based at the Proudman Oceano-
graphic Laboratory (POL) on the campus of Liverpool University in the UK. For many years 
it has been a member of the Federation of Astronomical and Geophysical Data Analysis 
Services (FAGS) and operates under the auspices of the International Council for Science 
(ICSU).  

As a result of the Priority Area Assessment on Data and Information in 2004, ICSU is re-
organizing FAGS and the World Data Centre System. This takes into account the recommen-
dations of the ad hoc Strategic Committee on Scientific Information and Data which were 
approved by the ICSU General Assembly in October 2008. An ICSU World Data System will 
be established and to smooth the way a FAGS-WDC Transition Team has been formed, with 
Dr. Philip Woodworth, the previous PSMSL Director and FAGS Secretary, as a member. Dr. 
Lesley Rickards will be a member of the newly formed World Data System Scientific Com-
mittee. However, as far as PSMSL is concerned, there should be little change in function. 

The PSMSL was established in 1933 by Joseph Proudman who became its first Secretary. 
Thus 2008 marked the 75th anniversary of the founding of PSMSL. To celebrate this mile-
stone, the PSMSL organised two major symposia. The first was a session “Observations and 
Causes of Sea Level Change: A Session to Mark the 75th Anniversary of the Permanent 
Service for Mean Sea Level (PSMSL)” at the EGU 2008 conference in Vienna in April, 
which attracted a large number of papers and posters, and the second at the British Associa-
tion Science Festival in September. This latter meeting entitled “Liverpool, Home of Sea 
Level Science: Sea Level Rise and Climate Change” with distinguished speakers from the UK 
and abroad, was held in Liverpool, designated the European Capital of Culture for 2008. In 
addition, PSMSL partially sponsored The Geological Society of London’s William Smith 
meeting “Observations and Causes of Sea-Level Changes on Millennial to Decadal Time-
scales”.  

PSMSL has continued to provide strong support to the Global Sea Level Observing System 
(GLOSS) and to related projects such as the Ocean Data and Information Network for Africa 
(ODINAfrica). It has provided advice and assistance to a large number of people with 
interests in sea level science, thereby fulfilling its overall obligations as a FAGS Service. 
Finally, and most importantly, it has redoubled its efforts in its primary aim of providing the 
global data bank for long term sea level information from tide gauges.  

In September 2008, the PSMSL Advisory Board met in Liverpool. Members of PSMSL staff 
provided an overview of current and planned activities including restructuring of the database 
to bring it up to modern standards, a new web-site, and development of a wider range of 
scientific and practical products.  

2. Staffing and funding  

In April 2007, there was a change of PSMSL Director from Dr. Philip Woodworth to Dr. 
Lesley Rickards. Dr. Rickards has been responsible for the GLOSS Delayed-mode Sea Level 
data bank and until recently was chair of the International Oceanographic Data and Informa-
tion Exchange (IODE) programme of the IOC. Dr Woodworth remains closely involved with 
PSMSL and together with Drs. Simon Holgate and Svetlana Jevrejeva, makes up the main 
PSMSL scientific staff concerned with the collection and analysis of monthly mean sea level 
data. In the same month, Dr Mark Tamisiea joined the PSMSL. He contributes primarily to 
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links between PSMSL and geodetic and geophysical programmes (e.g. GGOS), to the provi-
sion of geophysical information in PSMSL web pages, and to analysis of sea level data which 
requires geophysical insight. Mrs. Kathy Gordon continues to be responsible for management 
of the mean sea level data set. In February 2008, Dr Andrew Matthews joined the PSMSL 
staff. He is contributing to clearing the backlog of GLOSS delayed-mode high frequency data, 
re-structuring the database and improving data delivery and provision of new tools to aid data 
input, quality control and reporting.  

Alongside the monthly mean sea level data collection, the PSMSL, together with BODC, is 
responsible for an archive of delayed-mode higher-frequency sea level data from the GLOSS 
network. This activity has so far included Miss Elizabeth Bradshaw and other colleagues in 
the British Oceanographic Data Centre (BODC). 

Funding continues to be provided by the UK Natural Environment Research Council (the 
parent body of POL); this has seen a modest expansion for the current five year period. A 
major aspect of that application was the merger as far as possible of the PSMSL and GLOSS 
delayed-mode activities (both at Liverpool and both delayed-mode, although technically one 
within POL and one within BODC). The proposal was graded as ‘alpha-5’, the highest 
possible, which provided a clear way forward.  

3. PSMSL Data Receipts for 2007 and 2008  

The primary aim of the PSMSL is providing the global data bank for long term sea level 
information from tide gauges. PSMSL has continued to increase its efforts in this regard 
and during 2007 and 2008 over 4000 station-years of data were entered into the PSMSL 
database, increasing the total PSMSL data holdings to over 57000 station-years. Although 
data receipts were a little below average in 2007, 2008 saw a large increase compared to 
the norm of recent years. Most data originated from Europe and North America. However, 
large data sets were also obtained from Asia, Australasia and southern Africa (see Figures 
1a and 1b). Major gaps in data receipts persist in other parts of Africa which are receiving 
special attention through ODINAFRICA (see section 4.4 below).  

The figures 2 (a) and (b) below show (a) the all of the stations that have contributed to the 
PSMSL and (b) the year of the most recent data received from each site. 

 

Figure 1a: New PSMSL data for 2007 
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Figure 1b: New PSMSL data for 2008 

 

Figure 2a: Stations providing data to PSMSL  
 

 
Figure 2b: Year of most recent data received by PSMSL  
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4. Delayed Mode High Frequency (DM HF) Data Receipts for 2007-2009  

The PSMSL and BODC are responsible for the archive of delayed-mode higher-frequency sea 
level data (e.g. hourly values and higher frequency) from the GLOSS core network of 290 
stations. This activity builds on the earlier work carried out as the Delayed-mode Sea Level 
Data Assembly Centre (DAC) for the World Ocean Circulation Experiment (WOCE). Follow-
ing the successful completion of WOCE, the Delayed-mode Sea Level DAC was designated a 
GLOSS Archive Centre. Approximately 750 site years of high-frequency delayed-mode were 
received during the period June 2007- April 2009, adding to the 5000 site years already held. 

Once again data have been received from important data sparse regions. Six gauges that form 
part of the ODINAFRICA network have supplied over a year’s worth of quality controlled 
data. The Polar Regions are also an area of interest where there are few tide gauges. There has 
been data submitted from the new gauge at Thule, in Greenland, as well as more recent data 
from other more established Greenland gauges. 

There has been a complete revision of the historic South African tide gauge dataset, with 
some sites having over 45 years worth of data. There was also a submission of more recent 
data from the region. Portugal also submitted long time series, with the GLOSS station of 
Funchal (Madeira) having nearly 50 years worth of data, and 2008 been the latest year 
supplied. 

 
 

Figure 3: New DM HF Data received from mid-2007 to mid-2009 

5. GLOSS Activities  

5.1 New GLOSS and PSMSL Web Sites  

The GLOSS web pages (www.gloss-sealevel.org) have been completely modernised and up-
dated. The GLOSS Station Handbook has also been revised and updated and has been merged 
with the GLOSS web-site. New material has been added to the GLOSS web pages including 
training material and national reports from the GLOS Group of Experts meetings (GE-
GLOSS-X and GE-GLOSS-XI). Much of the information text has been reviewed and revised. 
A new page providing quality controlled data from ODINAFRICA and the Indian Ocean has 
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been added. The web-site continues to be maintained by the PSMSL and BODC on behalf of 
GLOSS. 

The current PSMSL web site (www.pol.ac.uk/psmsl) was launched in 2007 with a revised 
home page and the addition of a section with commentaries on the interpretation of long sea 
level records. Plans are now underway for a completely redesigned PSMSL web-site a new 
structure and simpler navigation with improved data delivery. 

5.2 GLOSS Status from a PSMSL Viewpoint (October 2008)  

For a number of years, the PSMSL has provided an annual summary of the status of the 
GLOSS Core Network (GCN) from its viewpoint. A review of its status as of October 2008 
can be found at the above GLOSS web-site. 2007 showed a modestly improvement compared 
to that a year ago, but 2008 showed a decrease in the Category 1 stations which needs to be 
addressed. Although improvements to the network, some following on from the considerable 
investments being put into sea level recording in Africa and in the Indian Ocean following the 
Sumatra tsunami, will feed through to status improvement in the coming years, further work 
is still required to develop the network further in order that all stations can be Category 1. 

5.3 GLOSS Training Courses and IOC Indian Ocean Tsunami Warning System 
(IOTWS) fellowships 

GLOSS training courses have been held in many countries since the mid-1980s. In May 2007 
PSMSL organised a short training course at POL for technicians from Egypt, Germany and 
Iran which was most useful preparation for the recent tide gauge installations. 

In 2007 PSMSL hosted two visitors under the IOC Indian Ocean Tsunami Warning System 
(IOTWS) fellowship scheme. These were Dr. E.M.S. Wijeratne from the National Aquatic 
Resources Research and Development Agency (NARA) in Sri Lanka and Mr. D. Sundar from 
the National Institute of Oceanography in India. This was followed in 2008 by a further three 
visitors under the same Fellowship scheme: Mr. Naimatullah Sohoo from the National Insti-
tute of Oceanography, Pakistan, Dr Parluhutan Manurung from National Coordinating 
Agency for Surveys and Mapping (BAKOSURTANAL), Indonesia and Mr Rene Ibara from 
Pointe Noire, Republic of Congo.  

5.4 New GLOSS and ODINAFRICA Tide Gauges  

The PSMSL has been closely involved in the delivery of sea level hardware for a number of 
stations in Africa and the western Indian Ocean. Currently eleven tide gauges have been 
installed in Africa and the Indian Ocean. These are: Aden (Yemen), Chabahar (Iran), Djibouti 
(Djibouti), Karachi (Pakistan), Inhambane (Mozambique), Lagos (Nigeria), Nouakchott 
(Mauritania), Pemba (Mozambique), Pointe Noire (Republic of Congo), Port Sonara 
(Cameroon) and Takoradi (Ghana). Eight of these gauges are currently providing data to the 
real-time Sea Level Station Monitoring Facility (www.ioc-sealevelmonitoring.org/) operated 
by the Flanders Marine Institute (VLIZ), Belgium. PSMSL is moving towards devising 
effective methods for maintenance and assurance of data flow from the newly installed sites. 
A new data logger and replacement batteries have been dispatched and should resolve the 
problems at the two sites. Delayed-mode quality controlled 15 minute data with documen-
tation are available for download from the GLOSS web-site from Aden, Chabahar, Djibouti, 
Karachi, Pemba and Takoradi. Inhambane and Nouakchott will be added soon. 
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Figure 4: African and Indian Ocean tide gauges on the GLOSS web-site 

6. BGAN Satellite Transmission  

The PSMSL and POL took a major interest in 2006 in the use of the Inmarsat BGAN (Broad-
band Global Area Network) system for real-time transmission of tide gauge data from remote 
stations, and especially for data of interest for tsunami warning. This telemetry enables 
always-on broadband internet connections to tide gauges, providing higher bandwidth and 
reduced latency in data transfer than available at present by systems such as Meteosat. 
Inmarsat have been very helpful in providing test equipment.  

In December 2007, Dr. Philip Woodworth attended a ceremony at Inmarsat headquarters in 
London which included the signing of an agreement between IOC and Inmarsat for the use of 
the Inmarsat BGAN system in the IOTWS. The use of BGAN in this way had been suggested 
by PSMSL and other POL staff (notably Dr. Simon Holgate, Mr. Peter Foden and Mr. Jeff 
Pugh) and subsequently demonstrated in a series of tests. BGAN has the potential to improve 
the speed of tsunami warnings, and therefore to save lives. 

Over the last few years the PSMSL and POL have taken a major interest in the use of the 
Inmarsat BGAN (Broadband Global Area Network) system for real-time transmission of tide 
gauge data from remote stations, and especially for data of interest for tsunami warning. Work 
carried out has been described in the sections above. This telemetry enables always-on broad-
band internet connections to tide gauges, providing higher bandwidth and reduced latency in 
data transfer than available at present by systems such as Meteosat.  

The usefulness of this has been recognised as four PSMSL and POL scientists (Simon 
Holgate, Peter Foden, Jeff Pugh and Philip Woodworth) were awarded the prestigious Denny 
Medal from the Institute of Marine Engineering, Science and Technology (IMarEst) for their 
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Meetings and Annual Reports 

 
IAG Annual Report to IUGG 2007.pdf  

IAG Annual Report to IUGG 2008.pdf  

Meeting Summary 1st IAG EC 2007-2011 (Perugia, July 10, 2007).pdf  

Meeting Summary 2nd IAG EC 2007-2011 (San Francisco, Dec. 8, 2007).pdf  

Meeting Summary 3rd IAG EC 2007-2011 (Vienna, Apr. 19, 2008).pdf  

Meeting Summary 4th IAG EC 2007-2011 (San Francisco, Dec. 14, 2008).pdf  
 



   




