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1. ORGANIZATION OF THE SESSION

11 OPENING OF THE SESSION

Dr. Philip Woodworth, Chairman of the GLOSS Group of Experts (GGE), opened the session and
welcomedall the participants. He thanked the sponsors: I ntergovernmental Oceanographic Commission (10C)
of UNESCO, Centre national d'études spatiales (CNES), Observatoire du Midi Pyrennées, University of
Toulouse, the French Committee for IOC, Proudman Oceanography Laboratory (POL), European Union
(EV), Nationa Ocean and Atmosphere Administration (NOAA), Commission Internationale pour I'exploration
scientifique de lamer Méditerranée (CIESM) for their generous support and Dr. Christian Le Provost for
enabling the meeting to be held in Toulouse.

Prior to the meeting the following workshops took place: (i) Ocean Circulation Science derived from
the Atlantic, Indian and Arctic sea-level networks' organized by Dr. Gary Mitchum; (ii) GPS at tide gauge
benchmarks for long-term sea-level change studies and for atimeter calibration’ organized by Dr. Mike Bevis;
and (iii) EOSS Work package 1 (European GPS) organized by Dr. Bernd Richter.

Dr. Woodworth welcomed the new GLOSS Technical Secretary, Dr. Thorkild Aarup and the meeting
expressed their warm thanks to Ms. Janice Trotte, the Interim Technical Secretary.

12 ADOPTION OF THE AGENDA

The Chairman described the aims of the meeting. These were to review progress on the GLOSS
implementation plan 1997 (I0C Technica Series No. 50, UNESCO), to review and encourage regional
activities, to discuss geodetic fixing of tide gauge benchmarks and to facilitate contributions to the GOOS
coastal module (C-GOOS). The Agenda (Annex 1) was adopted by the group. The List of Participantsis
shown in Annex I1.

13 DESIGNATION OF THE RAPPORTEUR

Mr. Philip Axe was elected Rapporteur of the Session.

2. & 3.REVIEW OF GLOSSACTIVITIES

Dr. Woodworth presented the Chairman's Progress Report (Annex 1V) inthelight of the actionitems
from the fifth sesson (GED) of the Group held at the Jet Propulsion Laboratory, Cdifornia, USA, in March
1997. Most of the actions from the fifth session had been completed satisfactorily. For example, training
workshops on sea level observations and analysis, held in Bidston and Cape Town had been very successful.
The GLOSS Implementation Plan had been approved at the IOC Assembly in June 1997. The outstanding
action items from GE5 are included in the list of actions from GE6 in Annex V1.

Over the past two years, GLOSS training materials have been distributed widely both as printed
reports and on CD-ROM. Brochures and newd etters have been published by the Proudman Oceanographic
Laboratory (POL) and the Permanent Service for Mean Sea Level (PSMSL) and were presented to the
meeting as examples of information products required in other languages. The importance of these in
communicating GLOSS aims was emphasized. He reported on tide gauge donations to GLOSS by Sweden
and Singapore, which will be shiped to use at African GLOSS sites. A possible donation of secondhand gauges
from Denmark was also noted.

The GLOSS status was presented by the Chairman from the point of view of the PSMSL, and of a
survey of (non-) operational gauges conducted in December 1998. In brief, two-thirds of the GLOSS stations
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appear to be operationd. Thissurvey will be updated again during the GLOSS Handbook updating in 1999 (see

Section 10.3). Additiona information on the status of individua gauges was provided by participants during

the course of the discussion of the GLOSS status which will aso be incorporated into the Handbook.

4. REPORT OF THE WORKSHOP ON "OCEAN CIRCULATION SCIENCE DERIVED
FROM TIDE GAUGES FROM THE ATLANTIC, INDIAN AND ARCTIC SEA-LEVEL
NETWORKS'

Dr. Gary Mitchum reported on this workshop. There will be a proceedings issue which will be
published later this year. The Chairman thanked Dr. Mitchum for organizing the workshop.

5. GEODETIC FIXING OF TIDE GAUGE BENCHMARKS
5.1 REPORT OF THE GPS AT TIDE GAUGES STUDY GROUP

Dr. Mike Bevis reported on the development of the training manual on the geodetic fixing of tide
gauge benchmarks. He reported that there are widely differing experiences so no fina standards can yet be
defined. The report will have agenera introduction describing common problems and minimum standards for
ste and data documentation. The remainder of the report will contain case studies illustrating different
examples of good practice in avariety of environmental conditions. The document will be distributed via the
Web so that it can be developed as experience is broadened.

5.2 GLOSS-ALTIMETRY STATUS

Dr. Mitchum presented an update on the anaysis of drift in the TOPEX dtimeter based on
geodetically fixed sealevel data. In the time since the last GL OSS meeting, the altimeter drift estimation that
uses the global tide gauge set has been significantly improved. The improvements made were briefly
summarized and described. The largest improvement has been in the reduction of the random errors due to
incomplete cancellation of the ocean signalsin the TOPEX /tide gauge differences.

Significant progress has aso been made in reducing bias errors due to land motion at the tide gauges.
The strawman set of 30 gauges proposed at the last meeting has largely been instrumented with continuous
GPSmeasurements. Also, aset of about 250 GPS and Doppler Orbitography and Radio positioning Integrated
by Satellites (DORIYS) rates of vertical land movement has been incorporated into the drift analyss, so that
we can report that a merged sea level, atimetry and geodesy system is now operating. Dr. Mitchum noted
however that the present implementation is realy a proof of concept and requires much more work before
we can attribute a high degree of confidence to the analysis. The technique will be extended to evaluate the
ERS-1 and ERS-2 dtimeters. The panel agreed that good progress had been made in the implementation of
GLOSS-ALT. Thiswork emphasizestheimportance of the availability of fast delivery sealevel data. A paper
on this study isin preparation.

6. REPORTS OF THE INTERNATIONAL SEA-LEVEL CENTRES, REGIONAL AND
INTERNATIONAL ACTIVITIES

A number of reports were submitted to the Group which are available via the GLOSS Bulletin Web
pages (http://www.pol.ac.uk/psmsl/gh.html) and in paper form from the Global Ocean Observing System
(GOOS) Project Office.

6.1 PSMSL
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The Permanent Service for Mean Sea Level (PSMSL) is responsible for the collection, publication,
andysis and interpretation of sea-level datafrom the global network of tide gauges. It isbased at the Proudman
Oceanographic Laboratory (POL), UK. It is supported by the Federation of Astronomical and Geophysical
Data Anaysis Services (FAGS), by the |OC and by UK Natural Environment Research Council (NERC). As
of August 1998, the database of the PSMSL contained over 45,000 station-years of monthly and annual mean
values of sea level from over 1,800 tide gauge stations around the world received from amost 200 national
authorities. On average, approximately 2,000 station-years of data are entered into the database each year.

Dr. Woodworth gave a brief presentation on the work of the PSMSL since GE5 and referred to a
report available to the GE6 meeting (see Annex V). The Chairman noted that 1997/98 was a further very
active period for the PSM SL with regard to important workshops and conferences, and abusy one with regard
to data acquisition and analysis, the provision of training materials and tidal software and scientific studies.

Plans were mentioned for the merging of sealevel and geodetic information within the PSMSL data
Set.

6.2 WOCE

The University of Hawaii Sea Level Center (UHSLC) is a research facility of the University of
Hawaii/NOAA Joint Institute for Marine and Atmospheric Research (JMAR). The mission of the UHSLC
isto collect, process, distribute, and analyzein situ tide gauge datafrom around the world in support of climate
research. The UHSLC is recognized as the fast mode sea level centre of the World Ocean Circulation
Experiment (WOCE).

Dr. Mak Maerifield presented the work of UHSLC (report avalable at
http://www.pol.ac.uk/psmsl/gb7/uhslc.report). The WOCE fast delivery data set now includes 109 stations,
89 of which are located at GLOSS sites. A major user of the fast delivery data has been the altimetry
community. For 73 gtations the existing time series were extended backwards to link data from the Geodetic
Saellite (GEOSAT) dtimeter era with the present TOPEX/POSEIDON era. UHSLC is supporting the
ingalation of collocated continuous GPS at tide gauges in support of atimeter drift monitoring. The Group
recommended that UHSL C be recognized as the GLOSS Fast Delivery Centre (FDC) and that all agencies
be encouraged to send rea time datato UHSLC.

Dr. L. Rickards presented a report (available at http://www.pol.ac.uk/psmsl/gb7/wocesl.html) on
the Delayed Mode WOCE Sea-Level Centre at the British Oceanographic Data Centre (BODC) which
contains datafrom 176 gauges (3,000 station-years). A paper, written jointly by both WOCE Centres (available
at http://Amww.pol .ac.uk/bodc/woce/odspaper.html), was presented to the Ocean Data Symposiumin Dublin
in October 1997 on sea level data management, and a CD-ROM containing data sets from both Centres and
PSMSL data had been prepared for the International WOCE Conference in Halifax, Canadain May 1998.

The Group urged the two Centres to produce combined products as far as possible.
6.3  AUSTRALIAN NTF AND SOUTHERN OCEAN

The Nationa Tidd Facility is a self-funded marine science organization operating as a unit of the
School of Earth Sciences within the Flinders University of South Australia. Under NTF the Southern Ocean
Sea Leve Centre (SOSLC) provides acommunication forum, data bank and information servicefor al groups

with an interest in sea-level work in the Southern Ocean.

Dr. W. Scherer presented a report summarizing the work of the Southern Ocean Sea-Level Centre
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(SOSLC), the South Pacific sea-level network, the Papua New Guinea (PNG) array and the Australian
basdline network. All gauges in PNG were now no longer operational due to lack of local maintenance. A
conference will be organized by the NTF in April 2000 at the Cook Idands on the science of South Pacific sea
levels.

6.4 AFRICAN GLOSS NETWORK

Prof. G. Brundrit presented the conclusions of the University of Cape Town GLOSS training course
in November 1998 (see also section 10.1) with regard to the development of an African GLOSS network. A
recommendation of the course was that coordinators be appointed for West, East and South Africa with an
overall GLOSS-Africa Chairman. He noted the success of the Oceanographic Data and Information Network
for Eastern Africa (ODINEA) model for aregional data centrein East Africa which should be applied also
to West Africa.

The importance of West African participation in the Climate Observing System for the Tropical
Atlantic programme (COSTA), including the Pilot Research Moored Array inthe Tropica Atlantic (PIRATA)
and remote sensing data sets, providing links to the Brazilian oceanographic programmes, was noted.

6.5 EOSS AND MedGLOSS

The European Cooperation in the field of Scientific and Technical research (COST) is a framework
for scientific and technical cooperation, alowing the coordination of national research on a European level.
COST Actionsconsist of basic and precompetitive research aswell as activities of public utility. COST Action
40 isthe European Sea-Level Observing System (EOSS). EOSS intends to serve as an umbrella, under which
various sea-level activities can be coordinated. The most important outcome of EOSS is expected to be an
"organism" that guarantees and coordinates the long-term sea-level monitoring activities and data exchange
along the entire European coastline.

Dr. H-P. Plag presented the developmentsin the concept of EOSS including plansfor tide gauge and
GPSdatanetworks and data availability and numerical modelling, within a" Service" modelled on the successful
International GPS Service for Geodynamics (1GS) approach. He asked for support from the Group in addition
to the International Association of Geodesy (IAG) and the International Association for the Physical Sciences
of the Ocean (IAPSO) endorsement. The Group strongly recommended that the proposal be developed in
collaboration with European GOOS (EuroGOOQS).

The Mediterranean Global Sea-Level Observing System (MedGloss) isalong-term monitoring network
system for systematic sea-level measurements in the Mediterranean and Black Seas sponsored by CIESM.
Dr. Dov Rosen gave a presentation on this project and mentioned that four gauges will be put in over the
summer in Tunisia, Egypt, Croatiaand Romaniawith CIESM funding support.

6.6 INDIAN OCEAN

Dr. Somasundar presented the status of three Indian Ocean programmes including one established
programme and two proposed ones.

0] a final report was presented on the IOC-UNEP-WMO Pilot Activity on Sea Level Changes and
Associated Coastal Impacts. This project was initiated in 1993 and the primary objectives were:
- to improve understanding of the processesthat control sea-level variability at siteswhere sea
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level is monitored in the Indian Ocean;
- to enhance capabilities of countries of the Indian Ocean to monitor and analyze sea-level data.

The full report is available at http://mww.pol.ac.uk/psmsl/gb7/indian.ocean. 1.
(i) A report was given on proposals to:

- establisha sea-level observing network to acquire systematic and accurate measurements on
sea-leve variations in the northern Indian Ocean;

- establish a storm surge prediction system in the northern Indian Ocean, approved by the |IOC
Executive Council in November 1998;
see also http: //www.pol.ac.uk/psmsl/gb7/indian.ocean.2.

The response from Member States in the region to these proposals has been rather slow. However,
aworkshop is planned to boost the regiona corporation and support to these proposals.

A statement of the status of a proposed enhanced network of sea-level gauges for the Persian Gulf
and Indian Ocean was made. A meeting is planned for June 1999 to be held in Iran to discuss the two new
proposals. Dr. Somasundar presented the views of Dr. S. Shetye on e ements of the Pilot Activity which should
be continued.

6.7 CARIBBEAN ACTIVITIES

A magjor proposal for CARICOM nations through the Organization of American States to the Global
Environment Fund entitled "Caribbean: Planning for Adaptation to Climate Change' (CPACC) has been
funded. The plan includesinstalling and operating e ghteen GOES-reporting sea-level /wegather stationsin eleven
countries. The IOCARIBE GLOSS Regional Coordinator is acting as a technical expert on the project.
Although these gauges are limited to CARICOM nations, CPACC will significantly modernize observations
especidly in the eastern Caribbean, and will act as a model for others (The full report is available at
http: //mwww.pol .ac.uk/psmsl/gb7/carib.doc).

In addition to sea-level monitoring, Dr. Maul expressed great interest in development of a regional
tsunami warning system in the light of historical evidence for tsunamis in the region. In this context, Dr.
Mitchum stressed the need for historical hourly searlevel data linked to the original benchmarks. Data from
gauges in the CPACC programme are going directly to UHSLC via the Geostationary Operational
Environmental Satellite (GOES).

Fndly Dr. Maul suggested that a mission be conducted to the region to assess requirements for
hardware and training and for data archaeology.

6.8 ARCTIC

At the fourth GE meeting in Bordeaux, France, 1995, a status report on Arctic tide gauges was
initiated. The action item was reaffirmed at the GE5 mesting.

For the GE6 meeting Dr. Hans-Peter Plag on behdf of co-authors Don Forbes, Humfrey Melling, Pelle
Bo Nielsen, Steve Solomon, Ron Solvason, Phil Woodworth and Oleg Zilberstein gave adetailed report on the
Arctic tide gauge data set (http://www.pol.ac.uk/psmsl/gb7/arctic.ps). He painted a grave picture of the
current low number of recordings and recommended urgent action to remedy the situation. For example,
Canada now has no operational gauges in the Arctic. On the other hand, Iceland has recently made major
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efforts to develop a comprehensive network. The Group thanked Dr. Plag and co-authors for their report and
asked that 10C publish the document.

Dr. O. Zilberstein provided some additiona information (than was available in the draft report
mentioned above) on the Russian Arctic sites and identified necessary improvements in data acquisition.

6.9 APSG AND TAIWAN MEETING REPORT

Dr. C. K. Shum gave an overview of the Asia Pacific Space Geodynamics Project (APSG), identifying
possible data gaps in the region and the complementarity of tide gauge and altimeter data. A data centre for



|OC/GE-GLOSS-VI/3
page 7

APSG will be established at the Austraian NTF. The project was encouraged to approach North-East Asian
Regional GOOS (NEAR-GOOS) for collaboration.

Dr. Woodworth gave a brief report of the "miniGLOSS" meeting held in Taiwan in June 1998, the
report of which can be found in the GLOSS Bulletin Web page (http: //www.pol .ac.uk/psmsl/ghb6/pcs.html).

6.10 VIET NAM

Dr. Somasundar reported on the status of the Indian shaft encoder float gauge provided to Qui Nohn,
Viet Nam, which will be re-ingtalled shortly. Dr. Woodworth mentioned that POL may help ingtall a new
gauge at the Red River Ddltain Northern Viet Nam.

6.11 |APSO TIDAL CONSTANTSDATA SET

Dr. C. Le Provost gave results from an analysis of data available from both the International
Hydrographic Office (IHO) tidal constants data set and from GLOSSWOCE data, for the purpose of providing
amuch expanded data set of information for the devel opment of tidal models. Data are required in hourly form
from as many GLOSS'WOCE sites as possible, in order to be subjected to tidal analysis with rigorous
estimation of errors of tidal congtituents. IHO tidal data from 732 sites had been found to be aso potentialy
useful, and the advice of Mr. H-P Rohde was to make the IHO data sub-set available to the small community
of tide modellers via the PSMSL office. The study may lead to suggestions for locations for new gauge
deployments.

6.12 WEST INDIAN OCEAN REPORTS

Dr. Odido presented a report on the ongoing project to prepare acomprehensive report on the status
of the sea-level network in the Western Indian Ocean region. Seven countries (Kenya, Madagascar, Mauritius,
Mozambique, Seychelles, South Africaand Tanzania) submitted detailed reports on existing and planned gauges
(see http://mww.pol .ac.uk/psmsl/gb7/windian.ocean/). In brief, the system of GLOSS stationsin theregion
is to a great extent installed and operational although with some remaining gaps and concerns about
modernisation. The creation of a regiona group of experts as recommended at the fourth meeting of 10C
Regional Committee for the Co-operative Investigation in the North and Central Western Indian Ocean
(IOCINCWIO) would help in improving the quality and usage of sealevel data. The region till needs
assistance to complete and maintain the regiona network. Six gauges in the region still receive maintenance
assistance from the University of Hawaii.

6.13 NATIONAL REPORTS

National reports were presented from many countries including Argentina, Australia, Chile, Céte
dvoire, France, Ghana, Israel, Nigeria, Romania, Russia, Uruguay and United Kingdom. In particular, Chile
was congratulated by the Group on development of a new national network. A report on some Brazilian Sites
was also presented by Professsors Mesguita and Marone. The fragmentation of sealevel analysis
responsibilitiesin Brazil was noted for possible concern. Reports from several Western Indian Ocean states
had been circulated prior to the meeting and formal appendices to the West Indian report of Dr. Odido were
presented.

Many of these national reports can be found on the GLOSS Bulletin Web pages
http://www.pol.ac.uk/psmsl/gb7/ .
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7. GGE DEVELOPMENTS
7.1 GGE STANDING MEMBERS

Dr. Woodworth invited the Group to endorse the ex officio right to membership of the GLOSS GE
by the DirectorsPSMSL, UHSLC, NTF, WOCE Centres, |APSO/Commission on Mean SeaLevel and Tides
(CMSLT), IGS and other future appropriate bodies. It was emphasized that this list was not exclusive or
exhaugtive. This extension of the GGE could have the benefit of increasing the number of people well-briefed
about GLOSS who will be able to represent the programme at international meetings. The Group endorsed the

proposal.
7.2 SUB-GROUP OF THE GGE AS A SOURCE OF SCIENCE INPUT

At the 31t Session of the Executive Council (EC), Paris, November 17-27, 1998 it had been suggested
by the GOOS Steering Committee following advice from the OOPC and the Climate Variability and
Predictability Programme (CLIVAR) that there was a need for a new sea-level group to work alongside the
GLOSS GE to provide scientific advice on sealevel to the wider community. However, at the EC mesting this
proposal attracted some criticism with regard to possibly creating duplicate groups and it was decided not to
put any resolution forward regarding this issue, but instead ask the GLOSS GE to examine the question.

The Group discussed an dternative proposal by the Chairman that a sub-group of the GLOSS GE be
formed as a source of scientific advice, especialy for climate, with the sub-group potentialy ajoint committee
with (at present) OOPC, CLIVAR/UOP and IAPSO/CMSLT. After some debate of the relative merits of
each option, which was aided by some members of the GE having attended the Executive Council meeting and
therefore able to provide first-hand advice, the Group endorsed the concept of a GE sub-group, and further
recommended that a second sub-group be considered in consultation with C-GOOSwith regard to coastal sea
level aspects. The Chairman was requested to communicate this important development to the the Chairs of
the other relevant bodies via the Director of the GOOS Project Office.

8. SEA-LEVEL REQUIREMENTS OF THE GOOS COASTAL MODULE

Dr. E. Marone (Vice Chairman of C-GOOS) reviewed the status of C-GOOS. A strategic design plan
is being developed and it envisions parald development of regiona scale pilot projects nested in a global C-
GOOS network. The global network should: (i) document the globa dimensions of loca to regiond patterns
of changein coasta waters; and (ii) provide the large scale perspective required to distinguish between locally
generated patterns and those generated by regiona-globa scae forcings. The Regiona networks should: (i)
resolve patterns of variability on smaller scalesrelevant to problems of interest; (ii) provide larger scale context
for research programmes; and (iii) incorporate selected index sites where high intensity observations provide
the basis for both understanding the causes and effects of environmental variability aswell as developing the
models required to trandate data into useful products.

Prof. K. Thompson (C-GOOS member) has been heading the C-GOOS sub-group which has drafted
the part of the strategic design plan of C-GOOS which describes the globa network. The report of this sub-
group makes it clear that C-GOOS will depend heavily on the GLOSS network of stations for the
implementation of the C-GOOS design and that additional sea-level stations may be needed.

Dr. E. Marone suggested that there could be areas where colaboration between C-GOOS and GLOSS
would be possible, most notably with respect to sharing of stations, data collection and capacity building (joint
courses). It was stressed that C-GOOS views GLOSS as the forum to get expert advice on sea-level issues.
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9. INTERACTIONSWITH GOOS

Dr. Woodworth informed the Group of the availability of GOOS Implementation documentsfollowing
the Sydney and Paris 1998 meetings of the Interim Implementation Advisory Group for GOOS (GOOS Reports
No. 64 and 65; IOC-WMO-UNEP-ICSU/Impl-I and 11/3, UNESCO 1998).

An IOC-WMO Joint Technical Commission for Oceanography and Marine Meteorology (JCOMM)
has been proposed to replace the WM O Commission on Marine Meteorology (CMM) and the [OC-WMO Joint
Commission on Integrated Global Ocean Services System (IGOSS). The objective of this merger is:

0] to provide acoherent and cost-effective intergovernmental mechanism for coordinating and regulating
marine observing systems, marine data and met-ocean services to marine users,

(i) to provide a unified mechanism for implementing and coordinating a global ocean observing system,

(iii) to enhance involvement of IOC Member States and WMO maritime Membersin thisactivity, and to
encourage and facilitate coordination and integration at the national level between meteorologica and
oceanographic communities.

The proposed commission will become the parent body for GLOSS and the Data Buoy Co-operation
Panel (DBCP).

The proposal was approved by the 50th WMO Congressin 1999 and it will be put forward to the 20th
|OC Assembly (June-July 1999) for approval.

The firgt Transition Planning Meeting of the Joint Commission for Oceanography and Marine
Meteorology (JCOMMTRAN) meeting will take placein St. Petersburg, Russia, in July 1999 at which GLOSS
will be represented by Dr. Oleg Zilberstein, with GLOSS position papers provided by Dr. Woodworth.

10. CAPACITY BUILDING ACTIVITIES

10.1 REPORT OF THE IOC/GLOSS-GOOS TRAINING COURSE AT THE UNIVERSITY OF CAPE
TOWN

Prof. G. Brundrit reviewed the conclusions of the UCT training course, which were incorporated into
the Actions and Recommendations stemming from the GE6 meeting. The UCT course had been modelled
closdly on previous courses at Dehra Dun, India and POL, UK. Prof. Brundrit suggested that in order to
maintain the momentum of sealevel training in Africa, a further course will be required in the region within
the next two years, with course composition modified in the light of experience to include as much hands-on
experience as possible. A UCT course report document has been printed by 10C (IOC Training Course
ReportsNo. 51, UNESCO 1999). The Group thanked Prof. Brundrit and Dr. H.Waldron for their many efforts
to enable the course to take place, and to place GLOSS-Africa on a much improved footing.

10.2 PLANSFOR A GLOSS TRAINING COURSE AT THE UNIVERSITY OF SAO PAULO

Plans for aUniversity of Sao Paulo (USP) training coursein September 1999 were announced by Prof.
A.R. de Mesquita. The course will be four weeks in duration, but with the practical aspects of the course



IOC/GE-GLOSS-VI/3
page 10

concentrated into the first two weeks with |OC financia support. The course will be open to participants of
the Spanish and Portuguese speaking countries of Central and South America and Africa.
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10.3 UPDATING OF GLOSS MANUALS

Dr. Woodworth described plans for the rewriting of Manuals 1 and 2 with help from a small number
of GE members. It is expected that new versions of the Manuals will be available in draft form during 1999
with final versions printed next year (see also Section 12.5).

104 OTHER CAPACITY BUILDING ACTIVITIES

Asthe provision of fellowships had been suggested by several GLOSS contacts as the best way to
further capacity building within GLOSS, the Secretary was asked to investigate possibilities under the |I0C
Training Education and Mutual Assistance programme (TEMA).

105 NEWSLETTERS

The continued production of the GLOSS Bulletin by POL (Issue 7) thenthe NTF (Issues 8 and 9) was
approved by the group. In addition, the Group endorsed asuggestion that the African-American GLOSS News
(AAGN) be made more relevant to Africa by sharing the editorship between USP and UCT with mirror Web
Sites.

The GLOSS brochure recently produced by POL was suggested to be put on the Web as a PDF file,

so it can be printed by anyone interested. A version in Portuguese was suggested to be produced by Dr.
Marone and in Spanish by Dr. Valladares.

11. MORE RESOURCES FOR GLOSS

The Chairman discussed the needs to attract more resources for GLOSS. He mentioned three areas
where more resources could be seeked:

() Donation of Secondhand Tide Gauges
The IHO will be asked to mail out another circulation letter for secondhand tide gauge equipment and
will ask the Hydrographic Society to publicize the requirement. The donation by Singaporein response
to a previous apped for equipment was noted with appreciation by the Group.

()] Volunteering of Time
The Chairman urged the panel membersto look for waysto volunteer "technician” timeto areaswhere
there may be needs for assistance in levelling and/or maintenance or ingtallation of tide gauges. He
reported that POL will volunteer a couple of weeks of technician time per year.

(i) Genera Funds

The Chairman aso urged members to solicit funds from off-shore companies, manufacturers of tide
gauge equipment, foundations and national foreign aid programmes.
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12. MEETINGSAND ACTIVITIESRELATED TO GLOSS
121 IPCC

The World Meteorological Organization (WMO) and the United Nations Environment Programme
(UNEP) established the Intergovernmental Panel on Climate Change (IPCC) in 1988. The role of the IPCC
is to assess the scientific, technical and socio-economic information relevant for the understanding of the risk
of human-induced climate change.

The IPCC completed its First Assessment Report in 1990. It played an important role in establishing
the Intergovernmental Negotiating Committee for a UN Framework Convention on Climate Change
(UNFCCC) by the UN General Assembly. The UNFCCC was adopted in 1992 and entered into forcein 1994.
It provides the overall policy framework for addressing the climate change issue.

The Second Assessment Report, Climate Change 1995, provided key input to the negotiations, which
lead to the adoption of the Kyoto Protocol at the UNFCCC in 1997.

The Third Assessment Report is currently under preparation and will be a comprehensive and
up-to-date assessment of the policy-relevant scientific, technical, and socio-economic dimensions of climate
change. Dr. Woodworth informed the Group on the progress within Working Group | (which assesses the
scientific aspects of the climate system and climate change). A draft version of the sealevel chapter of that
report, edited by ateam headed by Dr. Jonathan Gregory from the UK Hadley Centre, Dr. John Church from
the Commonwesdlth Scientific and Industria Research Organization (CSIRO), Audtralia, and the GLOSS
Chairman, has now been sent out for the first externa review. A version for the genera public will be
available towards the end of the year.

122 GLOUP

Thereis agrowing interest for Global Undersea Pressure (GLOUP) datain the sea-level community
for use in tidal and space gravity studies. Bottom pressure data complement sea levels in many respects,
providing tidal information in the deep ocean, and being of possible greater utility than sealevel (whether from
tide gauges or altimetry) for the study of ocean dynamics (see
http://mww.pol .ac.uk/psmsl/ghb7/gloup.report).

GLOSS and IAPSO have been asked by Dr. Chris Hughes (POL) to endorse the formation of a
GLOUP data set. One of the objectives would be to provide easy access to the historical database of in situ
ocean bottom pressure measurements.

The Group endorsed this proposal.
123 ALTIMETRY
Dr. C.K. Shuminformed the Group on latest developmentsin atimeter missions. In particular, he had
been able to construct time series of quasi-global sea-level changes from the GEOSAT era through
TOPEX/POSEIDON (mid-1980'sto the present day), calibrated by tide gauge information, indicating evidence

for increasing sea levelsin the period athough with large uncertainties.

124 DATA ARCHAEOLOGY
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The Group discussed the need for data archaeology of historic sea-level records in order to possibly
extend existing time series and/or gain access to observationswhich are not in digital form. Currently, sea-level
data is not on the list of oceanographic parameters to be resuced under the Global Oceanographic Data
Archaeology and Rescue (GODAR) project. However, Dr. Aarup informed the Group about the GODAR
Review Conference in Silver Spring, Maryland in July 1999, where a possible extension of the parameter list
will be discussed. It was decided that Dr. Aarup and/or Dr. Mitchum should represent GLOSS at this
conference and suggest that sea-level data also be included in the GODAR project.

125 GLOSS HANDBOOK UPDATING

Drs. Woodworth and Rickards informed the group of plansto expand and enhance information in the
GLOSS Handbook product. The Handbook present verson is avalable both as a Web
(http://www.pol.ac.uk/bodc/glosshb/glosshb4.html) and CD-ROM product, but clearly requires updating
a regular intervals. The next version, which it is hoped to complete in 1999, will include as much ancillary
information as possible (maps, photographs, etc.).

13. HARDWARE DEVELOPMENTS

Discussions took place on the merits of various new tide gauge technol ogies, including the use of smple
shaft encoders for real time' stilling well operations. (Shaft encoders provide electronic digitisation of the
analogue movement of floatsin stilling well at relatively modest cost). Tests of newly available encoders are
underway inthe UK, Spain and South Africa. It was reported that a number of comparative studies of acoustic
gauges are adso under way at several locations, and conclusions from the separate studies should be
synthesized and presented to the GE for inclusion into future training materials.

14. SURVEY OF COMPLIANCE WITH GLOSSIMPLEMENTATION PLAN 1997

The status of the GLOSS Core Network, from the viewpoint of the PSMSL, and from the viewpoint
of asurvey of operational/non-operationa stations conductedin 1998, is described in the Chairman'sreport to
GES6 (see Annex V).

Dr. Ledey Rickards reported on a further survey, conducted partly during GE6 itsdlf, into how many
of the Core Network stationswere making their hourly data available to the community (in addition to sending
monthly meansto the PSMSL), asthey are required to do by Chapter 7 of the Implementation Plan. In addition,
the survey attempted to estimate how many of these hourly-reporting stations were real-time. The conclusions
(summarizedin Annex VI1I1) arethat approximately two-thirds of the Core Network stations now make hourly
data available, and that the number of real-time sitesis expected to grow significantly over the next year. These
are very encouraging developments, athough much work remains to be done.

15. PLAN OF ACTIONS FOR 1999-2001
Based on extensive discussions during the meeting a Plan of Action for the period 1999-2001 was

constructed (Annex VII).

16. RESUME OF RECOMMENDATIONS FROM GEG6
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Recommendeations from the Group are listed in Annex VI, divided into Assembly Recommendations
which will be explicitty communicated to the IOC Assembly in June 1999, and Internal
Recommendations/Endorsements which will be available to the Assembly in paper form only (i.e. thismeeting

report).
17. ANY OTHER BUSINESS

Mr. Viored Mdciu suggested that 10C should issue diplomas or certificates to tide gauge authorities
which had made specia efforts towards GLOSS. Dr. Aarup promised to look into this excellent suggestion.

18. ADOPTION OF THE REPORT

A preliminary report of the meeting was adopted.

19. DATE AND PLACE OF THE NEXT SESSION

Dr. Merifield tentatively offered to host the GE7 meeting at the University of Hawaii with an
accompanying workshop on sealevel science asatribute to thework of Prof. Klaus Wyrtki. Inthe event that
is not possible, Dr. Wolfgang Scherer offered to host the GE7 at NTF in Austraia.

20. CLOSURE

The Chairman thanked the Director of the Observatoire du Midi Pyrennées (Dr. Daniel Guedalia) and
Dr. Christian Le Provost once again for their hospitality in Toulouse. He closed the Session at 13.00 on May
14 1999.
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LIST OF DOCUMENTS

(See GLOSS Bulletin Web pages http://www.pol.ac.uk/psmsl/ghb7/ for many of these reports)

LIST OF INTERNATIONAL CENTRE REPORTS

Permanent Service for Mean Sea Level
WOCE Fast and Delayed Maode Centres
Southern Ocean Sea Level Centre

LIST OF COUNTRY AND REGIONAL REPORTS

Argentina
Audrdia
Chile
Coted'lvaire
France
Ghana

|srael
Nigeria
Romania
Russa
Ukraine
United Kingdom

Uruguay

Arctic

Asia-Pacific (Space Geodynamics Project)

Caribbean

Western Indian Ocean (including Kenya, Madagascar, Mauritius, Mozambique, Seychelles, South Africaand
Tanzania)

IOCINDIO (including Bangladesh, Iran, Irag, Sri Lanka and India)
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ANNEX IV
CHAIRMAN'S REPORT TO GE6

Chairman's Report of GLOSS Activities since the Fifth
Session of the Group of Experts

P. L. Woodworth

The fifth session of the GLOSS Group of Experts was held at the Jet Propulsion Laboratory (JPL)
19-21 March 1997 at the invitation of Dr. Bill Melbourneand Dr. Ruth Neilan, Director of International GPS
Service for Geodynamics (1GS) Central Bureau. This meeting was the first at which | had acted as GLOSS
Chairman, having been Acting Chairman for the past year since the resignation of Dr. David Pugh. The
meeting thanked Dr. Pugh and Dr. Albert Tolkatchev, theretiring GLOSSGOOS Technical Secretary at |OC,
for their many years of work for GLOSS.

This report is intended to provide a brief summary of some GLOSS-related activities since the GE5
meeting from my point of view. The listisanimpressive oneand | hopeit will serveto stimulate consderation
of further GLOSS products and projects (especidly itsregiona activities) at the sixth sessonin Toulouse during
12-14 May.

POST-JPL PUBLICATIONS

Minutes of thefifth session of the group have been published (IOC/GE-GLOSS-V/3, UNESCO 1997)
as hasacomprehensive report on the IGS/PSM SL Workshop on GPS at tide gauges which preceded it (Neilan
et al., 1998). Ruth and the IGS Centra Bureau are to be thanked for producing excellent paper and Web
versons of thisreport. A draft report by the GPS Technical Committee stemming from the Workshop has been
prepared by the Chairman, Dr. Mike Bevis which will be debated and enhanced at the 11 May GPS at tide
gauges meeting in Toulouse.

A particularly important task for the GES meeting was areview of the draft new Implementation Plan
for GLOSS prepared with contributions from many sea-level scientists. This was endorsed by the mesting,
subject to some recommended modifications, and was subsequently presented for endorsement by the 19th
Session of the IOC Assembly at UNESCO, Paris, July 1997. The Assembly also endorsed the Plan, with
minor modifications, and the final version has since been printed and circulated by 10C (I0C Technical Series
50, UNESCO 1997). It is dso available on the Web.

The Implementation Plan was a so presented in June 1997 to international attendees at the First GOOS
Forum mesting in Paris, and was discussed during the I-GOOS-111 mesting following the Forum.

ACTIONSLIST

A large number of actions were generated by the GE5 meeting which can be inspected via
http: //mww.pol .ac.uk/psmsl/ge6/gebactions.

| believe this was the first time such a comprehensive list was produced at a GE meeting and it has
proved to be very useful in providing stimulus to activity in between meetings. Another list will be produced
during GE6.
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GLOSS STATUS FROM A PSMSL VIEWPOINT (OCTOBER 1998)

For the last few years, usually coinciding with a GLOSS GE meeting, the PSMSL has provided a
summary of the status of GLOSS from its viewpoint. This summary has usualy been made in October so as
not to bias the statistics because of the seasona cycle of data receipts.

An operational station from aPSMSL viewpoint means that recent Mean Sea Level (MSL) monthly
and annual values have been received at Bidston, have been checked as far as possible, and have been
included in the databank. For each of the GLOSS stations, we have used the year of the last data entered into
the databank, if any, to place the station into one of four categories:

Category 1: Operationa stations for which the latest datais 1994 or later;

Category 2: Probably operationa stations for which the latest datais within the period 1984-1993;
Category 3: Historical stations for which the latest datais earlier than 1984,

Category 4: For which no PSMSL data exist.

Table 1 liststhe numbers of stationswhich fal into each category for al stations. Also shownin Table
1 arethe numbersin each category reported previously with the category definitions adjusted backwards one,
two, three, etc. years appropriately. Note that before 1993 we used the GLOSS90 definition of GLOSS (306
stations total), whereas 1993 onwards we have used GLOSS93 (308 stations total). We don't believe that
change modified the statistics to a great extent. Also note that from 1997 we have used the GLOSS97
definition of GLOSS (287 dationstotal).

Overdl, the statistics for 1998 are smilar to those for 1997 indicating ongoing work is required to
develop the network even further.

Table 1

Number of Stationsin Each Category (1989-1998)

Cat 89 0 91 92 93 A 95 9% 97 97 98

1 105 133 136 158 177 183 168 186 183 182 183
2 5l 50 S7 46 33 35 59 46 48 47 48
3 47 42 36 29 26 26 22 21 23 17 20
4 103 81 7 73 72 64 59 55 4 41 36
Total 306 306 306 306 308 308 308 308 308 287 287

using GLOSS Definition
0 9 90 90V 93 93 93 93 93 97 97

GLOSS OPERATIONAL AND NON-OPERATIONAL STATIONS SURVEY (DECEMBER 1998)

In December, a detailed survey was conducted of the 287 stations of the GLOSS Core Network
(GCN) to determine which gauges were operationa or not as of February, the deadline for receipts of
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guestionnaire replies from national authorities as part of GLOSS Handbook updating. The replies were
supplemented by PSMSL general knowledge in the case of non-replies.

Of the 287 dtesin the GCN (defined by GLOSS97), only 42 are claimed to be non-operationa. This
setislisted in Appendix 1 below. It is clear that action must be taken by nationd authoritiesto instrument the
sitesin order to complete the network. If national resources are limited, the authorities should be endeavouring
to ingall equipment through bi-lateral links or possibly by making requests for secondhand equipment through
IOC (see GES5actions file). Alternatively, if a site cannot feasibly be instrumented, perhaps owing to
environmental conditions, then 10C should be notified so that it can be reviewed for removal from the definition
of the GCN at the next revision of the network.

RECONCILIATION OF THE STATISTICS OF THE PREVIOUS TWO SECTIONS

It is clear that Appendix 1 presents a more optimistic view of GLOSS status than do the statistics
compiled from the PSMSL, a stuation which requires investigation. One reason is that at some operational
locations (e.g. Tristan da Cunha and some Antarctic sites), the gauges take the form of simple pressure
transducers which provide useful information for oceanography (e.g. for the World Ocean Circulation
Experiment) but which do not supply MSL data, as conventionally defined, which can subsequently be
submitted to the PSMSL. This situation is understandable and tolerable if there are good environmenta or
technical reasons for such a choice of technology.

However, asecond reason isthat while an operationa gauge might exist and be providing data of some
kind, the expertise or facilities or manpower do not exist in order to process those data routinely and deliver
them to the internationa community. This Situation is not an acceptable one, as it clearly requires some kind
of investment in hardware, software or training. The job of IOC/GLOSS is to remedy such situations as far
as possible.

IOC TRAINING COURSES
A number of IOC/GLOSS training courses have been held since GE5 or are in the planning stage.

A training course for eight sealevel scientists from Mediterranean and Black Sea countries, and aso
attended by a number of local people, was held at the Proudman Oceanographic Laboratory (Bidston
Observatory) during 16-27 June. This course was organized by Mr. Graham Alcock, who was responsible for
the many previous successful GLOSS courses at POL during the 1980s. The main themes of the course
concerned the background science, the need for related geodetic measurements, and hands-on training sessions
(HOTYS)'. Invited external speakersincluded Drs. David Pugh and M. Tsimplis (Southampton Oceanography
Centre), Dr. Albert Tolkatchev (I0OC), Dr. A. Plater (Liverpool University), Dr. R. Bingley (Nottingham
Univerdty) and Dr. D. Rosen (Israel Oceanographic and Limnological Research). A number of POL scientists
also provided lectures and organized trips to nearby tide gauges. A presentation was made to Dr. Tolkatchev
to mark his retirement.

The POL course was co-funded by the Commission Internationae pour |I'Exploration Scientifique de
laMer Mediterranée (CIESM), and was followed by a sea level summer school in Kos, Greece in July for
Mediterranean scientists funded by the European Union. Mediterranean sea levels consequently received
considerable attention in 1997.

A further, but larger GLOSS training course in asimilar style to the Dehra Dun 1995 and POL 1997
courses was held at the University of Cape Town (UCT) during 16-27 November 1998 organized by Prof.
Geoff Brundrit and Dr. Howard Waldron. This course had ten official attendees from Africa, Yemen and
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Brazil and alarge number of loca participants. Invited external speakersincluded Drs. Philip Woodworth and
Trevor Baker (POL) and Ms. Janice Trotte (I0C) with other lectures by UCT staff. The main themes of the
course concerned background sea-level science (climate change, oceanography), the need for related geodetic
measurements, and HOTS. Vidits to tide gauge and geological sea level sites were aso provided as were
exercisesin geodetic leveling. The opportunity was taken to also discuss plansfor action in east, south and west
Africaas part of GLOSS and of the Global Ocean Observing System (GOQS) for Africa. This was a very
successful course, for which aworkshop report will shortly be available containing extensive reviews of status
in each participating country.

A further training course has been proposed at the University of Sao Paulo, Brazil in September 1999
following recommendations of the GE5 meeting and of the IOC Executive Council in 1998. Proposals for
training courses thereafter will be discussed at the GLOSS GE6 session and will of course be subject to
available funding.

TRAINING MATERIALS

The two parts of the IOC Manuals and Guides No.14 are now showing their age and their updating
or replacement needs to be discussed. A Part 3 on How to Operate GPS Near a Tide Gauge isto be produced
by the GPS Technica Committee with the three parts of the overall Manua published together or separately
as appropriate.

Severa sets of tidal analysis software continue to be widely distributed and play a major role in
improving data quality and timely delivery. The most used is that of Pat Caldwell from the University of
Hawaii; thisformed the basis of HOTS at Dehra Dun 1995 for example. The TASK-2000 package from POL
was used at the POL 1997 and UCT 1998 courses. Either the Caldwell package or local USP software will
be used at the USP 1999 course. A further package is available from the Australian NTF.

A number of GLOSS-related CD-ROMs have been produced over the last few years, primarily by
the British Oceanographic Data Centre (BODC) and the National Oceanic and Atmospheric Administration
(NOAA), containing GLOSS Handbook and PSMSL data sets and the World Ocean Circulation Experiment
(WOCE) SealLeve Centrefiles, together with scanned versions of the |OC Manuals which can be read with
Adobe Acrobat software. The most recent version isthat produced for the International WOCE Conference
in Halifax, Canada in May 1998. In preparation for that conference, BODC and the PSMSL circulated all
GLOSS Contacts with arequest to update and extend the information in the current version of the Handbook
and that exercise will be repeated in 1999. Most of the files on the CD-ROMSs are also available on the Web.
The Handbook can be inspected at:

http: //www.pol.ac.uk/bodc/gl osshb/glosshb4.htm

and any scientist with updated information to provide, or comments to make on particular sites, is invited to
contact the PSMSL.

NEWSLETTERS AND BROCHURE

There have been six issues of the GLOSS Bulletin on the Web. The PSMSL has undertaken to
produce a 7th in 1999, primarily using contributions from GE6. Thereafter, avolunteer organization isrequired
to take over production of the Bulletin. The African-American GLOSS News (AAGN) aso continues to be
produced regularly. This newdletter has articles mostly in Spanish and Portuguese, and is produced by the
University of Sao Paulo on paper and on the Web. A special GLOSS newd etter for Africawas suggested at
the UCT training course.
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All sea level centres (PSMSL, BODC, UHSCL, NTF) now have good Web pages which serve to
spread information to the public as well asto the science community.

An updated two page brochure advertizing GL OSS has been produced by Gillian Spencer and Robert
Smith. Two thousand copies have been printed for circulation in the UK and we hope that otherswill be printed
by UNESCO. We aso hope that GLOSS National and Regiona Contactswill arrange for printing in their own
countries. Copies of the fileswhich make up the brochure (Corel Draw files) may be sent to anyone interested
who can edit and adapt them according to local interests.

GLOSS E-MAIL SURVEY

All GLOSS Contacts can now be reached via eectronic mail except for those from the following
countries. If email addresses exist which we are not familiar with, we would be very grateful for the
information:

Angola, Bangladesh, Cameroon, People's Republic of China, Congo, Djibouti, El Salvador, Fiji, Guinea,
Haiti, Indonesia, Jamaica, North Korea, Madagascar, Mauritania, Mexico, Morocco, Myanmar
(Burma), Panama, Sao Tome & Principe, Sierra Leone, Somalia, Sri Lanka, Tanzania, Thailand,
Trinidad & Tobago, Uruguay and Y emen.

RELEVANT GLOSS-RELATED MEETINGS

Full meetings of the GLOSS Group of Experts (GGE) take place at approximatdy two-yearly intervals.
However, it is our intention that internationa collaboration will be enhanced by holding regiona meetings in
intervening years whenever possible.

An excellent GLOSS-related workshop on different aspects of sea level studies, concentrating
especidly on climate and oceanographic interests, took place at the University of Hawaii, Honolulu, USA
during 10-11 June 1997. This workshop considered the roles of remotely sensed and in situ systems for
monitoring different aspects of the ocean/climate system which result in observable sea-level signals. A
workshop report, edited by Dr. N.Smith (Chairman of the Ocean Observing Panel on Climate, OOPC), and
a study of the globa network by Dr. V.Gornitz (Goddard Ingtitute for Space Studies), was published in 1998.

One recommendation of the meeting relates to the possibility of establishing a scientific sea-level
advisory group jointly between |IOC/GLOSS and other bodies (such as CLIVAR and the OOPC) to provide
ongoing scientific advice to the wider GLOSS group. Thiswill be discussed at GE6.

A regional GLOSS meeting was held on 20 July 1998 at the Academia Sinica, Taiwan hosted by Prof.
Shui-Beih Yu, in association with a meeting of the sea-level group of the Asia Pacific Space Geodynamics
project led by Prof. C. K.Shum from Ohio State University. The meeting benefitted from the attendance of
many scientists at the Western Pecific Geophysics Mesting in Taiwan the following week. Further information
on the GLOSS mesting can be found at:

http://www.pol .ac.uk/psmsl/gb6/pcs.html
This meeting followed hot on the heels of an Asia Pacific Space Geodynamics meeting in Tahiti at

which C. K.Shum aso took the opportunity to stimulate GLOSS-relevant activities. A report on that meeting
is now available.
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We dso intend that there will bea GLOSS meeting at the [UGG in Birminghamin July 1999, probably
held in association with the IAPSO Commission on MSL and Tides. | will be aco-convenor for one of the two
main sealevel sessions at the Birmingham conference.

TIDE GAUGE HARDWARE PROVISION

Four OTT tide-gauges provided by Sweden were sent by Germany to Nigeria, Guinea, Gambia and
Cote d'lvoire in 1996. A report is anticipated from Larry Awosika, the [OCEA GLOSS Regiona Coordinator,
on this matter. Latest news, however, is not encouraging with regard to their ins