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Research Programmes and GODAE

Introduction

1.
The Joint Technical Commission for Oceanography and Marine Meteorology (JCOMM) was proposed as a mechanism for implementing and maintaining observing system elements relevant to the climate module of GOOS (and ocean component of GCOS) and the marine meteorology program of WMO. Most physical oceanographic measurements have been included using the argument that all such measurements are relevant to climate. In practice, no firm outer bound has been placed on JCOMM in order to allow some flexibility for the Commission.There are also several research programs and pilot projects that will contribute to, and benefit from, the JCOMM. This document provides a brief overview of those connections and their relevance.

The WCRP research program CLIVAR

2.
The Climate Variability and Predictability Programme of the WCRP is the research counterpart of the physical aspects of GCOS ocean and atmosphere. It encompasses intraseasonal (e.g., monsoon), seasonal-to-interannual and decadal-to-centennial climate variations and climate change. The Tropical Oceans-Global Atmosphere experiment (TOGA) and World Ocean Circulation Experiment (WOCE) provide much of the scientific foundation for CLIVAR, just as they do for the design of the ocean climate observing system of GCOS/GOOS.

3.
Figure 1 shows schematically the relationship between the “operational” components of the observing system of interest to JCOMM and the sustained and process study measurements of CLIVAR. The research observations are implemented in the presence of a basic/operational network. The over-riding imperative for CLIVAR is the quest for understanding and knowledge of the climate system, as described by the CLIVAR science plan. The observations of GCOS/GOOS are also undertaken scientifically and according to best practice but they exist for long-term applications, not just science. It can be expected that some elements needed by CLIVAR will be managed and implemented within the framework of JCOMM. Yet other elements will need expert, research facility capabilities.  Some parts of the sustained observing system for CLIVAR may progress to operational support over time.
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Figure 1.  Schematic of the relationship between the (operational) ocean observing system for climate of GCOS/GOOS and the research program CLIVAR and other research programs and pilot projects. The CLIVAR sustained observing in turn provides a foundation for short life-time process studies, for example, within the Variability of the American Monsoon System (VAMOS) experiment.

Joint Projects

4.
Over the last several years, the OOPC has worked hard with CLIVAR and its Upper Ocean Panel in order to establish an observing system that would jointly satisfy both research and operational needs (see Figure 2). This collaboration is vital for GCOS/GOOS since it provides access to scientific guidance and advice as the observing system develops and evolves.

5.
The International Sea Level Workshop (GOOS Publication No. 55) was the first example of such cooperation. Both groups believed it was an effective strategy. Argo, the global array of profiling floats, was also developed as a joint pilot project. The first International Conference on Ocean Observing Systems for Climate (OCEANOBS99) was conceived to draw the oceanographic community into this new way of working.

6.
The Upper Ocean Thermal Review and Workshop will be the next instance of collaboration, with the OOPC and SOOP IP providing the lead. For the time-series stations, where POGO might be needed for implementation, the lead will probably start with CLIVAR since it is mainly research imperatives and objectives that are setting the agenda.

The overall structure

7.
Figure 3 is adapted from the structural diagram for JCOMM. CLIVAR is a Programme of the World Climate Research Programme that is in turn one of the sponsors of OOPC. GODAE and Argo are two pilot projects that are seen to be directly working toward the development of an operational ocean observing system for oceanography and climate.

8.
The OOPC must take the lead role for scientific advice to JCOMM, but it also has a responsibility to ensure that scientific and technical advance in CLIVAR is used to improve the systems of JCOMM. The capacity-building projects like GODAE and Argo are an alternative way of enhancing the capabilities of JCOMM in collaboration with research.

Additional research requirements

9.
The development of the CLIVAR Implementation Plan followed the development of the requirements for the Action Plan (for JCOMM) by the OOPC. These requirements were initially drafted for the Sydney Workshop based on the OOSDP Report (1995) and subsequent developments by OOPC. The Upper Ocean Panel of CLIVAR which, at that time, was mainly focussed on ENSO issues and the ENSO observing system, also made an early decision to use the OOSDP report as the basis for development of its plan.
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Figure 2. Schematic showing projects of the OOPC and their relationship to CLIVAR and its Upper Ocean Panel
10.
It made sense then to use the Action Plan, with enhancements as appropriate to the research objectives of CLIVAR, as the basis for the CLIVAR Implementation Plan. This process was aided by the fact that much of the work writing the CLIVAR Plan was done by people familiar with the JCOMM process. At this same time the plans for Argo were emerging from GODAE and the CLIVAR UOP.
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11.
 The CLIVAR IP goes beyond the Action Plan in several areas. First, the emergence of Argo

provided a means to sample subsurface salinity, a key variable for longer period climate studies and other research within CLIVAR. The Action Plan noted the possibility of using profiling floats but properly treated it as a pilot project rather than as an existing capability. The CLIVAR IP also discusses the need for hydrographic data in more detail (inventories and transport) and the role of time-series stations. One might expect that aspects of each of these sustained programs/projects would in time transition to some sort of operational footing. The case for operational support of some of the high-density XBT lines is also strengthening though, in this case, the above-mentioned study on the upper ocean thermal network may directly recommend support within GCOS/GOOS.

12.
There are several differences between the scientific remit of OOPC and its research counterpart, the CLIVAR Upper Ocean Panel (note that CLIVAR has informally agreed that the latter panel should consider all observations relevant to the global sustained ocean observing system). First, the OOPC, like its predecessor the OOSDP, has a charge to consider biogeochemical observations and, in particular, strategies for monitoring the oceanic carbon budget. It is likely such measurements will become more common on platforms within the remit of the JCOMM. The Joint Global Ocean Flux Study (JGOFS) and the SCOR/IOC Panel for CO2 are the groups most relevant in terms of scientific research. Second, OOPC has been asked to consider the ice-covered ocean that, within WCRP, is the interest of the Arctic Climate System Study (ACSYS). OOPC has opened up a dialogue with ACSYS with a view to strengthening this aspect. Finally, through GODAE and decisions of the GOOS 

13.
Scientific Committee (in its former guise as J-GOOS), OOPC has been taking a more active interest in ocean estimation (independent of its relevance to climate) and, in particular, ocean

forecasts. WOCE is the relevant scientific group for ocean estimation though its interests are limited. For other aspects, there is no research program counterpart, which raises difficulties for both the OOPC and GODAE.

14.
We are entering a new era for management of resources for sustained ocean observations, both in the in situ domain and for remote sensing. JCOMM will need to adapt to and learn to benefit from this new mode of business. Pilot projects are one way to engineer an orderly transition from research to operational, long-term (sustained) support. But this will not be the only mode and JCOMM will have to exercise both discipline and vision in dealing with a research community whose attention is more often on the exciting, leading edge and less often on the proven, robust long-term elements.

The Global Ocean Data Assimilation Experiment

15.
Remote sensing was always going to be a critical element of the ocean observing system for climate. But to take advantage of the possibilities, we needed a more integrated approach with respect to remote sensing; vastly improved cooperation and integration of remote and direct data streams; and ocean models and data assimilation to exploit this information. The Global Ocean Data Assimilation Experiment (GODAE) was conceived as a necessary step towards achieving those aims. Excellent progress has been made with respect to defining remote sensing requirements, thanks in part to CEOS and GOSSP (see Document 10), and with the Argo initiative, we are about to see a small revolution in direct observation of the ocean (Section 5). The schedule for GODAE is however quite daunting and it faces major challenges to attract the intellectual involvement and modelling/data assimilation expertise and investment that will be necessary to make it work.

16.
GODAE has devoted considerable time to the definition and goals of GODAE. The experience of the Global Atmospheric Research Programme and its FGGE were used extensively for this discussion. The revised are:

(i) The application of state-of-the art ocean models and assimilation methods for short-range open-ocean forecasts, for boundary conditions to extend predictability of coastal and regional subsystems, and for initial conditions of climate forecast models.

(ii) To provide global ocean analyses and re-analyses for developing improved understanding of the oceans, improved assessments of the predictability of ocean systems, and as a basis for improving the design and effectiveness of the global ocean observing system.

17.
Existing SST products are limited for the purposes of GODAE. Present products are generally of modest resolution (typically greater than 100 km for global products) and do not capture higher-frequency details. GODAE resolved to develop a specific project related to high-resolution SST products. It was assumed that the AOPC/OOPC SST WG would be brought into existence to focus on climate aspects and that, as far as is practical, any global high-resolution product would reduce to the "best" global climate product when averaged over the appropriate space and time scales. The GODAE project will push as far in temporal and spatial resolution as is deemed practical. We want it to be useful for coastal and regional/mesoscale applications but it may not be practical to push down to the km scale globally. High resolution will probably mean at least 10 km and at least daily (not just produced daily), and perhaps some attempt to resolve the diurnal cycle. This product will be made available as a first guess for very-high resolution (~ 1 km coastal products).

18.
There was also considerable debate at the most recent GODAE meeting concerning Pilot Projects. To realize the goals and ambitions of GODAE, Pilot Projects must have goals and outcomes that conform with GODAE objectives and integrally lead to the better conduct and/or execution of the primary global experiment. A Project will normally have

· A set of objectives/goals

· A strategy

· An implementation plan

· A schedule

· Defined outcomes
19.
A GODAE Pilot Project develops capacity by engaging a section of the community in an activity that contributes in a non-trivial way to GODAE. It swells and enriches the GODAE Common. Argo is an example of a GODAE Pilot Project. The Pilots will normally embrace a particular sector of GODAE, be that the development of a specific observational capability or regional prototype of GODAE itself. 

20.
An alternative, and complementary approach, is to set in motion actions (tasks, work) that focus on the commonalities across dispersed activities. These might be called cross-cutting initiatives and are usually undertaken through working groups.

Three areas were identified as high-priority in terms of developing infrastructure.

· Data and information management/flow practices

· Linkages into the community beyond GODAE

· Developing metrics for assessing progress

21.
A boost for the first of these activities has been provided by the announcement of support for a GODAE data server at the Fleet Numerical Meteorological and Oceanographic Center. This server will provide international access to most of the critical data sets and products and boundary conditions needed for operational oceanography. For the regional activities, GODAE concluded it was best to form a Working Group that would examine the generic issues, with an initial focus on the North Atlantic. The initial work program would focus on intercomparison exercises for models and data assimilation. The WG would look at skill evaluation, develop GODAE-generic impact studies and look at activities that linked with the non-GODAE community.

22.
An initial draft of the GODAE Strategic Plan has been prepared. Like many other activities in 1999, the OCEANOBS99 Conference is seen as the most appropriate target for this Plan.

Argo, global the array of profiling floats

23.
In the first half of 1998 both GODAE and CLIVAR passed resolutions supporting the idea of a global array of profiling floats, about 2-3000 in all, measuring T and S to 2000 m every 10 days. This initiative is now known as Argo. A Workshop was convened to examine the feasibility of this idea (in conjunction with the 2nd meeting of the International GODAE Steering Team). The Workshop concluded that Argo was most definitely worth doing and feasible. Initial estimates suggested the per-profile cost (of T and S to 2000m) could be as low as US$100. Certain technical challenges were identified but none of these were deemed insurmountable.

24.
An Argo Science Team was formed with a target date of October 1 for the first draft of an implementation plan drawing on the Prospectus and the initial proposals. This draft was circulated for non-advocate review in October and drew around 30 responses. None questioned the need for Argo or the technical feasibility. The majority of the comments targeted the scientific and operational rationale, deployment, sampling strategies, and the need for integration within the global observing system. The GODAE Office published the Initial Plan in early November 1998 and distributed it to delegates at the CLIVAR Conference in the 1st week of December.

25.
In parallel with the scientific development, a major campaign was initiated to encourage international participation, led by NOAA. This has clearly been very successful and GODAE (and GOOS and JCOMM) should be extremely grateful for the energy that has been expended by this group on our behalf.

26.
The 1st meeting of the Argo Science Team was held in Easton prior to the third meeting of GODAE. Estimated national contributions are 
:
Australia
30-50 floats per year

Canada
35

EU

50

France

50

Germany
? 

Japan

- design study

70

- frontiers, etc

?

UK


50

US


300

27.
Conclusion: it is realistic to expect 600 deployments per year by around 2001. The main obstacle to global distribution is the Southern Ocean. The basin-by-basin requirements are (in units of total operating floats)

Indian


440

Pacific


1303

Atlantic

629

Southern Ocean
970

28.
Achieving global distribution remains a top priority for Argo. There had been significant discussion on technical issues:

Salinity
Presently have demonstrated capability of around 2 years. New CTD sensors are being developed which promise more accuracy, better quality and greater lifetimes. Seeking a demonstration of 4 year lifetimes (due 2003!)

Communications
Argos, Orbcomm and Iridium are the leading candidates. Argo needs increased bandwidth cf the present and 2-way communications to minimise surface time (alleviating energy drain and fouling)

Power
General good news. Improved power efficiency should enable > 200 cycles and permit deep profiles without impacting longevity

Deployment
VOS and air are the leading candidates. The ability of VOS to achieve even global coverage is its main limitation. Air deployment is potentially cost-effective. Access to hours on a suitable aircraft is the key element for air deployment; there is no reason to suspect at the moment that air deployment will more troublesome (in terms of instrument damage and failure) than VOS.

Parking depth
Remains unresolved with arguments for both thermocline and deep.

Profile depth
Deep 2000m preferred (and doable independent of parking depth).

Cycle time
Around 10 days

There was also significant discussion also data flow issues (Figure 4).

29.
There is unanimous agreement that ALL data will be distributed in real-time. The data acquisition/assembly centres are likely to be modelled on the WOCE Upper Ocean Thermal Data Assembly Centres. The Argo ST noted that retaining the interest and enthusiasm of the present float community may depend on attention to the openness of the total data and information system (e.g., the GODAE Common). While in principle this is so (e.g. models, products should be as freely exchanged as data), in practice it may need some explicit demonstrations that this will be the case. The data originators, assemblers, processors (modellers, assimilators) and service originators should all be equal in terms of identity with GODAE output. There must be explicit feedback and interactions amongst this constituency. This might also be a consideration for GOOS.

30.
The Argo ST is now concentrating on the development of an implementation plan. OCEANOBS99 is as a key target in this process. Various initiatives are being taken to address the globalization issue. The issue of floats entering EEZ's and the potential for violation of Ocean Dumping Conventions are significant concerns. 

31.
In summary, Argo is at or ahead of the schedule that was established 12 months ago. Indeed, the international interest, derived from interests ranging from climate change to operational ocean forecasting, is impressively strong and suggests that we can confidently plan toward the initial targets. The climate change applications perhaps need to be exploited (explained) somewhat better than perhaps we are at present.

32.
For JCOMM, it is important to remember that Argo remains a Pilot Project; it has many issues that must be resolved before we can claim it is a stable, robust method worthy of long-term support. Insofar as the OOPC is concerned, questions remain about the "optimum" sampling and the ability of Argo to cover the global ocean. Nevertheless, Argo data will be available in real-time and will impact on other elements of JCOMM in a non-trivial way. The OOPC/CLIVAR/SOOP thermal network study is a first attempt to assay what that impact might be. Argo also has many things in common with the early days of TAO; it is critically dependent on improved communications and it is delivering a data stream that is for most intents and purposes novel. We have little experience in dealing with such detailed, deep randomly distributed temperature data, and for salinity there are many outstanding technical and scientific issues. The decision to exchange all data in real-time is a bold initiative to entrain a larger community in the study of the data and development of Argo. JCOMM would be wise to consider and plan for the impact of Argo. However it would also be wise to let Argo develop and mature at its own pace and avoid unnecessary interventions and interference, no matter how well intentioned they might. Let Argo come to JCOMM, do not try and "capture" it.


[image: image2.wmf]Originator 1

Originator 3

Originator 2

Originator 4

Originator…

Comms

and

telemetry

Auto

QC

U

U

S

S

E

E

R

R

S

S

DAC

1

PI a

The fast route

PI b

PI ...

DAC

...

PI x

PI y

PI ...

The quality route

80%

80%

10%

10%

10%

10%

Approximate resource distribution

Approximate resource distribution


Figure 4. Schematic of the data flow for Argo, from several originators (collectors/operators) through some advanced communications system, and ultimately to the user community (scientists and operational centres and others). Two paths will be supported: one a fast, automated route, the other with more considered quality control and processing procedures. Argo estimates that around 10% of the total resources should be devoted to this latter component.
_____________
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Figure3.  Structural diagram showing the functional relationship between JCOMM and its Programs, the OOPC and its parent groups, GCOS, GOOS and WCRP, and the research program CLIVAR. Argo is an example of a shared pilot project.














� These are not national 'commitments' and should not be interpreted as final target numbers. They are seen as what is practical in the next few years.
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