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Abstract

This paper examines the circumstances that motivated the initiation of a Global Ocean Data Assimilation Experiment. Its scientific roots derive principally from the World Ocean Circulation Experiment, both in terms of the critical data streams such as altimetry and ocean profiles, and the model and data assimilation (ocean estimation) techniques. The motivation came from analyses of need in the marine environment and the desire to provide a an integrated framework for development and maintenance of the global ocean observation system. In terms of the demonstration of feasibility and practicality GODAE sought inspiration in the weather prediction community and the pivotal role of the First GARP Global Experiment. GODAE drew its strength first from the enthusiasm and dedication of the scientists who shared the vision and second from its Patrons who provided advice on the policy context as well as the core of the resource base that sustained GODAE in its formative stages. The development of a framework for sharing of and access to GODAE intellectual developments and data and products, the “GODAE Common”, was essential. From the outset, GODAE promoted and facilitated development of critical datasets suited to the task of ocean estimation and prediction, GODAE played a formative role in both Argo and GHRSST and was active in developing efficient data assembly methods. GODAE pioneered a governance model that emphasised autonomy while at the same time retaining focus on the framework that would sustained GODAE’s systems in the long term. The combination of good ideas, visionary agencies and good people underpinned the achievements of GODAE.
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1. Introduction 

In November 1996, M Lefebvre suggested to colleagues on a high-level panel for global ocean observations suggesting that the international ocean community should examine the possibility of global ocean prediction systems. The notion was developed from ideas formulated during 1995 within the French oceanographic community and that ultimately led to the creation of MERCATOR (Bahurel et al, 2006). The ideas were not limited to ocean modelling, but included visions of integrated satellite and in situ observing systems.
At the same time, the Ocean Observations Panel for Climate was looking for ways to generate advocacy and investment in the ocean observing system and, in particular, approaches that would exploit the complementary and synergistic network structure in a way that would demonstrate the long-term value. From analogy with numerical weather prediction, and emerging seasonal climate prediction systems, it was clear that models would provide the integrative force, but thinking had not moved very far from concepts, at least in the international community. The Lefebvre note resonated with those concepts and through the early part of 1997 the authors exchanged many ideas on how this daunting prospect might be turned into reality.
At that time, efforts to synthesise the results from the World Ocean Circulation Experiment were intensifying and a number of modelling systems for assimilating ocean data for the purposes of estimating ocean climate were emerging (see Siedler et al, 2001; Smith, 2001). In many ways oceanography was championing innovations in assimilation and ocean state estimation (Wunsch, 2001) and using the most advanced computers to make significant progress. Seasonal climate prediction models were also available (e.g., Ji et al, 1998), taking advantage of the observing network established by the Tropical Oceans-Global Atmosphere Experiment.
Ocean prediction at that time had generated interest in only a few locations, such as in the US Navy (e.g.,  Hurlburt, 1992; Peloquin, 1992). The models deployed attempted to resolve mesoscale eddies but compromises were made elsewhere in order to make the solution feasible.
It was from these seeds that the Global Ocean Data Assimilation Experiment grew.  A “Proposal for a Demonstration Project on a Global Data Assimilation System” was presented to the Ocean Observations Panel for Climate in February 1997, in Cape Town, by the authors and after considerable debate it was adopted as a pilot project. The idea was also presented to, and adopted by a number of groups concerned with global observations. Interestingly, the ideas behind GODAE were not initially greeted with a great deal of enthusiasm by the research community, principally because GODAE did not have a science focus.
2. The Foundations

Opportunity and need were the overarching drivers for GODAE (Smith and Lefebvre, 1997):

· the development and maturity of remote and direct observing systems, making global real-time observation feasible;

· the steady advances in scientific knowledge and our ability to model the global ocean and assimilate data at fine space and time scales;

· the genuine enthusiasm of the community and, in particular, the remote sensing community, to promote and implement integrated global observing systems; and

· the critical advances provided by research programs like TOGA and WOCE.

Perspectives on the need were aspirational and audacious: there was not a stated demand at either international or national levels, but an inferred requirement from the collective dependency of applications on the ocean state. The case was persuasive. 

There was also a need in terms of exploiting the full potential of ocean observing systems, and parallels with numerical weather prediction were used to argue that the full benefits of observations would only be realised through integration with numerical ocean prediction systems. 

The demonstration aspects drew heavily on the experiences of the meteorological community in the First Global Atmospheric Research Program Global Experiment, known as FGGE (Bengtsson, 1981). FGGE set out to demonstrate that global weather prediction was feasible and practical by assembling, for a year, an observing network of remote and in situ observations capable of initialising models. FGGE showed numerical weather prediction was practical and of real benefit and impact.

The scientific foundations provided by the World Ocean Circulation Experiment deserve particular mention. It had championed altimeter and scatterometer measurements, both of which would be critical for GODAE. It had extended the TOGA observing system globally through the ship-of-opportunity program among other initiatives, and had promoted new technologies such as surface drifters and subsurface floats. While GODAE would play a small, but important role in championing the development of floats and other measurement approaches, it was the scientific and technical endeavours within WOCE that provided the substantial basis.
3. Building GODAE and the GODAE Partnership
GODAE broke from the mould of experiments such as WOCE and TOGA in that, like FGGE, its principal aim was to demonstrate the feasibility and practicality of global ocean prediction. GODAE was not established on a set of hypotheses or scientific objectives, but on a vision of creating a number of systems that would estimate and predict the state of the ocean, regularly and with sufficient accuracy and skill to make the results useful for a number of social and economic applications. GODAE had a scientific basis, as noted above, and would evolve and grow in part on the basis of scientific and technical innovations, even though providing information for, and advances in, science was not the primary objective.
The specific objectives of GODAE were to (International GODAE Steering Team, 2000):

I Apply 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 Provide global ocean 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.

The objectives were broad and maintained balance between practical goals (forecasts, information for sub-systems) and strategic objectives (science, evolution of the observing system).

In developing the partnership, a number of important concepts emerged. 
First, from the outset, it was agreed that GODAE would be self-sufficient and to the extent possible, autonomous (E Lindstrom used the term “aloof”). Since GODAE was based on the premise it would yield tangible, useful results, it was reasoned that it should make this faith and conviction explicit, and not call on established research and “operational” programs such as GOOS and GCOS for support. To do this GODAE established a Patrons Group, representing agencies with a stake in the outcome of GODAE. The Patrons coordinated and facilitated support for GODAE and its Office and provided a stakeholder forum for consultation. The importance of the initial vision and investment and sustained support of the GODAE Patrons cannot be over stated.

At the core of this support was the satellite community, working through the Committee on Earth Observation Satellites (CEOS) and its Integrated Global Observing Strategy (IGOS). GODAE was presented to and endorsed by the Strategic Implementation Team in February 1997 and, through the work of P Courtier, an agreement was reached to commit resources to support GODAE. GODAE was the first pilot project of IGOS and the support of this community has been constant and strong through the life of GODAE. EUMETSAT, NOAA, CNES, NASA, the then NASDA, and ESA, among others, provided the initial foundations from the remote sensing community.
Second, the coordination and management of GODAE was entrusted to “partners”, the collection of agencies and scientists who contributed to the planning and implementation of GODAE. There was nothing particularly novel about this concept, nor in the creation of an International GODAE Steering Team, but it was the energy and determination of this group that was instrumental in making GODAE viable and, we believe, a success. GODAE shared something with TOGA in that most of those involved were (originally) young scientists with great passion for the field and keenness to “make a difference”. The mix of youth and enthusiasm with the experience and wisdom accrued through WOCE proved a vital ingredient.

Third, the strategy for the development of GODAE products was built on the concept of a GODAE “Common” shared by and accessible to all GODAE Partners contributing to the goals and objectives of GODAE. This concept emerged from the first meeting of the International GODAE Steering Team and interestingly has a lot of features similar to the Creative Commons concept that is being used increasingly for licensing of data and information access. The notion of sharing of data had its roots in the sea level community and was picked up by TOGA, particularly in the development of the Tropical Atmosphere-Ocean (TAO) array. The Ocean Obs ’99 Conference (Koblinsky and Smith, 2001) extended this paradigm more widely, with GODAE also championing open access to and exchange of model results.
Finally, GODAE was conceived and implemented as a finite period “experiment”. In early discussions between the authors, and with others involved in the satellite community, the importance of setting a schedule and staying to it was emphasised again and again. In reality GODAE did slip around 12-18 months behind its original schedule, but the final conference is being held in 2008, as was originally scheduled. There will be life after GODAE, but it was important to emphasise to potential investors at the start: GODAE aims to conduct a demonstration, develop useful and sustainable systems, and then “retire”. No sunset clauses, just a schedule of work and a conclusion.
4. On the Importance of Data

The dependence on ocean data streams was recognized from the start, but also constituted a significant risk. GODAE believed altimetry was crucial, both in high-precision low resolution and low-precision high-resolution modes, the latter for resolving and initialising eddies. GODAE was presented to an International Symposium in Biarritz in 1997, a meeting convened by what we now refer to as the Ocean Surface Topography Science Team. The close alliance between the OSTST and GODAE has endured, with each of the GODAE Symposiums being held in conjunction with a meeting of the OSTST. Indeed, the success of the then TOPEX-POSEIDON Science Team was a strong motivating force for the way GODAE organised itself.
While GODAE made contributions to the success of altimetry, the greater debt is in the reverse direction. The strength of the altimeter community, and the strength of advocacy for missions, has been an exemplar for the rest of the community, and GODAE has been able to reap rewards on the back of this success. It was envisaged that at this point GODAE would be able to demonstrate, on its own if necessary, that altimeter missions delivered tangible benefits to the community far greater in value than the investment required to sustain the missions. The fact that significant uncertainty surrounds future altimetric missions suggests we have not yet provided that unequivocal evidence, at least in a form that is convincing to those who must make the investment.
When the first “gap analysis” was done for GODAE, the glaring weakness was in situ profiles of the ocean. Profiling floats developed in WOCE, combined with ship-based techniques, appeared to offer some potential but at that time it was just that: potential. During 1997, two independent proposals emerged, each with the idea of exploiting float technology for a global profiling network. In January of 1998, both proposals were considered at the first meeting of the International GODAE Steering Team. There was little hesitation in providing strong support, though there was considerable debate about the urgency and timing. Ultimately it was agreed that GODAE would, in partnership with CLIVAR, convene a meeting to launch a global profiling float initiative. The meeting was held in Tokyo in July 1998 and at that meeting it was agreed to form a science team under the leadership of D Roemmich, and Argo was born.
In many ways Argo has become the flagship for ocean observing systems. From the start, the attraction of the approach was self-evident and, in the Science Team, it had all the ingredients needed to be successful. The governance model was similar to GODAE in that it was semi-autonomous and self-sufficient. Attracting the needed investment was always going to be a challenge but through the strength of the science plan (Argo Science Team, 1998), the tireless work of a number of individuals, and the enormous strength of the Science Team Argo has mostly exceeded the expectations that were agreed at the meeting in 1998. Argo is providing data that is unparalleled in terms of quality and extent, particularly in relation to salinity. GODAE should be proud of the little push it provided to initiate the project, but the credit for success lies with the project itself.

The second pilot project spawned by GODAE was not envisaged in the original plans. Indeed, in the original concepts and plans, it was simply assumed that sea surface temperature was sampled with sufficient accuracy and resolution to satisfy even the most demanding ocean prediction model. Mid-way through the first phase of GODAE, however, it became evident that existing sea surface temperature products lacked the quality and accuracy at the spatial and temporal resolutions demanded by GODAE. It was also evident that the needs of numerical weather prediction, upon which GODAE had a strong dependency, were not being satisfied, and that the uncertainty in climate products was perhaps larger than originally envisaged. Unlike altimetry, there appeared to be a surfeit of data, much of it from operational satellites, but at that time the community was not organised in a way that could bring these data together. 
In 2000, GODAE released a prospectus for a sea surface temperature pilot project. The idea was to develop the next generation of high-resolution SST products, merging data from a range of polar orbiting satellites, from geostationary satellites, and from new microwave imagers to produce datasets characterised by high spatial resolution, sub-diurnal temporal resolution, and through virtue of microwave data, global products without gaps arising from clouds. The Global High-Resolution SST pilot project was agreed on the basis of that prospectus and an initial meeting in Italy in November 2000 (Smith, 2001). The governance model followed GODAE and Argo (autonomous, self-sufficient, etc.) and from those modest beginnings GHRSST, as it is now known, has grown into a flagship project, revolutionising the way SST products are developed.
GODAE was active in a number of other data areas, particularly in promoting composite integrated data holdings, such as in the Coriolis project (Pouliquen, 2006). Indeed, the GODAE influence in promoting real-time delivery of data and leadership for a number of initiatives that have assisted in consolidating datasets into a form that is more readily accessible and usable has been critical.

5. Models and Data Assimilation

This topic will receive much attention through the rest of this conference and we will not dwell on it a great deal here. The role of models and estimation tools was emphasized from the outset, drawing heavily on the experiences of WOCE, particularly in the approach to ocean state estimation and error characterization. The generation of globally consistent fields of ocean temperature, salinity and velocity components through the synthesis of multivariate satellite and in situ data streams into ocean models was a central theme of GODAE. 

From the outset it was recognized that quantifying the error and utility of GODAE products would be important. Christian Le Provost provided leadership for both the modeling and, during the middle years of GODAE, for the development and establishment of metrics upon which systems could be evaluated and intercompared. Ultimately the integrity of operational systems rests upon the degree to which the user has confidence in the quality and assurance that the products are fit for the intended purpose. The initiatives started by Le Provost were always going to be fundamental to success and his passing left a void that was difficult to fill.
Global high-resolution ocean model assimilation systems were the main focus of GODAE, initially eddy-permitting, but later eddy resolving. Regional prototypes proved critical for development and for regional applications. Sector-specific systems (e.g., for global climate estimates) were also an important aspect, particularly in the context of ocean re-analyses.
Along the way, many scientific questions arose, some of which will remain valid post-GODAE. To what extent is the ocean predictable, and what are the scale dependencies? Does this predictability vary, for example in boundary currents, and does it vary with time (for example, in the presence of significant interannual variability)? What are the dependencies and limitations of this predictability for practical purposes, noting that for GODAE this is as relevant to re-analyses as it is to future projections? GODAE will provide only the first installment in our quest to address these issues.
6. Conclusions, and a Beginning
A great deal has been learned from GODAE, and from the many initiatives that together constitute the international partnership. This conference will likely claim GODAE as a success, and in a number of ways the systems that are now established bear testament to that claim. 

The investment in GODAE, and its partner initiatives Argo and GHRSST, began from a base near zero and the community should take heart from the fact that from such humble beginnings, and perhaps a humble end, GODAE leave behind a valuable set of assets and capability as well as knowledge and skills in a community that has been innovative and productive.

There have been aspects that have fallen short of expectations. The management of the project has not always been as effective and efficient as it might –lack of formality is a wonderful thing, but it can give rise to some frustrations. The extent of international involvement is in line with original expectations, but in some regions progress has been far slower than hoped. The impact on observing system design and the substantiation of observing system impact has probably not been as influential as originally hoped. The support for investment decisions, particularly for altimetry has not reached original expectations.

Take up and adoption of GODAE products has been strong in some areas, weaker in others. The relationship with coastal and regional modelling was expected to be strong, to the point that we anticipated an effort that would be as visible and viable as GODAE itself. This has not turned out to be the case. 

While it is important that GODAE is brought to a close, and lessons learnt and banked, it is equally important that the opportunities to launch the next generation of innovative systems is fully exploited and momentum not lost. Other papers in this conference will discuss GODAE follow-on initiatives, and the creation of an expert team to guide the operational systems through their transition into JCOMM. There are exciting prospects, particularly in relation to ecosystem modelling and prediction, and coastal environmental modelling. John Kindle remarked at one IGST meeting that (and not using exact words) the discipline had come of age when the ocean simulations and predictions started to look like the real ocean, with eddies, filaments, etc. There is still much work to be done as we move beyond the physical and dynamical systems, not least in terms of understanding predictability, but GODAE yields to the beginning of an exciting new phase.
For these authors, perhaps the most rewarding aspect of being there at the beginning, and being there at the end, is that we have been able to witness the birth of a community that has grown and flourished, to the point where it is now ready to start a new life. The ability of that community to work together for a common cause, in harmony and with a shared sense of purpose and achievement has been particularly rewarding for these authors and is an important part of the GODAE history. The friendships forged through GODAE will endure.
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