Lessons Learned:
Requirements for Building an Effective
Integrated COOS Information Management System
Development of an effective communications structure and networked problem-solving data management team encompassing the participating institutions and their various information management activities, which incorporates centralized coordination and tracking of activities.  There is a tremendous advantage in enabling technical groups from the different partners with similar mission focus to exchange and support a body of knowledge collaboratively via face-to-face meetings through which they can establish first-hand knowledge and a certain level of trust.  These interactions then serve as a basis for progression to teleconference and online, searchable documentation tools, e.g. listservs, bulletin boards, wikis.  The foundation for this networked community must be a centralized communication system that includes a transparent project management element.  Without some centralized coordination and management, project tasks may become stalled and not reach completion in good time.
Provision of sufficient resources: personnel that provide both internal and mutual support and infrastructure.  Personnel support is critical.  A certain amount of in-house expertise is essential, as is sharing of expertise among the partner institutions.  For example, one institution may specialize in database schema while another may provide the primary expertise in upgrades in data processing, QA/QC schemes, or data exchange procedures.  In addition, sufficient resources for infrastructure are necessary for reliable and efficient data processing stream and data exchange capabilities.

Good communication flow between data providers and data aggregators.  In order to develop integrated data products and insure proper flow of data to the users, it is necessary to have good communication between the data provider and the data aggregator.  There is the potential for inconsistencies or errors to be introduced in the data-to-product transformation process without sufficient interaction between all players.

Establishment of sound practices, including standards and common protocols.  It is essential that the data providers have sound practices in place for metadata, QA/QC protocols, data storage formats, and data access and archival in order to produce products and enable proper exchange and aggregation of data.  Metadata documentation that is compliant with FGDC requirements is essential, and it is better to “over-document” the data rather than have insufficient information that may prove to be valuable at a later time.  In the SEACOOS initial demonstration products, the value of standardizing data collection methods was also demonstrated.  These were map-based products visualizing coastal winds and SST, and in the process of development it became clear that each observing system had its own sampling strategy and methodologies.  Identification of some standard methodologies would considerably facilitate the integration, sharing, and dissemination of aggregated data.  Just as important is the documentation of identified standard methodologies and provision of a repository where they can be readily accessed.
Sufficient redundancy and backup.  Severe, episodic events occur and can interrupt operations at any partner site.  Thus, it is necessary to have sufficient replication or back-up of processes, which may take the form of mirror sites that can switch in if a partner’s server goes down.  The replication of particular expertise at multiple sites is also needed  to insure continuity when personnel changes occur.  Sufficient and reliable archival and backup of data, metadata, model output, and derived products is an obvious necessity, but one that needs sound planning with attention to both personnel and infrastructure needs, as well as to the potential to utilize national archival systems, e.g. NODC. 
Good coordination among key institutional personnel in information flow activity.  Ensuring uninterrupted flow of real-time data from the offshore systems to SEACOOS and affiliate partners (such as NWS) requires coordination with local IT and institute administrative personnel.  For example, while data collection was continuous during passage of one of the early 2004 tropical systems, data exchange capabilities interrupted as a result of shut-down of some key components of the LAN as part of the storm preparation procedures.

Utilization and testing of multiple technologies.   Technologies, tools, and software are rapidly being developed and maturing.  It is important to give the data managers access to a variety of potential technologies, so that they find common ground and the solutions that best fit their needs.  Flexibility is essential, as the technologies change and availability of resources may fluctuate.  Open source products foster continual evolution and adaptation to purposes, and at times “immature” software may be ultimately optimal for the purpose and worth implementing early rather than playing catch-up later.
Multiple lines of access to data.  Since a large range of user types want to access COOS data and data products, it is essential to have multiple lines of access to data, which can accommodate the different user capabilities and interests.  These data delivery means should include, at the least, file transfer protocol (ftp), web browser (HyperText Transfer Protocol [HTTP]), Internet mapping, and DODS-OPenDAP access.
Web publication process that minimizes bottlenecks.  Practice has demonstrated that in a large, multi-personnel project, there needs to be a mechanism for project investigators to publish information content and data products on the web site without one centralized point of control.  That too often becomes a bottleneck in large projects and results in unacceptable delays in access to information.  One solution is to have the investigators be responsible for publishing their own information, but then it is necessary to have a process that ensures quality control and some level of continuity.  A flexible content management system that can be mastered by multiple project personnel and information contributors can be the most efficient and rapid way to insure an informative and timely web presence.
Relational Databases are valuable for data systems and the development of aggregated data products.  Relational databases trade the efficiency of file oriented processing for the abilities of flexible query with optimizations in how data are organized and indexed for query.  Relational databases do not have to be expensive or proprietary, the more important aspect is the ability to generalize from a particular scientific domain to a more familiar (from the broader IT community perspective) data representation.  With very large (>100GB) datasets, it is often preferable to maintain a relational database of data pointers rather than the data themselves.  By including information (e.g. time, location limits) on the “chunks” of data to which the pointers extend, and/or by seriously sub-sampling the data, a limited search and discovery capability is retained. 
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