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A. Project Summary

The primary objective of this proposed program is to address the requirement for a data management system that can easily disseminate, protect, and provide short and intermediate term storage of marine biogeochemical and ecological data.  Our goal is to provide research scientist and others with the tools and systems necessary to work with marine biogeochemical and ecological data from heterogeneous sources with increased efficacy.  To accomplish this goal, we propose to merge the two data management offices (former-JGOFS and GLOBEC) over a three-year time frame in order to better to provide a venue for funded investigators in the Ocean Science Chemical and Biological Oceanography sections to submit their electronic data/metadata and other information for open distribution via the World Wide Web both during the course of their research and once they have completed it. The JGOFS/GLOBEC Client/Server distributed data management system software will be used to enable the serving of data and information to every investigator, regardless of computing platform.   In addition, we will establish web services for data discovery, and development of a machine-to-machine application programming interface (API) to allow interoperability between data systems on the web.  During the proposal period, the office will manage exiting and new data sets from individual scientific investigators and collaborative groups of investigators, and will continue to make these available via an online. The office will work with principal investigators on data quality control; maintain an inventory and program thesaurus of strictly defined field names; generate metadata Directory Interchange Format (DIF) records required by Federal agencies; ensure submission of data to national data centers; support and encourage data synthesis by providing new, online, web-based display tools; facilitate interoperability among different data portals; and facilitate regional, national, and international data and information exchange.

Results from Prior NSF Support
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The U.S. GLOBEC Program is addressing the issue of how global climate change may influence the abundance, distribution, and production of animals in the sea. The U.S. GLOBEC Northwest Atlantic/Georges Bank, Northeast Pacific, and Southern Ocean projects are doing this by studying and integrating the underlying physical and biological processes that influence abundance of key populations of marine animals.  The data sets produced from the field work, laboratory studies, and retrospective studies, must be made available to all participating investigators in a form and manner that is conducive to collaboration, integration, and analysis.  The requirements to serve a large, distributed, multi-disciplinary group of investigators led to the creation of the U.S. GLOBEC Data Management Office at the beginning of the program (1994). 


The  U.S. GLOBEC data policy (U.S. GLOBEC Data Policy, Report Number 10, February 1994) was implemented by using the U.S. Joint Global Ocean Flux Study (JGOFS) data management system and the features and capabilities of standard World Wide Web browsers (e.g. Internet Explorer, Mozilla, and Netscape).  This Client/Server distributed data management system software (Flierl, et al., 1997; Groman and Wiebe, 1997) has enabled the serving of data and information to every investigator, regardless of computing platform.  Furthermore, since the JGOFS/GLOBEC data management system has a high degree of flexibility, access to distributed data sets of tabular data, images, and movies, via standard Web browsers was possible.  Program documentation and information are served as static pages and figures. Data (numerical values, images, and movies) are dynamically served, with any updates in the data immediately available to the program and to the larger scientific community.  The JGOFS/GLOBEC software, built upon NCSA's httpd protocol, allows investigators to serve their own data, which can be stored locally in the format of their own choosing. The software handles sub-selection of data and creation of dynamic HTML pages, as well as provides functions such as simple plotting and merging of data sets. In addition, data can be drawn directly off the network and incorporated into programs such as data assimilation models or MATLAB analysis programs. This Web-based, distributed computing paradigm (multiple servers/multiple clients) has provided flexible database and information services to a large community of researchers.

Accomplishments

Since the inception of the Program, we have accomplished the following:

!
Supported the U.S. GLOBEC Northwest Atlantic/Georges Bank, Northeast Pacific and Southern Ocean (with some separate funding) data management efforts since each program’s inception.

!
Designed and coded a method to serve Satellite images via the JGOFS/GLOBEC data management system using several shell and Perl scripts to display the available months and days of images and convert the image for display on a web browser.

!
Designed a data inventorying scheme to enhance data access to our data.  This scheme is implemented for the U.S. GLOBEC Northwest Atlantic/Georges Bank and Southern Ocean programs.

!
Worked with people and organizations to enable (or update) their machines to be data servers.

!
Worked with many scientific investigators to get their data collections online, including the supporting metadata information.  Currently there are over 1075 Georges Bank, 218 Southern Ocean and 348 Northeast Pacific data sets online (accessed via 170 data objects), representing data from well over 200 cruise legs, from more than 100 scientific investigators.  While it is difficult to accurately estimate the total size of the data set because the system supports distributed data servers, we estimate that we provide access to about 100Gbytes of on-line data and information.  In addition, 61 Directory Interchange Format (DIF) records were completed and submitted to the Global Change Master Directory.

!
Transfer of data to the National Oceanographic Data Center (NODC).

!
Developed and made available the EasyKrig objective mapping software and the Silhouette DIGITIZER software for measuring the lengths of marine organisms in the macrozooplankton size range. Both are MATLAB-based.

!
Maintained and upgraded our central data server, now a Sun SunBlade 2000, (running under Solaris 2.9) with 6 Gbytes of primary memory and 369 Gbytes of mirrored disk storage.  This system is the primary data and applications server for the U.S. GLOBEC program.  It provides the home page, supporting documentation, and JGOFS/GLOBEC software that allows access to the online data, some of which also resides on this server.  The remaining data resides on servers owned by the data contributors.)

!
Provided infra-structure support and organization for a number of Scientific Investigator Meetings and data workshops. 

Coordination with JGOFS Data Management Office

The office has worked closely and coordinated with the Joint Global Ocean Flux Study (JGOFS) Data Management Office, since we use the same data management software.   Issues jointly worked on included:

!
Specifications for new methods (data access software)

!
Enhancements to the database software and user interface

!
Data inventory mechanisms

!
Improved the design of error handling within the standard methods;

!
Designed and coded enhancements to the standard method to better display data listings;

!
Improved the user interface to the basic plotting and graphing tools.

Working with G. Flierl at MIT (lead architect of the U.S. JGOFS data management software), the U.S. JGOFS and U.S. GLOBEC Georges Bank offices released a new version of the JGOFS Data Management System, version 1.5, in 2001.  The currently version is V1.73 released in 2004.  It can be noted that the JGOFS/GLOBEC data management system is also used by several other projects, including FleetLink (UNH/WHOI), Martha’s Vineyard Coastal Observatory (WHOI), Northeast Consortium (UNH), Census of Marine Zooplankton (University of Connecticut), and in Norway.

The data management office leaders, (P. Wiebe and R. Groman) have both been active in participating in national and international meetings designed to develop and advance data management capabilities in the ocean science community. P. Wiebe has been the co-chair of the ICES Study Group on Management of Integrated Data (SGMID), which has reviewed existing central databases at ICES and distributed databases within the ICES community, as well as data policies and experiences with the setup of integrated databases. He was also on the ICES ad-hoc Bureau Working Group on the Data Development Project (BWGDDP).   R. Groman is a governing board member and Woods Hole Oceanographic Institution’s representative to the Gulf of Maine Ocean Data Partnership (GoMODP), a group working on facilitating data interoperability among its partners.  He is also a co-representative from GoMODP to the Advisory Committee for the Regional Association for the Gulf of Maine.  R. Groman participated in the National Virtual Oceanographic Data System (NVODS) September 2003 workshop (Groman, 2003a).  In addition, he gave a presentation (Groman, et al. 2005) at the Open Geospatial Consortium (OGC) Technical Committee Meeting – Natural Resources and Environment Working Group, January 18, 2005, United Nations, New York.  We are hopeful that the collaboration with the OGC will foster the interoperability between the JGOFS/GLOBEC data management system and other systems by the use of OGC’s Web Mapping Service (WMS) and Web Feature Service (WFS) protocols.

Publications and Presentations are given by project in the Reference Section below.
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The U.S. JGOFS Data Management Office (DMO) produced an extensive, multi-level hierarchical database that is web accessible at: http://usjgofs.whoi.edu/jg/dir/jgofs/. The DMO concentrated on three important activities: finishing the data ingestion from the JGOFS field programs, creating a set of merged data products to make retrospective analysis of the combination of individual cruises more tractable, and providing Synthesis and Modeling Program (SMP) data products on the web using "Live Access Server" (LAS) in a joint effort with the University of Washington and NOAA PMEL.


The final statistics for the four process field  studies and the percent completion for each study is as follows:

U.S. JGOFS Process Study


Percent Complete

======================================

North Atlantic Bloom Experiment


100

Equatorial Pacific






  99

Arabian Sea







  98

Southern Ocean






  96


Currently the U.S. JGOFS DMO data server is serving approximately 13 GB of data (process study data and SMP results) over the World Wide Web. 


The DMO published volume 1, version 2 of the final U.S. JGOFS CD-ROM data report in April 2003.  A copy of the CD-ROM was given to each registered participant at the final open science conference, convened May 5-8, 2003, in Washington, D.C.  A copy of the CD-ROM was also mailed to each U.S. JGOFS principal investigator as well as every registered member of the International Association of Marine Science Libraries and Information Centers (IAMSLIC). The DMO published all of the SMP data and model results on a CD-ROM and two DVD disks to complete the final data report.  Volume 2, version 1 of the U.S. JGOFS final data report, "Synthesis and Modeling Project Results, part 1", was published on CD-ROM in June 2004.  A copy of the CD-ROM was given to each registered participant at the July 2004 U.S. JGOFS SMP PI Workshop, in Woods Hole, MA.  Volume 3, "SMP Results, part 2", and volume 4, "SMP Results, part 3", were published on DVD-ROM in November and December 2005 respectively.  All volumes of the final data report provide multi-platform data access through either the native file management system or a web browser client.   The complete four volume multi-media set is available for free and can be requested via internet form from the U.S. JGOFS web site, http://usjgofs.whoi.edu/publications/FinalDataRpt.html.

Accomplishments

The U.S. JGOFS data management office has accomplished the following tasks:

!
Final collection and quality control of all outstanding data sets spanning the entire period of U.S. JGOFS 1989-1998. The post-cruise analysis nature of many of the data collected as part of JGOFS required the DMO staff to follow the progress of the data for extended periods during the four basin-scale process studies.

!
Creation of merged data products for each of the basin-scale process studies. All data from a common sampling device from each process study cruise was combined according to a set of rules formulated to ensure its integrity.  The entire database was reprocessed prior to merging to ensure unique parameter names reflecting sampling methodology and units of measurement.

!
Customization of the Live Access Server (LAS) to meet the needs of U.S. JGOFS Synthesis and Modeling Program (SMP) data. It was necessary to develop additional tools for accessing the data during the synthesis and modeling phase (SMP) of the U.S. JGOFS project.  The office collaborated with the Live Access Server (LAS) software development team at Pacific Marine Environmental Laboratory (PMEL) at University of Washington to customize LAS to meet the needs of U.S. JGOFS Synthesis and Modeling Program (SMP) data.

!
Preparation of the U.S. JGOFS field data for achive at the National Oceanographic Data Center. 

!
Worked in closed collaboration with the LAS software developers in Seattle, WA to create a new version of LAS that did not require gridded data. This development made it possible for LAS to serve field-oriented station data in a manner comparable to model results from the Synthesis and Modeling Project. 

!
Preparation of the U.S. JGOFS database for publication on CD-ROM or DVD-ROM. The project comprised several components: 1) extraction of data from the database, 2)  preparation of extracted data files, 3) development of custom application to access CD-ROM information, 4) testing to ensure multi-platform compatibility and 5) final quality review of the CD-ROM prior to mass production and distribution.  

!
Collaborated with the U.S. GLOBEC DMO as needed to ensure continued synergy between U.S. JGOFS and U.S. GLOBEC programs (see above under GLOBEC results).

!
Made many presentations to U.S. JGOFS investigators at national meetings, steering committee meetings and synthesis and modeling meetings. This activity was an important link to the continuing education of scientists about the importance of quality data management and what was required of them in the field.

!
Numerous system administration tasks to maintain the U.S. JGOFS database and the the attendant software, in particular the many public domain software packages that LAS depends upon.

Publications from this work are given by project in the Reference Section below.
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This project sought to address some of the most pressing coordination and data management issues for the U.S. ocean carbon research community. The effort was an interim measure in anticipation of the formation of Ocean Carbon Biogeochemistry (OCB) Project and Data Management Offices in the Fall of 2006. Our focus was on three linked activities comprising data management, scientific workshops, and education and outreach.

Data Management: We pursued a phased data management approach to incorporate and improve access to ocean biogeochemical data from five recently completed or ongoing mid-sized field programs (CARIACO, EDDIES, MedFlux, SOFeX, and VERTIGO). We have, to date, completed the incorporation of core data (e.g., CTD, hydrographic and nutrient bottle data, etc.) and metadata (e.g., data inventory, event logs) from each of the targeted programs into a U.S. JGOFS like, online relational database (http://ocb.whoi.edu/jg/dir); we are currently adding other data as it becomes available from the PIs of the original projects. As part of the data management effort, we are maintaining the JGOFS data collection (process study data and synthesis and modeling results are available online at http://usjgofs.whoi.edu/jg/dir), we published the final two volumes of the multi-volume final data report on DVD-ROM (http://usjgofs.whoi.edu/publications/FinalDataRpt.html)), and we also wrote a paper describing the lessons learned on data management from the U.S. JGOFS program (Glover et al., 2006). 

Science Workshop (Summer, 2005): As part of the new Ocean Carbon and Climate Change (OCCC) program (Doney et al., 2004), (sponsored by the multi-agency U.S. Global Change Research Program’s Carbon Cycle Science Program), we hosted a science workshop called The Ocean Carbon System: Recent Advances and Future Opportunities in summer 2005 at the Woods Hole Oceanographic Institution, Woods Hole, Mass. The objectives of the workshop were to highlight recent scientific findings in ocean carbon science, foster improved communication among existing ocean carbon observing programs and process studies, and discuss applications of emerging observational technologies in marine biogeochemistry. More than 100 scientists participated in the four-day meeting, which was supported by the U.S. National Science Foundation (NSF). Electronic versions of many of the plenary talks are available through the workshop Web page (http://www.whoi.edu/sites/OCCC_workshop). Several scientific themes emerged from workshop talks and posters, including new findings on biogeochemical cycling across the air-sea interface, in coastal margins, in the subtropical upper ocean, in the Southern Ocean, and in the mesopelagic “twilight” zone (the waters between about 100-1000 meters depth);  the quantification of the oceanic uptake of anthropogenic carbon dioxide (CO2) and the resulting geochemical and ecological impacts due to ocean acidification; and the application of new technologies and methods to ocean biogeochemistry. A more detailed discussion on selection of these topics is highlighted in a recent EOS article (Doney and Glover, 2005).

Publications from this work are given by project in the Reference Section below.
1. Introduction
1.1 The vision

This proposal is in response to the marine scientific community’s requirement for a data management effort to easily disseminate, protect, and provide short term storage of marine biogeochemical and ecological data. Glover et al. (2006) predict, “As we look to the future of data collection and management, we envision a scenario wherein users will expect more of everything: greater bandwidth, larger data collections, and better access to these larger data collections both in terms of speed and granularity.” This expectation is a logical outgrowth of improved database management that began with increased data volume brought about by the large, global scale expeditionary research projects starting with the IGY in 1957. Fortunately today, and in the days and years to come, we have new technologies to service such expectations.


Many of the required data management features are already in place thanks to the efforts of the U.S. JGOFS and U.S. GLOBEC data management office efforts. In fact, current activities are beginning the process of turning “lessons learned” (Glover, et al., 2006) into implemented best practices. During the course of this proposed work the ongoing activities of these offices will be merged seamlessly into an office that will ensure near-term archiving, quality control, metadata collection, and preparation for long-term archiving. It is logical that the next step would combine these efforts into a smoothly operating Ecology and Biogeochemistry marine Data Management Office (EBDMO). This proposal provides an outline for such a combination and a plan for future technological improvements to future data collection efforts (Figure 1). 


Any future data management system must be interoperable with other data management efforts at multiple scales of operation. Users will have data discovery interests that will span many funding agency constituent responsibilities. From large-scale, global programs such as CLIVAR/WOCE and GEOTRACES or space-based remotely sensed data held by NASA and NOAA to Oceans and Human Health Initiatives such as HABs, biogeochemical and ecological ocean data must be readily available. This reasoning scales down to medium sized programs such as EDDIES, VERTIGO, and  MedFlux, all the way to individual PI research projects. In addition, on-going time series sites, such as BATS and HOT, must also be interoperable with any future data management effort for biogeochemical and ecological data. This data management effort does not exist in a vacuum and the interactions with other data operations, both domestic and international, will have enormous effect on how well the systems exchange machine-to-machine (M2M) information and how easily data are discovered by users.


Our goal with this proposed work will be to provide users with the tools and systems necessary to work with marine biogeochemical and ecological data from heterogeneous sources with increased efficacy. We have learned that metadata are tantamount to robust data management operations and we will ensure that a methodology is in place for its collection and subsequent quality assurance and control. Additionally, education of community members via outreach seminars at national meetings and the publication of a primer will help to ensure that all necessary metadata are collected. We will provide a data portal that will give access to marine biogeochemical and ecological data and will also provide a pathway for discovery of related data as well as the M2M interoperability required to allow the sharing of these data. In addition to a pathway to other data we can also help to ensure a path to future data systems by being ever mindful that good data management is an evolutionary process, not only in terms of technology, but also in terms of existing and emerging standards for metadata and vocabularies. We will adopt a philosophy of data stewardship, collaborating with investigators to ensure comprehensive data management from proposal to preservation. 

1.2 Overview of proposal contents

In this proposal we provide the plans for beginning to merge the two data management offices (former-JGOFS and GLOBEC), establishment of web services for data discovery, and development of a machine-to-machine application programming interface (API) to allow interoperability between data systems on the web. In the course of working on these tasks we will be also be educating investigators to the needs of robust data management through outreach and publications regarding metadata requirements. This proposal is structured as follows: 1) there is a description of the on-going activities of the U.S. GLOBEC and nascent OCB data management initiatives, and a discussion of how current and future chemical and biological oceanography projects (regardless of scale) can be integrated into this effort. 2) There is a description of our plans for addressing interoperability and data discovery issues. 3) Next there is a section dealing with the topic of quality data management, particularly our plans to educate the biogeochemical and ecological marine community with respect to their responsibilities to achieve quality data management. We will also discuss our relationship with other data management efforts in this country and abroad in the next section. 4) A schedule is provided for the merger between the former U.S. JGOFS and the current U.S. GLOBEC data management offices. Finally we discuss the significance and expected impact of this work upon the marine community and direction work beyond the scope of this proposal is likely to take.

2. Support for ongoing GLOBEC and OCB programs

2.1 Proposed activities in support of the U.S. GLOBEC Research and Synthesis initiatives.

The central tasks of the merged data management office in support of the U.S. GLOBEC Program as manifested in the three modules (Northwest Atlantic/Georges Bank, Northeast Pacific, and Southern Ocean) will continue to be:

!
Track data sets from the initial data gathering through final submission

!
Accept “submission'' of data (object name and inventory information or data set in a format which the office can handle)

!
Work with scientific investigators on quality control and assurance 

!
Ensure data are documented

!
Maintain inventory and global directory

!
Create and submit metadata Directory Interchange Format (DIF) records for new data sets

!
Provide information on proper procedures for submitting data

!
Disseminate information on U.S. GLOBEC data sets-- additions, changes

!
Ensure final submission to data centers 

!
Facilitate international exchange

!
Develop new software tools and enhancements to methods and the data management system.


We will continue work with the U.S. GLOBEC Science Steering Committee and to assist the three modules of the U.S. GLOBEC Program with their data management needs as they complete their field and data processing efforts and continue their data synthesis efforts.  We anticipate supporting the publication of refereed papers from many of the U.S. GLOBEC supported investigators.  We will also publicize reports, papers, and presentations on our web site whenever such publications are available.  In addition, we plan to prepare and distribute several CD-ROM and/or DVD data sets to insure widespread distribution of the data collected during the U.S. GLOBEC project, especially during the last year of the proposal.


During the course of the U.S. GLOBEC Program, the data management office has also served as the Program Service Office for the Northwest Atlantic Georges Bank Program module. In this capacity, we will continue to support their yearly scientific investigator workshops to carry out the very essential collaborative activities of exchange of ideas, and integration and synthesis of the data.  These workshops are viewed as absolutely necessary to enable the program to achieve its goals and objectives. 

2.2 Proposed activities in support of the OCB initiative.


Currently there are ongoing activities started under a one-year, interim, nascent OCB/OCCC data management initiative. The main goal of this initiative was to provide U.S. JGOFS-like data management support to five volunteer, medium-scale biogeochemistry projects. The ultimate product would have been a linked, web-accessible database served by the same database engine that currently serves the U.S. JGOFS data collection. At the same time this data management effort would be gathering invaluable information as to how data management offices need to interact with smaller scale projects in the near future. Related to this effort were plans to further improve the user interface through infrastructure development that fosters more rapid and intuitive data discovery on the web. Development of an API to promote data discovery and long term usage of data was identified as a key need during this one year effort. The following activities are an outgrowth of the commitment to those five medium-scale projects and improvements to the over all data management system that will benefit all future biogeochemical and ecological research efforts.


The nascent OCB/OCCC data management initiative has a commitment to unify data from several existing and ongoing biogeochemistry research projects (VERTIGO, SOFeX, MedFlux, EDDIES, and CARIACO) in an U.S. JGOFS-like database. The timeliness of the data availability of many of these medium-sized programs has been slower than we originally projected in our initial proposal. We will continue to meet this obligation of our initial proposal, the unified web-based database for these five projects, by extending our work effort into the first year of this proposed work. This additional time will also allow us to provide coordination for events that are scheduled after the final date of this initial effort. 


These five projects are excellent examples of medium-scale marine biogeochemical research projects whose data need a “home”. The main task of this effort will be to complete the U.S. JGOFS-based web accessible database (http://ocb.whoi.edu/data_collection.html) demonstrating one possible mechanism for small to medium-scale research projects to submit their data to a data management office that serves the needs of all biogeochemical and ecological research projects big and small.  The OCB/OCCC data management initiative will continue to serve the data management needs of the five initial projects as follows:

!
Work with lead project PIs to complete data inventory in online database.

!
Provide information on proper procedures for contributing data.

!
Ensure data are documented with sufficient metadata information.

!
Ingest data into the relational database for dissemination via the Web.

!
Facilitate exchange with other projects and data systems.

!
Ensure final submission to data centers for permanent archive. 

!
Develop new software tools and enhancements to methods and the data management system.

2.3 Joint efforts to enhance data access

The US JGOFS, GLOBEC, and OCB data management offices are using the JGOFS Distributed Database Management System (http://usjgofs.whoi.edu/datasys/jgdb_docs/jgsys.html) to provide access to their respective data collections. The merged office will continue to assist in the development of new software specifications; the flow of information products and related programs into the system; the local data maintenance, with special attention to the scientific users and data sources represented; and supporting related data management efforts, both nationally and internationally. We will continue to enhance the analysis tools available via the Web.  Because all three data systems use the same database engine, it will be relatively easy to incorporate new tools described in the sections below, into each of the systems as needed.  The system architecture will continue to have a modular design for maximum extensibility and use Cascading Style Sheets (CSS) to support easy customization of the Web-based user interface design as required by each project and future projects yet to be identified.


Additional emphasis and resources will be placed on encouraging, supporting, and facilitating the continued analysis and synthesis of the data made available through the data management system.  As more data are processed and made available online via our Web-based data management system, opportunities for comparing data sets will increase.  As further described below, we propose to facilitate this by:

!
Enhancing the ability to bring together multiple data objects at a time;

!
Providing alternative 2-dimensional plotting capabilities for multiple data objects;

!
Providing new 3-dimensional plotting capabilities for multiple data objects; and

!
Adding additional search and inventory options to facilitate locating online data of interest as well as making our data sets more accessible to others.


A main focus of this system will be the formation of a distributed interoperable data system that will facilitate trans-disciplinary synthesis projects.  Such a data system requires complete and accurate metadata records and therefore improvement of metadata capture (from acquisition to final reporting) will be an important aspect of this project.

2.3.1 Standards-based system:  Over the years of service to our respective projects we have established data management protocols we follow to ensure the highest quality final data collection.  In essence we have our own standards that must be met before data sets are added to the database.  However, our desire to develop a system that supports a high level of interoperability with other data systems will necessitate the adoption of national and preferably internationally recognized standards especially for metadata.

2.3.2 Develop XML-based data discovery infrastructure:  Easy to use, intuitive, and rapid data discovery tools are sorely needed by scientists who need improved tools that match the pace and trans-disciplinary nature of modern scientific innovation. We will improve the current data system interface by developing infrastructure that facilitates data discovery. This task entails the reformatting and restructuring of the metadata to provide more rapid and intuitive data finding routines.  Restructuring the metadata is a critical component of our plans to develop a more user-friendly interface to the data system.  Both projects have already started research into the reorganization of metadata records into XML-based files.

2.3.3 Enhance Web-based tools:  As the amount of data collected increases and as data sets are added to the online data management system, there is increasing need for more and better Web-based display and analysis tools.  Researchers can currently download data of interest (both their own and any other data set maintained in the system) to their local computers for detailed analysis, synthesis, and display.  There is increased need for reviewing data to see if they are relevant, or of potential interest and further study.  We propose enhancing the retrieval, analysis, and display tools available through the Web to aid the researcher in deciding what data are available, where data are located, and what the data fields look like, via two-dimensional and three-dimensional images.  


Currently, investigators accessing our online systems (see http://globec.whoi.edu/, http://usjgofs.whoi.edu/jg/dir/jgofs/, and http://ocb.whoi.edu/jg/dir/OCB/) can perform the following data retrieval, data manipulation and display functions:

!
Select a data object (e.g. CTD, meteorology) by scanning the hierarchical directory listing of available data objects (data sets) and click on this Web link.

!
Search the online inventory for a specific cruise and select a specific data set from within the cruise.  Certain data sets are available from the inventory directly by using a pre-written search script. For example, it is possible to get a list of cruise reports available online as well as a list of cruise reports available on paper from a Web page (see http://globec.whoi.edu/globecdir/cruisereports.html). This Web page invokes a script that builds the Web display from information contained in the inventory.  That way the Web display is always up to date with the inventory.  It is also possible to get a list of cruises and the corresponding chief scientist names extracted from the inventory.

!
Make and download an ASCII listing of the data in tabular forms, with and without headers.

!
Make and download an ASCII comma-separated values list, with identifying comments.

!
Make and download a Matlab®, binary formatted, file containing column vectors for each selected field name, including vectors containing text strings such as species names.

!
Sub-select digital information by values, e.g. show me all data with depth greater than 100 meters.

!
Selecting (also called projecting) only parameters of interest, e.g. show me only latitude, longitude, temperature, and wind speed, but not ship’s speed and direction.

!
Combine two data sets (the join operation in database terminology) using a common field name as the key, such as event-log number.

!
Select any two digital field values (e.g. pressure and salinity) and generate a basic X-Y plot.  The plotting program computes the maximum and minimum values so that the data file define the plotting area.

!
Create new field names, via mathematical formulas, based on field names within a data object, e.g. rho=28.5-0.2*temp+0.7*(sal-35).

!
Create an X-Y plot using any two digital field values, with control over the X- and Y- axes maximum and minimum values, and axis labels.

!
Create a basic map in one of several projections (e.g. Mercator, Lambert, equiplanar, etc.) and several magnification factors (from whole earth to small regional size).

!
Development has already begun on a MapServer interface to the U.S. GLOBEC data holdings.  This map-based interface is a point a click window into the data holdings.


These features form a useful and necessary basis for enabling researchers to view and share their results with other members of the program.  However, as the amount and diversity of data available for analysis and synthesis increases, researchers are seeing a need for several additional tools and capabilities.  We propose to address this need, by adding and/or enhancing the retrieval and display capabilities in several ways, including:

!
Enhance data selection operations by displaying available data sets as clickable points on Web page geographical map, and allow selection of one or more data sets to be selected.  We will be building on our MapServer interface to enable this capability.

!
We also want to create a Web based objective mapping option (based on EasyKrig, a 2D/3D griddng software package, see below) so that a researcher could see a “quick and dirty” objectively mapped display.  This capability has to be used with extreme caution because of the inherent problems of generating artifacts in the resulting data set.  Once data are objectively mapped, they can be imported to an analysis and display tool like Matlab or to a 3D viewing program like GeoZui3D for further investigation.

!
Enhance data retrieval capabilities by expanding the data inventory retrieval options to include retrieval from multiple projects and save the query results for future use. 

!
Provide two-dimensional and three-dimensional display capabilities to enable researchers to easily view two or more data sets at the same time.  For example, it would be useful to be able to view the temperature fields at different water depths from the month of March, over five field seasons.  Then once this is done, add the biological counts at different depths from the same five field seasons.  The goal is to offer the investigator a simple “quick look” at the data to see if the data warrants further study.  To accomplish this goal, we will need to create tools that can pull together different data sets from within the system in a meaningful way, and tools that can display these results on the Web.

!
Continue our efforts (some funded by other projects) to make the data stored by our JGOFS/GLOBEC data management system accessible to other data management systems and data portals.  To enhance this interoperability, we are converting our online, human readable metadata information into XML-based, computer readable files.  Once these XML files are prepared, it will also allow us to prepare dynamic keyword lists that will be searchable by search engines, such as Google, in order to foster more wide spread access to our data holdings.   The effort to provide a MapServer interface to our data includes the effort to use Open Geospatial Consortium standards, such as Web Mapping Service and Web Feature Service, to provide alternate access to our data holdings.  Finally, we will continue to develop a dynamic interface (DiGiR emulator) from the Ocean Biogeographic Information System (OBIS) into the JGOFS/GLOBEC data management system so that the OBIS portal can directly access and query our online biological data.

!
Continue to pursue links to other display and mapping tools, such as R. Schiltzer’s Ocean Data View (http://odv.awi-bremerhaven.de/home.html ).

2.3.4 Analysis and Display Applications:  EasyKrig, a Matlab based, kriging tool written by Dezhang Chu for the U.S. GLOBEC data management office is available for download from ftp://globec.whoi.edu/pub/software/kriging/easy_krig to objectively map data and create gridded data from experimental measurements.  We will continue to enhance this tool, keeping it current with the newest releases of the Matlab software distribution.


The GeoZui3D program is a highly interactive, PC Windows-based, 3D visualization system that supports a number of different research projects in the Center for Coastal and Ocean Mapping at the University of New Hampshire (UNH). It is a Zooming User Interface - hence 'Zui'. It is geo-referenced - hence GeoZui. It emphasizes interactive 3D solutions - hence GeoZui3D.  This public domain program is available from UNH at http://www.ccom.unh.edu/vislab/GeoZui3D.html.  We are developing tools to enable easier preparation of data, extracted from the U.S. GLOBEC data management system, for use within the GeoZui3D program.  A preliminary version of such a tool, called EZGZ (pronounced Easy-Geezy), has been used by several U.S. GLOBEC investigators to help us improve its user interface and add the necessary features.

2.3.5 Develop JGOFS/GLOBEC data management system API supporting machine-to-machine interoperability:  In addition to the semantic interface the data discovery software tools represent, improvements to the machine-to-machine interface are also required to enable effective data discovery. We will accomplish this by developing an application programming interface (API) to the JGOFS/GLOBEC data management system. This requirement grew out of the realization that the lofty goals set out in the NSF Cyberinfrastructure report (Atkins et al., 2003) can only be achieved if the machine infrastructure upon which the data web rests is interoperable.

3.  Integration of funded Chemistry and Biological Oceanography projects into system.

One of the main objectives of this proposed work is to provide a venue for funded investigators in the Ocean Science Chemical and Biological Oceanography sections to submit their electronic data/metadata and other information for open distribution both during the course of their research and once they have completed it. According to the NSF Grant Policy Manual (document #nsf05131 section 734 Dissemination and Sharing of Research Results) “investigators are expected to share with other researchers, at no more than incremental cost and within a reasonable time, the primary data, samples, physical collections and other supporting materials created or gathered in the course of work under NSF grants.” The EBDMO will provide a cost effective method for this to happen. 


As indicated below in section 4.2, significant effort will be expended to provide newly funded researchers with guidelines to expedite the process of getting data online and served via the data management system as well as getting their data online. Safe guards will be available to make sure that data submitted to the EBDMO will not be released for open distribution until the investigator has given permission or a time-limit set by NSF or the program the investigator is participating in has elapsed. 

4. Quality Data Management.

New methodologies for data collection are generating vastly greater volumes of data.  Automated data collection, processing, and analysis techniques have enormous implications for management of data. Reduction of sample processing time is being reduced from years to near real-time for some types of data.  The expectation will be that data should be available to project collaborators in near real-time as well.  As we work to deliver final quality data as quickly as possible, we must continue to maintain a strong philosophy of data stewardship wherein data quality issues are of paramount importance.

4.1 Better metadata through collaboration. 

One area in which there is much room for improvement is the capture of metadata.  In this context, metadata includes geospatial (e.g. latitude, longitude, pressure), temporal (e.g. date and time), provenance (investigator and technician names and affiliations), sampling platform, and sampling and analysis methodologies.  All of these pieces of information are essential for long-term, trans-disciplinary use of data.  We will work with PIs and participants in other initiatives (DIGARCH funded projects, Detrick et al., 2005 and Helly et al., 2005) to establish standard protocols for capturing metadata at the time of acquisition. 

4.2 Outreach and education activities.

We have learned that data management is based on a relationship of trust developed over time between researchers and data managers.  For the foreseeable future, data management will still involve interactions between people regardless of progress made regarding automated data handling.  We plan to continue participation in regularly scheduled national and international meetings (e.g. AGU, AGU/ASLO/TOS Ocean Science, OCEANS, etc.) as an effective way to establish and foster collaborative relationships with participating scientists.  We will also continue using science conferences as opportunities to communicate results of ongoing activities especially dissemination of knowledge gained concerning data management best practices (see examples of publications and presentations in that section below).


Cyndy Chandler and Bob Groman are both active participants in QARTOD, a group of data mangers, technicians and scientists collaborating to address quality assurance and quality control issues of the Integrated Ocean Observing System (IOOS) and the broader international community. Since 2003, Cyndy has been participating in annual meetings with the Ocean Informatics group at Scripps Institution of Oceanography (http://oceaninformatics.ucsd.edu/) and started working with the Marine Metadata Interoperability project (MMI http://marinemetadata.org/) beginning with the Metadata Workshop in August, 2005 (Graybeal et al., 2006).


An important part of this project will be the publication of tutorial and best practice guidelines developed in collaboration with participating researchers to help them streamline and improve the data reporting process, particularly with respect to metadata. 

5. Relationship to other data management initiatives. 

A report describing oceanographic collaboratories (NRC, 1993), states that: “capabilities that support electronic collaboration and improve access to data would do much to ameliorate some of the problems that impede the conduct of ocean science and would yield benefits realized in and beyond the oceanographic community.” Furthermore, “among such aids to collaboration are tools that can more effectively link members of the small, diverse oceanographic research community, both within and across the subdisciplines, that can provide more timely access to data collected at sea, and that can display and analyze information in ways that allow closer interaction between modelers and field experimentalists.”  The system described in this proposal represents a component of a larger collaboratory supporting oceanographic research.


In an effort to facilitate collaborative research, we will work to develop interoperable solutions to support efficient data exchange between the systems listed below as well as identified.  This is entirely consistent with the distributed nature of the JGOFS/GLOBEC data management system which enables (actually encourages) data contributors to serve their own data, remotely, from their own computing platforms.  This ensures that the data served are the most up to date and the most accurate.  Data contributors can ask the EBDMO to serve their data on the central data server if this proves easier.


The DOE funded CDIAC Ocean CO2 database at Oak Ridge National Laboratory is a valuable resource for oceanic carbon dioxide data (http://cdiac.ornl.gov/oceans/home.html).

The CLIVAR and Carbon Hydrographic Data Office (CCHDO) (http://cchdo.ucsd.edu) formerly known as the WHPO during the active years of the WOCE project, will continue to manage and serve high quality hydrographic data from the WOCE and CLIVAR projects.  The growing CCHDO data collection will represent many of the same basins from which we will be managing biogeochemistry and ecological data


Other national programs or data centers that we will pay close attention to are GEOTRACES (an international study of the global marine biogeochemical cycles of trace elements and their isotopes), 

NASA’s Distributed Active Archive Centers (especially the Goddard Space Flight Center DAAC and the Jet Propulsion Laboratory DAAC), and the Harmful Algal Bloom Program, and the Oceans and human health Program. 


Internationally there are a number of data management initiatives.  One that has particular significance to this project is SeaDataNet (http://www.seadatanet.org/).  This is an EU-funded project to develop a pan-European marine data management infrastructure that brings together 49 major institutes and marine data centers from 35 countries bordering the Baltic, the Black Sea, the Mediterranean, and the North-East Atlantic, including international organizations, including ICES and IOC/IODE. SeaDataNet’s goals are to manage the wide variety and large volumes of data collected by the various observing systems, both in situ and remotely sensed, to serve the many user needs, and to do this as a virtual data center with infrastructure that is being developed to combine and enhance the existing infrastructures of the participating countries.  Their implementation of common protocols for data formatting and checking for quality, and development and maintenance of common directories, and their adoption and implementation of data communication standards and interfacing software tools will be closely followed. 

6. Schedule for merging JGOFS/OCB and GLOBEC data management offices.

The management and operation of a data management office is an evolutionary process. While it is impossible to predict what new technological developments will come along (see Table 1 in Glover et al., 2006), the staff is always mindful of those changes and how they may be exploited for the benefit of DMO users. We have a plan to merge the two operations (JGOFS and GLOBEC) into a seamless data portal for biogeochemical and ecological marine data.

6.1. Year 1:  (1 Oct 2006 – 30 Sep 2007): 


In the initial year of operation the activities of the separate data management offices will continue to meet their current obligations to U.S. GLOBEC and the five medium-scale field projects (EDDIES, VERTIGO,  MedFlux, CARIACO, and  SOFeX). At the same time, and in close collaboration with each other, the data management administrators will begin development of an XML-based interface to aid in the data discovery process.  In addition to other data management administrators, we will also be collaborating with DOE, NASA and NOAA data management administrators to provide access to their data end-products from our system (see examples in Section 5). Also in this year weekly or bi-weekly meetings will be organized and attended by the co-PIs, administrators, and other data management personnel either in person or virtually. 

6.2. Year 2: (1 Oct 2007 – 30 Sep 2008): 

During this year the medium-scale field programs project will be completed and writing will begin on a lessons learned document. This publication will be an important stepping stone for data management offices to go from individual-scale research projects to medium- or large-scale field programs. This publication will also serve as the basis for the investigator educational outreach effort the data management office will be undertaking. An educational outreach effort will begin this year at the AGU Ocean Sciences meeting in Orlando, FL (Mar 2008). The U.S. GLOBEC synthesis and modeling activities will continue to be supported although the distinction between JGOFS, GLOBEC, VERTIGO, etc. will become less important for finding and using data. The XML-based data portal test phase will begin supported by improved APIs between the database engine and visualization software. 

6.3. Year 3: (1 Oct 2008 – 30 Sep 2009): 

In the third year all activities of multi-scale, ecological and biogeochemical research will be served from the Ecology and Biogeochemistry Data Management Office using the previously tested and improved XML-based data discovery, web services, and API protocols. Educational outreach programs will continue at national meetings (e.g. AGU Fall meeting), at workshops, and on an individual basis.  As our effort matures we would also be available to support the data management needs of the Ocean Carbon Biogeochemistry project (Doney et al., 2004) when required. 

6.4. Future years: 


Once the data are served from the same data portal the merger of the two offices will be essentially complete. However, this will be an incremental process and the merger of the two offices will continue in the years beyond this proposed effort. With time few will remember that there used to be separate JGOFS and GLOBEC offices.

7. Significance of Proposed Research.

The US JGOFS, GLOBEC, and OCB data management offices are providing quasi-synoptic and wholly integrated biological sampling and physical data collections from a number of ocean sites.  Multiple snapshots of appropriate spatial resolution and extent are allowing evaluation of temporal variation and seasonal dynamics.  These programs have a need for, and offer the opportunity to develop and test, a comprehensive data and information management system that can accommodate the challenges associated with the current state-of-the-art in oceanographic research.  Data and observations are being derived from net samples, electronic measuring systems (e.g., CTD, fluorometer), current meters, optical imaging systems, a variety of acoustic systems, satellite remote sensing, and models of circulation and of ecological and biogeochemical processes.  Measurements are from ships with relatively wide spatial coverage, moored time-series measurements at selected sites, and increasingly from remotely operated or autonomous vehicles.  The opportunity and the challenge is to make the integration of these coordinated, simultaneous, and diverse data sets yield a deeper understanding of the workings of ocean ecological and biogeochemical systems than any single approach used alone. 

The significance of the interdisciplinary programs such as U.S. JGOFS and U.S. GLOBEC is to herald a new, and even more complex, type of oceanographic research. As the analysis of ocean processes in any field becomes more and more sophisticated, multi-disciplinary integration will also grow more complex. The data management offices and the software system currently utilized are providing opportunities to focus some of the newest technology available on complex ocean problems, thus leading to new understanding of the ecological, biogeochemical, and physical phenomena that determine ocean ecosystem functioning.  The merger of the US JGOFS, GLOBEC, and OCB data management offices into a single office together with the data management system now employed will provide a fundamental infrastructure component for data and information exchange without which the NSF goal of wide-spread dissemination and sharing of research results cannot be met.
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Figure 1. A schematic diagram of the data set and programs that currently utilize the JGOFS/GLOBEC software to serve data and information via the world wide web. The program/modules colored blue, green, and purple have data served by either the U.S. JGOFS or U.S. GLOBEC data management office. These data sources will continue to be served by the merged office.  The software is also being used to serve data produced by program/modules colored orange (the Census of Marine Zooplankton, the Northeast Consortium, the Martha’s Vineyard Coastal Observatory, and the UNH Coastal Ocean Observing Center module FLEETLINK). New data sources will be drawn principally from NSF’s division of Ocean sciences chemical and biological oceanography sections.  Many of the required Task Teams already exist for collaboration on topics related to data management.


