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ABSTRACT

The Biological and Chemical Oceanography Data Management Office (BCO-DMO) was created to serve investigators funded by the US National Science Foundation’s Biological and Chemical Oceanography Sections as a location where marine biogeochemical and ecological data and information developed in the course of scientific research can easily be disseminated, protected, and stored on short and intermediate time-frames. Our main objective is to support the scientific community through improved access to ocean science data. Interdisciplinary scientific research, which is fundamental to fishery and environmental assessments, is easier when related data and information are made readily accessible. The BCO-DMO web-based interface to data collected during many large and small oceanographic research programs, involving hundreds of scientific investigators, enhances the investigator’s ability to discover, access, visualize, and integrate these data. Through the Internet, web browsers allow access to hundreds, if not many thousands of datasets of potential use to a researcher. Yet these data are of little use without a precise definition of terms and sufficient information about how the data were collected and processed. Making this information, the metadata, available along with the data is essential in fostering data reuse and data interoperability. We have made significant progress in developing a web-based, non-proprietary solution to access, display, and retrieve oceanographic data and information. Our approach takes advantage of existing software, tools, and standards to ensure full data utilization for researchers, assessment managers, and the public. 

Introduction

The Biological and Chemical Oceanography Data Management Office (BCO-DMO) was created in late 2006 to serve investigators funded by the U.S. National Science Foundation’s Biological and Chemical Oceanography Sections as a location where oceanographic data, especially marine biogeochemical and ecological data, and information developed in the course of scientific research can easily be stored, protected and disseminated on short and intermediate time-frames. Our main objective is to support the scientific community through improved access to ocean science data.  This office grew out of the data management efforts of two separate science programs: the U.S. Joint Global Ocean Flux Study (US JGOFS) and the U.S. GLOBal ocean ECosystems dynamics (US GLOBEC) project.  These programs shared a common approach to data management and data sharing that supported their respective programs well by enabling their investigators easy and complete access to the data collected during their research.  Indeed, the data policy for the U.S. GLOBEC program states, in part, that the purpose of the data management effort “is to facilitate collaboration between scientists, the combination of multiple data sets for interdisciplinary and comparative studies, and the development and testing of new theories.”
  The guiding philosophy of the BCO-DMO is one of data stewardship.  We recognize that 

· Quality assurance of data is critical;

· Treatment of all information as data fosters data re-use;

· Data that lacks sufficient metadata has limited value beyond the research program for which it was collected; and

· Metadata should include sufficient information to support discovery, value assessment and accurate re-use of the data.

However, the initial approaches taken by the U.S. JGOFS and U.S. GLOBEC Data Management Offices (DMO) had to be expanded to accommodate the additional diversity of data and information anticipated by this new program.  

Data Serving versus Data Management

The data management tasks of the initial DMOs were somewhat simplified because each of their programs shared common goals and similar data sets, at least within each program.  Once these offices were combined, and had to accommodate data from other large and small ocean science programs, their individualized approaches needed to be broadened and enhanced.  Both programs used the JGOFS/GLOBEC data management software to serve their data on the web.
  This non-proprietary software, initially developed for the U.S. JGOFS program and then augmented over time by both programs, provides a simple, and relatively straightforward way to make ASCII data and images available on the web.  Access is through any standard web browser, such as Internet Explorer, Safari and Firefox.  It is a distributed data system which allows individual researchers to post their data on the web using a common methodology from their own computers, and yet people accessing these data need not know where the data are stored.  Also, adding new data and metadata are easy, especially since contributors were free to choose their own data field names and all metadata were stored in text files.  While both the U.S. JGOFS and U.S. GLOBEC programs provided their researchers with guidelines for adding new data, including recommendations from their parameter name thesauri, complete uniformity and interoperability could not be attained.  Consequently, when the BCO-DMO was formed, we recognized the strengths of the JGOFS/GLOBEC data management software in providing access to data but also recognized its limitations in fostering data discovery and interoperability.
Standards, Yes, But Which One(s)

We recognized and were aware of other efforts in the oceanographic data management area and tried to take advantage of other developments.  But we did have several false starts.  For example, we thought early on that we could use a relatively simple XML-based approach to store all the required metadata.  We searched for some time looking for encoding standards that would address our needs.  However, while several standards or proposed standards came close, nothing did everything we wanted.  Eventually we came to realize that we had to design our own relational database to store the metadata that we thought would be necessary.  An advantage of this approach is that a well designed metadata database should be able to provide most, if not all, of the attributes in any existing or proposed metadata standard.  This effort began about a year ago, with a goal to keep the database design as simple as possible, but designed well enough to meet our specific needs.  

It is interesting to see how the database design evolved over time, from initially containing about 13 tables to its current configuration of 23 tables.  Also, new columns were added to many of the 
tables as we began to populate and use the database.  During this evolution, when we presented our efforts on a poster during a science meeting, a data manager came by, looked at the schema and said something like “We’ve been working on a similar project.  Yours looks interesting, kind of like a metadata ‘lite’ version.”   We are unsure if this was meant as a complement or as an observation that our design was incomplete and insufficient.  In any case, we follow the concepts of keeping the design as simple as possible, step-wise (iterative) improvement (adding features and tables as they are needed), and taking full advantage of the ease of database modifications provided by modern relational database systems.   The current version of our metadata database schema is June 14, 2008 (see Figure 1.)

We also knew that to reach our data interoperability goals, we should again take advantage of existing and evolving standards.  Through our JGOFS/GLOBEC data management system we could already provide data as comma and tab separated ASCII files, Matlab binary files, and most recently as NetCDF formatted files.  Through our geospatial interface, we are also able to download data using Open Geospatial Consortium interface standards.  

Geospatial Interface and Data Visualization

The JGOFS/GLOBEC data management system provides a straightforward, tabular interface to data sets (see Figure 2.)  However, it does not provide the increasingly common (and expected) geospatial interface to geo-referenced data.  We chose the MapServer
 software to provide the geospatial interface to the data we manage.  This software has proven quite robust in its ability to display the data on the world’s oceans.  In addition to its geo-referenced display and plotting features, it features compatibility with the standards developed by the Open Geospatial Consortium
 including the Web Mapping Service and Web Feature Service web interface standards.  The software supports pan and zoom, overlaying of data displays from different sources on its geo-reference grid, and refocusing by “rubber-banding” a rectangular geographical area.  Access to data can be by cruise or platform name, investigator name,
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Figure 1: BCO-DMO metadata database schema.
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Figure 2: JGOFS/GLOBEC data management system tabular interface.

data type, or geographic area and is only limited by what information is available in the metadata database (see Figure 3.)
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Figure 3: MapServer interface to the JGOFS Southern Ocean project showing one cruise, NBP0202 selected and its associated data sets.

The JGOFS/GLOBEC data management system provides some basic plotting capabilities including simple X-Y plots (see Figures 4a, b, c, d.)   Our implementation of the MapServer software expands on this by also providing station plots and plots that display sample abundances, where the size of a circle is proportional to the abundance (see Figure 4e.)
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Figure 4a: Display of available CTD data sets for cruise NBP0202.
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Figure 4b: Selection box for X-Y plot.
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Figure 4c: CTD station locations for cruise NBP0202 in the Southern Ocean.
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Figure 4d: Plot of salinity versus pressure (depth) from cruise NBP0202, cast 24.
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Figure 4e: All stages of Euphausia superba abundance plot from the MOC1 instrument aboard cruise NBP0202.  Size of circle is proportional to the abundance.

Several Important Features Not Quite Ready

Implementation of our system is not complete, but we have reached important milestones.  Most of the data sets we manage, including data from CARIACO, CMarZ, CORSACS, EDDIES, FleetLink, MedFlux, MVCO, NEC, OCB Project Office, SCOR Iron Synthesis, SoFeX, U.S. GEOTRACES, U.S. GLOBEC, U.S. JGOFS, U.S. SOLAS (GasEx), and VERTIGO programs are accessible from our web site, www.bco-dmo.org, using metadata stored in the metadata database.  In addition to a list or tabular interface to the data provided through our web site and through the JGOGS/GLOBEC system, we also provide the geospatial interface using MapServer.  Initial versions of web forms to enable online searches for data have also been developed.  We note that it is an interesting exercise to develop a search form that is intuitive, simple, easy to use, complete yet not complicated, and works as the person expects.  We are able to meet several of these criteria although not yet all of them.

The goal of data interoperability is perhaps in sight, but not yet accomplished.  We have designed the means to provide data parameter interoperability within our metadata database (see the Parameters and Dataset_parameters tables in Figure 1) but this feature is not yet implemented.  The goal is to be able to make a plot of one or more parameters, say temperature, collected by several different investigators, on several different platforms, using several different instruments, with differences in units and collection and processing methodology.  These different measurements must be normalized so that a plot of these values can indeed be viewed together.  This is not a trivial task.
We also plan to enhance and improve the available visualization options.  As researchers are able to combine data from several different sources we envision the need to provide additional methods of viewing these data.  We recognize the complications involved in displaying irregularly spaced data, and at varying scales.  We have learned that it is best to let the people accessing and using the data provide guidance on features.  We intend to continue this approach.  We have implemented several program specific MapServer-based map interfaces and have a working version of the world map that shows all of the data that we manage.  We hope to have a working version of this map, together with the search function, available shortly
.

Another visualization option gaining popularity is Google Earth.  We have a working version of an interface to Google Earth that can display the data locations, but at this point in time we see it having limited use.  Perhaps as Google enhances its software, Google Earth will provide another useful visualization option.

Finally, we still need to implement a more comprehensive set of web services so that data portals and other data aggregators can fully utilize our interoperability features and gain access to the data via our system.
Conclusion
We have described the philosophy, design and current status of our data management system to enable discovery, access, interoperability, and visualization of ocean biogeochemical, physical and ecological measurements and values.  Web access is provided to extensive data collections in several different and evolving forms, including lists and geospatial views.  Data and their corresponding metadata can be downloaded in several different formats to enable full re-use of the data.  We have learned several lessons along the way and expect to learn more as we complete our system’s implementation.
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