3.2.2.3
Data Transport – 

Data Transport is one of the key elements in the Data Management component of a Regional Coastal Ocean Observing System (RCOOS). Data Transport refers to transparent, interoperable access and delivery of data and data products over the internet. The Integrated Ocean Observing System (IOOS) Data Management and Communications (DMAC) Data Transport Expert team in its most recent guidance (http://dmac.ocean.us/dacsc/imp_plan.jsp) has identified network data access protocol (OPenDAP), formerly known as DODS, open GIS consortium web service and the use of Service Oriented Architectures (SOA).
3.2.2.3.1 Current State

The Southeast Atlantic Coastal Ocean Observing System (SEACOOS) data providers in the SECOORA region in conjunction with the SEACOOS Data Management Coordinating Committee (DMCC) decided to implement OPenDAP NetCDF transport protocol, consistent with the recommendation of IOOS DMAC Data Transport Steering Team.  Data providers established a DODS/OPenDAP server at each participating institution to serve their observation data using the NetCDF file format. NetCDF format  convention (http://seacoos.org/documents/metadata) and data dictionary (http://nautilus.baruch.sc.edu/twiki_dmcc/bin/view/Main/DataDictionary) that extends the NetCDF Climate and Forecast (CF) metadata convention (http://www.cgd.ucar.edu/cms/eaton/cf-metadata/index.html)  were established by SEACOOS to implement this transport protocol. The development of this transport method, format standard, and the data dictionary enabled smooth transport and aggregation of these files to a centralized server and relational database. This allowed creation of data products such as aggregation driven maps (GIS), time series graphics, and access to aggregated data and products. Expansion of the data sharing commons to a larger audience in the SECOORA region may necessitate the revisiting and extension of these standards although they have proven robust to date.
The aggregated database of observations from data providers within the SECOORA region has been XML (eXtensible Markup Language) and web service enabled, again consistent with the recommendation of IOOS DMAC Data Transport Team. Community accepted World Wide Web Consortium (W3C: www.w3.org) and Open GIS Consortium (OGC: www.opengeospatial.org) standards were used. The data providers data within the SECOORA region are presented in OGC specifications such as the Web Mapping Service (WMS) for allowing online access to maps and the Web Feature Service (WFS) for online access to geospatial data. The services can be accessed, controlled and presented by web browsers as well as other GIS software platforms (ESRI and GAIA applications). SEACOOS OGC compliant services rely on the Map Server CGI engine (http://mapserver.gis.umn.edu/). The coastal ocean observing projects that utilizes these services are: the OpenIOOS Interoperability Test-Bed Demonstration Project (http://www.openioos.org/), GoMOOS (http://www.gomoos.org), Carolinas Coast (http://www.carocoops.org/carolinas) and (http://gisdata.usgs.net/website/NC_OneMap)

NCOneMap.

3.2.2.3.2
Desired Future State

Regional and sub-regional coastal ocean observing systems within SECOORA region have tested/established/implemented the data transport technologies (OPenDAP and OpenGIS Consortium (OGC) Web Mapping Service (WMS)/Web Feature Service (WFS) recommended by IOOS DMAC. The possible data transports that will be utilized by SECOORA is a reflection of the anticipated community needs and uses of SECOORA data and the issues related to the complexity or volume of the transported data itself. One distinction in the choice of data representation and transport is in the sharing of data internal to SECOORA technical infrastructure or other similar partner infrastructures used towards system/data replication or redundancy.  Data passed between similar SECOORA type structures and services while not intended to be a general data or data transport protocol may develop into this as a secondary application. Data transport which is not used internally for system purposes, which *is* developed for public or community sharing of data will likely fall into one of two categories - data transport of report based file oriented data or data transport using query based web services.

Data Transport - Report/File Based
There are many advantages to report/file based data sharing.  A periodically generated file can provide just the necessary data in the needed format for further analysis using client/desktop tools.  A file can be generated once and downloaded multiple times, reducing the possible server workload involved in generating the same information.

Files can be shared via the web using common HTTP and FTP methods or encoded as part of other message protocols such as SOAP.

Possible file formats utilized by SECOORA would include (but not be limited to) the following:
	Data File Formats
	Brief Description

	ASCII and CSV (Comma Separated Value)
	

	XML (eXtensible Markup Language)
	XML is an improvement over ASCII only based formats in that XML provides a stronger more extensible syntax for document validation(XML Schemas), parsing(XPath) and existing toolsets for processing.  XML is also more 'readable' as a text/tag oriented format and can be compressed to help address storage/bandwidth related issues.



	GML (Geography Markup Language)
	GML is an XML standard which includes elements specific to geospatial processing.



	KML (Keyhole Markup Language)
	is an XML format used by Google to support display of data withing the 3D Globe application 'Google Earth' http://earth.google.com and possibly other developing 3D Globes similarly such as NASA's Worldwind or ESRI's ArcExplorer.



	RSS  (Really Simple Syndication)
	RSS is a 'push/publish' mechanism for supplying the latest information in an agreed community standard xml schema or using certain xml markup tags.  

GeoRSS http://www.georss.org is a variation on this which includes xml elements for geospatial location.  For SECOORA community ObsRSS http://nautilus.baruch.sc.edu/twiki_dmcc/bin/view/Main/ObsRSS which could be used for supplying platform-specific xml feeds of the latest data.



	ESRI shapefile 


	Shape File is a popular file format for traditional GIS based analysis using ESRI or other GIS tools capable of reading the shapefile format.

	Image Files (.png,.gif,.jpg)
	PNG files represent the highest lossless compression format for images and can be used for sharing remote sensing or other images for further image display, overlay or analysis needs.



	netCDF - 


	netCDF (Network Common Data Format) is a file format supported by Unidata which has several useful tools developed to allow further subsetting and analysis of the netCDF file such as ncBrowse http://www.epic.noaa.gov/java/ncBrowse .  SEACOOS has also developed a netCDF convention (http://seacoos.org/documents/metadata) for data aggregation and sharing.


The creation of these file based output products from raw data sources will be facilitated by two methods.  The first method for more high volume data flows (millions of records per hour in the case of model or gridded datasets) is the use of  existing tools or techniques for file based conversions from raw data to more useful or standardized formats.  The second method for lower dataflows(<100,000 records per hour for in-situ observations) is the use of a common relational database schema infrastructure labeled 'Xenia' (http://nautilus.baruch.sc.edu/twiki_dmcc/bin/view/Main/XeniaPackage) which will aim to provide a common relational database around which many popular file outputs and services can be automatically generated.

Query/Web Service Based
A query/web service based data transport will also rely on file formats and controlled vocabularies in its implementation similar to a report/file based system, but also applies standards to the request/response protocol so that queries and responses involving time, location, platform or observation are better defined and facilitated.

SECOORA has leveraged and will continue to follow and be involved in testbeds or usage which involve the OGC protocols such as WMS(Web Mapping Service) for sharing map images, WFS (Web Feature Service) for sharing data and more recently SOS (Sensor Observing System) for sharing platform and observation data.

SECOORA will also continue to provide OPeNDAP access to it's netCDF and relational database data via the corresponding supplied software.

Transport of SECOORA data and products will be available by HTTP request returning an XML document (referred to as REST) and other more complex protocols such as SOAP as needed.

The critical concern in the use of web service based request/response based protocols are the formats and controlled vocabularies of the services used.  The encoding of the message between systems is a secondary concern to whether the document terms (time, location, observation types and measurement values) can be mapped between systems.  In regards to metadata and data mapping, the SECOORA group will continue to follow and participate in metadata and data standards being developed within the community.

Also essential is the appropriate hardware for the system, at both centralized hubs and distributed data providers.  A basic hardware infrastructure is in place within SEACOOS, but this does not include provisions for redundancy and back-up. The prevalence of severe tropical cyclones in the SE, and their frequent disruption of communication and power systems for several days, is a hazard that needs to be taken into account in designing the SECOORA-RCOOS. An offsetting factor is that it would be very rare for a hurricane to disrupt power and communication systems throughout the entire region, especially simultaneously. Hence, there is a possibility of designing a resilient regional system.
Various federal (and state) agencies within the SECOORA region have important bathymetric/topographic, geological, benthic habitat, socio-economic, satellite imagery, etc. digital databases in the coastal zone suitable for GIS renditions, etc. All these agencies will have a present data transport protocols to transport their data holdings or will be involved in evaluating/implementing other IOOS recommended data transport protocols; e.g. NOAA-CSC (Data Transport Laboratory: http://www.csc.noaa.gov/DTL/) NDBC, NOAA-NOS (http://opendap.co-ops.nos.noaa.gov/content/index.php), NERRS, NCEP, NCDDC (http://www.ncddc.noaa.gov), NODC, NCDC, Exchange Network (http://www.exchangenetwork.net), Ocean Biological Information System (OBIS: http://www.iobis.org), USGS (? Web site of addresses of their web service) etc.  It is critical for SECOORA DMAC team to be engaged in communication/dialogue with these agencies to facilitate implementation of needed transport technologies to make SECOORA data interoperable. Substantial work is required to ensure interoperability among these systems and the various emerging RAs.  IOOS DMAC has provided guidance to facilitate interoperability, but development of coherent protocols, processes, and infrastructure is also required. 

It is essential to make sure funding is available for the existing Data Management personnel in the regional and sub-regional observing systems within the SECOORA region.  For example, SECOORA should have strong DMAC team and each participating institution should have minimum 2 staff members to help with supplying quality controlled data, maintaining technical infrastructure and communications and supplying some level of redundancy in communications and functionality between institutions(back-up sites).  The redundancy parts require that things be in a more complete, packaged and documented state (any development should be finished first) so finishing up some minimal efforts in quality-control and seacoos database/product redundancy is a prerequisite to that.  We also need to incorporate mechanisms for updating aggregated or redundant date if the data provider further qc's the data at a later date.

3.2.2.3.3
Gap Analysis

(1) Evaluation of Community needs, e.g. How does ocean modeling community needs data, Emergency Managers need data, USCG needs for data etc and creating dialog with them
(2) Participating in National Activities such as IOOS interoperability and dialogue with other neighboring Regional Association.

(3) Establishment of Quality Control and development QA/QC web services.

(4) Establish a pilot project within SECOORA region for interoperability demo of all data available within SECOORA region (academic, private, state, federal monitoring activities)
(5) Establishment of communication with IOOS DMAC.

(6) Interfacing MMI like programs in establishing standards.

(7) Participating with Google Earth (KML), World wind, Virtual Earth (MS?)
3.2.2.3.4
Activity Required to Close Gap

The activities required to close the gaps identified above are listed in the following table

	Item
	Activity Description
	Responsible Party
	Suspense Date
	Estimated Cost ($K)

	1
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	4
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Table 3.2.1.3 Proposed Data Transport Gap Closure Activities

