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Overview
EOSDIS has a long history of data generation, archival and distribution.  To catalog and describe all of this data, EOSDIS and its individual data centers manage repositories of metadata.  Metadata serves as the foundation for data discovery for all of EOSDIS.  EOSDIS’ reliance on metadata has grown as the system has matured.  However, coincident to an increased reliance on metadata have been some limitations.  These limitations are briefly summarized below:

1. Format Variations - As expected with a distributed system of data centers and differing science disciplines, natural variances exist in how metadata is structured, utilized, formatted across data products and throughout a product lifecycle.  Although these variances are naturally occurring within a complex system, they create barriers of entry for new users and may present consistent errors for regular users.  
2. Quality Variations – Just as format variations are naturally occurring, so are variations in metadata quality.  Metadata quality can be assessed in both its accuracy and also completeness.  Issues with accuracy may exist, however for discovery and data description the problem of completeness is far greater.  As metadata moves out of purely a facilitator of discovery and becomes integral to data processing, issues of metadata completeness are further exposed.
3. Interoperability – Not only is EOSDIS faced with issues regarding metadata consistency within its system, the need to interoperate with international data systems and other US Government agencies is becoming increasingly important to provide higher quality research.  Differences in metadata standards and quality now create a barrier to researchers.
4. Data Services – No longer is metadata used to describe the static data products archived and distributed.  Metadata is now also used to describe the services that are layered on top of the data.  These services provide a wide array of functionality.  As the frequency of services as increased, so has the need for descriptive metadata.
 
The purpose of this document is to provide describe the future of EOSDIS metadata.  The first section provides a vision statement to give a high-level view of the role of metadata in the future of EOSDIS.  The second section describes the relationship each EOSDIS system component has with metadata.  The third section provides an overview of responsibilities in the metadata lifecycle.


Vision Statement

EOSDIS metadata is maintained in a single metadata archive for both data products and data services.  Such a system presents EOSDIS as a unified system rather than a loose collection of disparate elements.  The following benefits of such a consolidated system are realized at all levels of the EOSDIS organization:

It simplifies metadata definition and development by the mission teams or service developers.  A single unified model means that metadata are defined once and according to a single model and format. The barrier of entry for mission teams and services providers into the EOSDIS system is simplified and reduced. 

It simplifies the submission of metadata by DAACs and other entities. DAACs no longer provide duplicate metadata to ECHO and GCMD via different mechanisms.  Populating metadata in a single archive reduces effort at the EOSDIS DAACs and eliminates inconsistency issues.   The enhanced metadata content management improves the DAACs ability to influence data and service providers.

It allows ESDIS to manage the evolution of NASA Earth Science metadata in a unified and consistent way.  The increased consistency reduces perceptions of disorganization within the NASA Earth Science Data Systems.  The opportunity for interoperability is increased through the utilization of internationally recognized standards-based formats.  Metadata conversion issues are alleviated with a single system and consistent metadata format, thus reducing the end-user burden.

It provides a centralized system-of-record that facilitates simple search and discovery of all EOSDIS data and services through end-user applications and programmatic interfaces.  DAACs and earth scientists leverage the centralized archive to develop community- and discipline-specific tools and services.   

It facilitates the development and application of metadata best practices.  EOSDIS science experts review metadata records for completeness and accuracy.   These experts identify and implement improvements in metadata definition and usage.  EOSDIS metadata consumers may request enhancements that improve metadata usage and quality within the EOSDIS community.

The unified metadata system is a core component of the EOSDIS architecture.  Its unification continues the EOSDIS focus on ensuring services, information structure and organization, and the technology that supports system components things all evolve together along a common path and according to a common vision.

OR in other words,
One Metadata System to rule them all,
One Metadata System to find them,
One Metadata System to bring them all and in cyberspace bind them.
EOSDIS System Components
This section describes each EOSDIS system component and its interaction with the unified metadata archive.

Centralized Metadata Repository (CMR) 
The Centralized Metadata Repository (CMR) catalogues all data and service metadata records for the EOSDIS system.  These metadata records are registered, modified, discovered, and accessed through programmatic interfaces leveraging standard protocols and APIs.

ECHO must provide efficient ingest mechanisms for EOSDIS Data Partners to share their metadata with ECHO.  ECHO should accurately represent the Data Partner’s metadata so that clients/portals will be able to make accurate searches and orders.  ECHO must be able to broker orders to multiple providers asynchronously therefore allowing clients/portals to create, validate and submit an order. ECHO must maintain APIs that provide ECHO account services, catalog services, order services, etc.  to the client community. ECHO must provide web-based client for discovering and ordering cross-discipline data from all of ECHO’s metadata holdings.  This client must allows users, including those without specific knowledge of the data, to search science data holdings, retrieve high-level descriptions of data sets and detailed descriptions of the data inventory, view browse images, and submit orders via ECHO to the appropriate data providers.	Comment by Matthew Cechini: Old ECHO Info

User Registration System (URS)
The EOSDIS User Registration System (URS) is a centralized user registration and authentication system that provides a single username and password for many EOSDIS resources. Capabilities are provided through Earthdata website and by APIs to approved projects. It is currently operationally in use by earthdata.nasa.gov, Reverb, Global Change Master Directory (GCMD) Doc Builder Tool and the Land and Atmosphere Near-real time Capability for EOS (LANCE). Additional components of EOSDIS are actively developing connections to the URS API, which will be deployed in the coming months.

The EOSDIS metadata archive interacts with the User Registration System for user authentication and profile management.  The URS does not rely on the EOSDIS metadata archive for any information.

Global Image Browse System (GIBS)
The Global Image Browse System (GIBS) is being developed to store full resolution browse imagery for a variety of products from EOSDIS. GIBS will be used with other EOSDIS tools to aid in the browse, search, and order and service invocation process enabling users to find and get data they want and need. 

GIBS will rely on the metadata system to store information on what parameters are available for display; the location of the GIBS service endpoints (e.g. servers/URLs); color tables and metadata describing the properties, characteristics and best uses of the browse images; and linkages (semantics) that link GIBS products with other products and with services. Ideally information in terms of web content, documentation and other information will also be discoverable based on the collections the GIBS information is retrieving.  

ESDIS Metric System (EMS)
The ESDIS Metric System currently stores unique metadata (i.e. different from GCMD and ECHO) from DAAC and other providers within in its database to map ingest, archive and distribution transactions to particular products and collections. With a standardized metadata repository in place, EMS will be able to query the metadata to preform transaction and product mappings. This will reduce the total number of interfaces required by DAACs and EMS and create consistent product mappings between search and order systems, DAACs, and EMS. This same concept extends to anticipated future development and cataloging of data services including GIBS and DAAC specific services.

EOSDIS Discovery Tools (Reverb, GCMD, Earth Data)
EOSDIS provides various methods for discovering data and services.  This includes Reverb, the Global Master Change Directory (GCMD), and the Earth Data website.  Future tools include Worldview and the GIBS service.  The goal of these tools is to provide worldwide easy access to quality Earth science data for quality Earth science research.  

As the EOSDIS reference clients, these applications rely on the EOSDIS metadata archive to perform discovery of data and service records.  The metadata archive’s programmatic interfaces are leveraged to provide a first class experience to Earth science users.
EOSDIS Data Centers & Distributed Active Archive Centers (DAACs) 
The EOSDIS Data Centers, also referred to as Distributed Active Archive Centers (DAACs), are custodians of EOS mission data and ensure that data will be easily accessible to users. Acting in concert, the data centers provide reliable, robust services to users whose needs may cross the traditional boundaries of specific science disciplines, while continuing to support the particular needs of users within the discipline communities. 

The Data Centers and DAACs provide metadata for their data and services into the EOSDIS metadata archive.  Resulting from the EOSDIS archive being the system-of-record for EOSDIS products and services, Data Centers and DAACs are to register metadata records as soon as products are available for end users.

Land and Atmosphere Near real-time Capability for EOS (LANCE) 
LANCE provides access to near real-time products from the MODIS, OMI, AIRS, and MLS instruments in less than 3 hours from observation. The data support applications users who are interested in monitoring and analyzing a wide variety of natural and man-made phenomena. LANCE freely provides access to 96 data products through FTP servers (registration required) and imagery from 40 products.

LANCE registers and removes metadata records in the EOSDIS metadata archive according to its real-time requirements.  This allows end users the ability to not only discover and use the archived products, but also the near real-time data records.  As LANCE is more fully integrated into the EOSDIS infrastructure, it will transition from a separate component to a near real-time feature of EOSDIS.  Successful transition requires that its products be made discoverable and available through the central metadata archive according to the LANCE time requirements. 



Roles & Responsibility
The unified metadata system recognizes a hierarchal relationship between data and metadata repositories - central (ESDIS, GCMD, ECHO and EMS), distributed discipline-specific (e.g., DAACs) and individual data providers (e.g., SIPS, SCFs and external sources). Each of these groups influences decisions about actual content and organization of metadata and data models at the other levels, both bottom-up from providers and scientists to top-down from ESDIS and DAACs.  

Within discipline areas, the DAACs have achieved a great deal of cooperation to enable and demonstrate discipline-wide interoperability services. To reach the next level of interoperability across the Earth science enterprise, ESDIS will further develop its data management role by extending metadata content guidance, metadata development and compliance tools. ESDIS will need to develop new guidance and tools for data providers to use in creating metadata imbedded with products.  

ESDIS will solidify the importance of governance processes in developing a consistent metadata repository and in developing metadata embedded in products.  Different metadata governance structures are also expected to address other content areas such as consistent geospatial and temporal metadata. Interfaces and the architecture of the metadata system will be designed to accommodate various governance roles of ESDIS, the DAACs and EOSDIS data providers, and also in context with other agency and international providers.

To accomplish these improved metadata generation, management, and governance processes; there must also be a synchronization of roles and responsibilities.  The boundaries between each role within this new structure may vary based on a specific scenario.  However, generalizations can be made regarding activities that must be performed and by whom they will be accomplished.  The following roles have been identified:

1. Product/Service Creators – The individuals who develop raw or higher-order data products for science research based on sensed information.  Also, the individuals develop and maintain data services made available to end-users.  
· E.g. – AMSR Science Team or Simple Subset Tool Development Team
2. Product/Service Custodians§ – The individuals who archive, distribute, maintain, and provide user services support for data products.  Also, the individuals who host and support the operation of a data service.
· E.g. – LPDAAC or Earthdata Team
3. Product/Service Stewards§ – The individuals whose focus is to optimize and facilitate discovery of data products and data services across the EOSDIS system.
· E.g. – ECHO and GCMD

§ - Read here for more regarding the differences of stewards and custodians.

Note that there may be specific groups or individuals that fit into more than one of the previous roles.  This, along with situational variation, is expected and allowed within the constructs of the new unified metadata structure.  Each of these roles plays an important part in the metadata lifecycle.  General responsibilities of each role are identified here as they pertain to the EOSDIS system:

1. Product/Service Creator – Supply core metadata needed to accurately represent the characteristics of the item conforming to the data custodian and/or data steward metadata requirements.  For data products, this includes the spatial, temporal, and additional variable measurements.  For services, this includes the utilized standards, runtime configurations, etc.	Comment by Matthew Cechini: Kevin’s initial text: They understand how data are created but may not have a good understanding of things that will make data widely searchable and interoperable.  

May use this elsewhere in the body, but am removing it from the list for now.
2. Product/Service Custodians – Extend the core metadata by interacting with the product/service creators to garner additional information that helps better explain the data or services, standardizes names and generally improves metadata with an eye toward improved discovery and interoperability amongst similar discipline and products (e.g. AMSR products). Custodians are responsible for archiving metadata products and maintaining historical version information.  Custodians are also responsible for translating metadata according to standards required by the product/service stewards.
3. Product/Service Stewards – Provide quality assurance on all product and service metadata records to ensure compliance with metadata format and completeness requirements and community best practices developed by the stewards.  Stewards are concerned with facilitating both intra-operability amongst EOSDIS product/service custodians, but also inter-operability amongst other international and domestic earth science agencies and standards.  Where appropriate§, product/service stewards extend metadata within the metadata archive to enhance product and service discovery, access, and metadata completeness.   Product/Service steward are also responsible for overseeing the development of additional metadata standards are supporting information (e.g. interdisciplinary keywords) as needed to improve product and service discovery and access.

4. Work with international/national metadata submitted to the system and preform similar duties as in #3 but with less control over metadata contents.

§ - Modification of metadata will be coordinated with the associated custodian to ensure that the related workflows are respected.  The EOSDIS stewards will have limited control over international or non-EOSDIS national metadata made available through the unified metadata system.



Additional Considerations

DOI
A new process is needed for establishing EOSDIS product identifiers that are unique and accessible at all levels of the hierarchy.  An existing effort is investigating the usage of Digital Object Identifiers.  The results of that effort will be incorporated into the unified metadata system at a future time.
Web Services (OGC, Custom, etc…)
The metadata system should be prepared for increasing numbers of web services that will interact directly with data at stored DAACs. Users should be able to preform searches on these services and the associated products that will be interoperable with them. The metadata repository should have a minimum set of commands stored within it to allow users or clients to get more detailed information from service endpoints. Currently services exist for ECHO, MODAPS, and at DAAs including OpenDAP and SSW, WebMRT, among others.  
Content and Documentation
EOSDIS applications, such as search, access and analysis, access a variety of dataset-related information in the course of their execution.  The information may be documents (e.g., user’s guides, algorithm theoretical basis documents), or even variable-level metadata.  This information is currently stored in a variety of locations and formats, leading to issues of preservation, currency and duplication.  The AESIR activity led by Chris Lynnes proposes to develop an information server for dataset documentation and metadata which will provide an archive for this information, a database for efficient serving and RESTful services to access the information.  

When appropriate, the functionality provided by AESIR may be incorporated into the unified metadata system. 
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