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[bookmark: _Toc284590277]Impact
This document outlines a model that is intended to be primarily backwards compatible with the existing NASA service metadata implementations. It will impact service providers from NASA DAACs, NOAA, CMR client developers (both private and commercial), metadata catalog developers, and users.
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The contents of this document are not protected by copyright in the United States.

[bookmark: _Toc284590279]Abstract
This document describes the Service Metadata Model to be used by the NASA Earth Science community and takes into account the SERF standard currently in use. Service providers should use this model as a guide during metadata generation; and catalogs built to search and discover Earth Science services provided by NASA should reference this model when implementing search and discovery. 
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[bookmark: _Toc284590282][bookmark: _GoBack]Introduction
EOSDIS generates, archives, and distributes colossal amounts of Earth Science data, which in turn is made available to the science community and the public at large. To aid in the search and discovery process, this data must be organized and cataloged, which makes accurate, complete, and consistent metadata a requirement for efficient accessibility.  To improve the quality and consistency among its metadata holdings, EOSDIS has developed a model encompassing various metadata concepts that it archives and maintains. This model will document vital elements that may be represented across various metadata standards and unify them through core elements useful for discovery. This unified model, aptly named the Unified Metadata Model (UMM), has been developed as part of the EOSDIS Metadata Architecture Studies (MAS I and II) conducted between 2012 and 2013. The UMM will be used by the Common Metadata Repository (CMR) and will drive search and retrieval of metadata cataloged within that system.

This document describes a UMM reference model concept referred to as the UMM-S, where 'S' stands for services. The UMM-S attempts to map the SERF[footnoteRef:1] metadata model and breaks down services into elements closely aligned and directly mappable to ISO 19115-2[footnoteRef:2],[footnoteRef:3] Geographic Information Metadata schema.  Furthermore, it provides a description, analysis, set of associated tags, specifies any conflicts that were identified by the unification process, and concludes with applicable recommendations.   Since UMM-S is part of the UMM, there are common elements that are shared across the different UMM models and have already been documented.  When this is the case, the mappings that differ will be documented followed by a description of where the element has already been documented. [1:  http://gcmd.nasa.gov/add/serfguide/index.html, http://gcmd.nasa.gov/Aboutus/xml/serf/serf.xsd]  [2:  http://www.iso.org/iso/catalogue_detail.htm?csnumber=39229]  [3:  https://cdn.earthdata.nasa.gov/iso/] 


If one wishes to better understand the document concept, one can look at the ToolMatch[footnoteRef:4] project, or the GCMD service/tools implementation[footnoteRef:5]. [4:  http://wiki.esipfed.org/index.php/ToolMatch]  [5:  http://gsfc.nasa.gov] 


This mapping is expected to evolve to support automated service invocation in the future.

[bookmark: _Toc284590283]Motivation
The motivation for UMM-S is to provide a model for CMR that contains services very similar to GCMD, where users can search for services.  In addition to that, the CMR services model can be tied into the other CMR metadata models through similar attributes and it has the opportunity to be enhanced as the other CMR models get enhanced.  

[bookmark: _Toc284590284]Feedback
Questions, comments and recommendations on the contents of this document should be directed to support@earthdata.nasa.gov

[bookmark: _Toc284590285]Metadata Concept Relationships and Related Documentation
Any service instance described by the UMM-S may have relationships to other metadata instances.  In addition, as shown in Figure 1, each service may have associated services and may even include a parent service that can serve as a discovery mechanism for closely related services and products. Furthermore, each service has a single instance of a "meta-metadata", which has its own model, the UMM-M. The meta-metadata model provides information about the metadata to which it is associated. Meta-metadata includes fields such as metadata quality assurance information, associated tags[footnoteRef:6], and metadata revision history.  Finally, all UMM models and the CMR Lifecycle are documented separately.  The CMR Lifecycle will govern this model and related documentation and facilitate change. [6:  http://en.wikipedia.org/wiki/Tag_%28metadata%29] 


[image: ]
[bookmark: _Toc284590467]Figure 1: UMM Relationships[footnoteRef:7] [7:  UML class diagram basics: http://en.wikipedia.org/wiki/Class_diagram] 


[bookmark: _Toc284590286]Document Conventions

Each section of this document describes an element of the model and includes the following components:

· Element Name: Specifies the element name.
· Element Specification: Provides the sub elements, cardinality of the sub elements, and any other major factors that make up the element.
· Description: Provides background information on the purpose of the element and its intended use. 
Furthermore, any information about the element's current usage, recommendations for usage, or unresolved issues is also documented here.
· Mapping: Gives an XPath[footnoteRef:8] mapping for this element in SERF and ISO 19115-2 XML representations. This can be seen as the "crosswalk" for this element.  [8:  XPath is a language for addressing parts of an XML document, designed for use with XSLT. For more information: http://www.w3.org/TR/xpath/] 

· Cardinality: Indicates the expectation of counts for this element, summarized in Table 1:
	Value
	Description

	1
	Exactly one of this element is required

	0..1
	Optionally, one of this element may be present

	0..*
	Optionally, many of this element may be present

	1..*
	At least one of this element is required, many may be present




Table 1: Cardinality

· Tags: Provides related keywords associated with each element. Tags have specific valid values, which are listed and defined in Appendix B: Tags Glossary.
· Analysis: Provides information pertaining to legacy systems and if data is controlled with in those systems.
· Examples: XML snippets from "cross-walked" data formats documenting sample values for the element. Whenever possible, a URL to the specific service used for the metadata snippet is provided. ISO 19115-2 snippets were manually generated using the SERF data and the ISO 19115-2 schema.  A couple of examples were taken from collections that would have the same ISO 19115-2 representation.  The representations were developed using version 1.27 of the file ECHOtoISO.xsl. Current versions of this transformation can be found at https://cdn.earthdata.nasa.gov/iso/resources/transforms/
· Recommendations: Provides any future recommendations for the element.

Unified Modeling Language (UML) class diagrams and element lists are provided for each subcomponent of the model. The [R] after an element name indicates that the element is required.

Some elements are marked via tags as 'Required (with Option)'. These elements are similar to the xml scheme <choice>[footnoteRef:9] element: one of the options is required, but there is a choice as to which option is utilized. For more information about the various tags used throughout this document, refer to Appendix B: Tags Glossary.  [9:  http://www.w3schools.com/schema/el_choice.asp] 


As described in the Introduction section, there is a UMM common document that contains common elements and their details.  While this document will refer to those elements and its details, this document takes precedence.  Any elements and their details described in this document override the details found in the common document.

[bookmark: _Toc284590287]Metadata Conceptual Model
The service metadata conceptual model shown in Figure 2 is a high-level model that has been broken down into four main sections, with each of these sections describing a different aspect of the service. Each of these aspects is described in more detail in the subsequent sections of this ​document. 


[image: ] 
[bookmark: _Toc284590468]Figure 2: Overall Service Model

[bookmark: _Toc284590288]Metadata Information
The Metadata Information group contains information about the service metadata, not about the service itself, and it is shown in detail in Figure 3.  It contains four elements described below. 
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[bookmark: _Toc284590469]Figure 3: Metadata Information


[bookmark: _Toc284590289]Metadata Language
The metadata language details can be found in the UMM common document.

Tags
Controlled Vocabulary, Faceted, Recommended

[bookmark: _Toc284590290]Metadata Standard [R]
The metadata standard details can be found in the UMM common document.  This element is required for UMM-S.

Tags
Required, Controlled Vocabulary, Faceted
 
Analysis
The UMM common document analysis applies with the following addition. Metadata Standard Name and Metadata Standard Version are required in the SERF.  When using the GCMD authoring tools, the value of "CEOS IDN SERF" is used for the name and the current version number is used for the version.

 
[bookmark: _Toc284590291]Metadata Revision Dates [R]
The metadata revision dates details can be found in the UMM common document.  This element is required for UMM-S.

Tags
Required


[bookmark: _Toc284590292]Metadata Revision History
The metadata revision history details can be found in the UMM common document. 
 
Tags
Keyword Search, Recommended.


[bookmark: _Toc284590293]Service Identification
The Service Identification group contains elements that describe a service. These elements are shown in Figure 4 and are described below.
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[bookmark: _Toc284590470]Figure 4: Data Identification

[bookmark: _Toc284590294]Entry ID [R]
The Entry ID details can be found in the UMM common document.  This element is required for UMM-S. 

Tags
Required, Keyword Search, Parameter Search
 

[bookmark: _Toc284590295]Entry Title [R]
The Entry Title details can be found in the UMM common document.  This element is required for UMM-S. 

Tags
Required, Keyword Search, Parameter Search
 

[bookmark: _Toc284590296] Abstract [R]
The Abstract details can be found in the UMM common document.  This element is required for UMM-S. 

Tags
Required, Keyword Search, Markdown Support
 

[bookmark: _Toc284590297]Purpose
The Purpose details can be found in the UMM common document.  

Tags
Keyword Search, Highly Recommended, Markdown Support


[bookmark: _Toc284590298]Service Language
The Service Language details can be found in the UMM common document under the Language name.  

Tags
Controlled Vocabulary, Faceted, Recommended


[bookmark: _Toc284590299]Revision Dates [R]
The Revision Dates details can be found in the UMM common document.  This element is required for UMM-S. 

Tags
Recommended

 
[bookmark: _Toc284590300]Responsible Party [R]
The Responsible Party details can be found in the UMM common document.  This element is required for UMM-S. 

Tags
Required, Keyword Search, Parameter Search, Controlled Vocabulary

[bookmark: _Toc284590301]Related URL [R]
The Related URL details can be found in the UMM common document.  This element is required for UMM-S. 

Tags
Required, Link


[bookmark: _Toc284590302]Service Citation
The Service Citation details can be found in the UMM common document using the Citation element.

Tags
Highly Recommended
 

Quality
The Quality details can be found in the UMM common document.  

Tags
Normalize, Highly Recommended, Markdown Support


[bookmark: _Toc284590303]Use Constraints
The Use Constraints details can be found in the UMM common document.  

Tags
Highly Recommended, Markdown Support
 

[bookmark: _Toc284590304]Access Constraints
The Access Contraints details can be found in the UMM common document. 

Tags
Highly Recommended, Markdown Suppport
 
 
[bookmark: _Toc284590305]Publication Reference
The Publication Reference details can be found in the UMM common document. 
 
Tags
Keyword Search, Recommended


[bookmark: _Toc284590306]Descriptive Keywords
Descriptive Keywords is part of Service Identification in that the elements describe the service.  They are a sub section because these elements all hold keywords as apposed to other types of data.  The keyword elements are shown in Figure 5 and are described below.  
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[bookmark: _Toc284590471]Figure 5: Descriptive Keywords


[bookmark: _Toc284590307]ISO Topic Category
The ISO Topic Category details can be found in the UMM common document. 
 
Tags
Recommended

 
[bookmark: _Toc284590308]Science Keywords [R]
The Science Keywords details can be found in the UMM common document.  This element is required for UMM-S. 

Tags
Required, Controlled Vocabulary, Keyword Search, Parameter Search, Faceted, Validated
 

[bookmark: _Toc284590309]Service Keywords [R]
Element Specification
ServiceKeywords/ServiceCategory   (1)
ServiceKeywords/ServiceTopic   (1)
ServiceKeywords/ServiceTerm   (1)
ServiceKeywords/ServiceSpecificName   (0..1)
 
Description
Enables the specification of science service keywords for the services, tools, and/or resources being described.
 
Mapping
	SERF
	/SERF/Service_Parameters

	ISO 19115-2
	/gmi:MI_Metadata/gmd:identificationInfo/gmd:MD_DataIdentification/gmd:descriptiveKeywords/gmd:MD_Keywords/gmd:keyword/gco:CharacterString
with
/gmi:MI_Metadata/gmd:identificationInfo/gmd:MD_DataIdentification/gmd:descriptiveKeywords/gmd:MD_Keywords/gmd:keyword/gmd:type/MD_KeywordTypeCode[@codeListValue="????"]



Cardinality
1..*
 
Tags
Required, Controlled Vocabulary, Keyword Search, Parameter Search, Faceted, Validated
 
Analysis
The keywords are controlled.
 
Examples
SERF
	<Service_Parameters uuid="1a2f59f6-76f3-4c57-b70b-de350708426f">
   <Service_Category>EARTH SCIENCE SERVICES</Service_Category>
   <Service_Topic>EDUCATION/OUTREACH</Service_Topic>
   <Service_Term>CURRICULUM SUPPORT</Service_Term>
   <Service_Specific_Name>BACKGROUND INFORMATION</Service_Specific_Name>
</Service_Parameters>



ISO 19115-2
	<gmd:descriptiveKeywords>
   <gmd:MD_Keywords>
      <gmd:keyword>
         <gco:CharacterString>EARTH SCIENCE SERVICES&gt;EDUCATION/OUTREACH&gt;CURRICULUM SUPPORT&gt;BACKGROUND INFORMATION</gco:CharacterString>
      </gmd:keyword>
      ...
   </gmd:MD_Keywords>
</gmd:descriptiveKeywords>



Source Data Information:
SERF - http://gcmd.gsfc.nasa.gov/mws/serf/NASA_3D_VIEW
ISO 19115-2 - Snippet manually generated from schema and SERF
 
Recommendations
Service keywords should be adopting the currently controlled and vetted GCMD Science Keyword Vocabulary - so all keywords are controlled within the CMR.  It is recommended that this element be part of the UMM and its value be selected from a controlled list of keywords, which are managed by the Keyword Management System (KMS).

 
[bookmark: _Toc284590310]Ancillary Keywords
The Ancillary Keywords details can be found in the UMM common document.  
 
Tags
Keyword Search, Recommended
 

[bookmark: _Toc284590311]Additional Attributes
The Responsible Party details can be found in the UMM common document. 

Tags
Keyword Search, Parameter Search, Highly Recommended


[bookmark: _Toc284590312]Metadata Associations

[image: ]
[bookmark: _Toc284590472]Figure 6: Metadata Associations
The Metadata Associations sub group is part of the Service Identification group.  It is split from the main group because these elements describe relationships with other metadata instances, such as collections and parameters. These elements are shown in Figure 6 and are described below.


[bookmark: _Toc284590313]Parent Association
The Parent Association details can be found in the UMM common document.  
 
Tags
Validated, Recommended


[bookmark: _Toc284590314]Metadata Association
The Metadata Association details can be found in the UMM common document.
 
Tags
Controlled Vocabulary, Validated, Recommended
 
Analysis
In addition to the UMM common document analysis the following applies:

In SERF the metadata associations is not directly mappable.  One has to read the Related_URL/Content_Type for a string equaling “GET RELATED DATA SET METADATA (DIF)” and get the URL from the Related_URL/URL element.  Then access that element to get the information.
 

[bookmark: _Toc284590315]Distribution Information
Distribution Information describes how the service can be accessed and its element is shown in Figure 7.

[image: ]
[bookmark: _Toc284590473]Figure 7: Distribution Information


[bookmark: _Toc284590316]Distribution
The Distribution details can be found in the UMM common document.
 
Tags
Recommended, Normalize
 

[bookmark: _Toc284590317]Acquisition Information

[image: ]
[bookmark: _Toc284590474]Figure 8: Acquisition Information
The Acquisition Information contains information on how, when, and where the data was collected that the service acts upon.  It is useful for example, when a user can search for a service that processes data collected by an instrument or sensor.  The elements are shown in Figure 8 and are described below.


[bookmark: _Toc284590318]Platform
The Platform details can be found in the UMM common document.

Tags
Highly Recommended, Controlled Vocabulary, Keyword Search, Parameter Search, Faceted
 

[bookmark: _Toc284590319]Instrument
The Instrument details can be found in the UMM common document.

Tags
Controlled Vocabulary, Keyword Search, Parameter Search, Faceted
 

[bookmark: _Toc284590320]Project/Campaign/Mission
The Project/Campaign/Mission details can be found in the UMM common document.
 
Tags
Controlled Vocabulary, Keyword Search, Parameter Search, Faceted, Highly Recommended
 




[bookmark: _Toc284590321]Appendix A: Deprecated Elements
None

[bookmark: _Toc284590322]Appendix B: Tags Glossary

	Tag Name
	Description

	Required
	This element is required.

	Required (with option)
	This element is required but can be implemented in several ways. For example, a Responsible Party is required, but may be represented by either an organization or a person.

	Controlled Vocabulary
	This element will have a vocabulary, which will be used to validate the value. This will most likely be done via a vocabulary management service.

	Keyword Search
	This element will be indexed by the CMR as part of the free text keyword search.

	Parameter Search
	This element will be indexed by the CMR and will be exposed via the CMR API as a specific parameter. For example, the CMR will expose a "platform" search parameter, so the "Platform" element will have this tag. This is not to be confused with parameters (or variables) that are part of a collection’s science data.

	Faceted
	This element should be exposed by the CMR catalog via a faceted search response.

	Normalize
	Existing metadata for these fields are uncontrolled, but should be brought under a controlled vocabulary or simple enumeration via a normalization process. For example, the product level is uncontrolled, so a Level 1 product may be identified as "Level 1", "L1" or simply "1". This is a good candidate for normalization.

	Link
	This element contains a URL that is used to link to external resources

	Recommended
	This element is recommended

	Highly Recommended
	This element is highly recommended

	Markdown Support
	This element supports markdown-formatted text. Additional information on markdown can be found at 
http://en.wikipedia.org/wiki/Markdown 




[bookmark: _Toc284590323]Appendix C: Tag Index

[bookmark: _Toc284590324]Required
The following 8 elements are required
	Metadata Standard

	Metadata Revision Dates

	Entry ID

	Entry Title

	Abstract

	Related URL

	Science Keywords

	Service Keywords



Required (with option) 
The following element is required but can be implemented in several ways. For example, a service must have a responsible party, but this may be represented via either an organization or person. 
	Responsible Party



[bookmark: _Toc284590325]Controlled Vocabulary
The following 11 elements will have a vocabulary, which will be used to validate the value. This will most likely be done via a vocabulary management service. 
	Language

	Metadata Standard

	Responsible Party

	Science Keywords

	Service Keywords

	Metadata Association

	Platform

	Instrument

	Project/Campaign/Mission

	Distribution/Format

	Distribution/Media



[bookmark: _Toc284590326]Keyword Search
These 13 elements will be indexed by the CMR as part of the free text keyword search. 
	Entry ID

	Entry Title

	Abstract

	Purpose

	Responsible Party

	Publication Reference

	Science Keywords

	Service Keywords

	Ancillary Keywords

	Additional Attributes

	Platform

	Instrument

	Project/Campaign/Mission



[bookmark: _Toc284590327]Parameter Search
These 9 elements will be indexed by the CMR and will be exposed via the CMR API and a specific parameter. For example, the CMR will expose a "platform" search parameter, so the "Platform" element will have this tag. 
	Entry ID

	Entry Title

	Responsible Party

	Science Keywords

	Service Keywords

	Additional Attributes

	Platform

	Instrument

	Project/Campaign/Mission



[bookmark: _Toc284590328]Faceted
These 7 elements should be exposed by the CMR catalog via a faceted search response. 
	Language

	Metadata Standard

	Science Keywords

	Service Keywords

	Platform

	Instrument

	Project/Campaign/Mission


[bookmark: _Toc284590329]Normalize
The values contained in these 3 elements should be normalized (via enumerations or controlled vocabulary). 
	Quality

	Distribution



[bookmark: _Toc284590330]Link
This one element consists of a URL that is used to link to external resources.
	Related URL



[bookmark: _Toc284590331]Recommended
The following 8 elements are recommended. 
	Metadata Language

	Service Language

	Revision Dates

	Publication Reference

	ISO Topic Category

	Ancillary Keywords

	Parent Association

	Metadata Association



[bookmark: _Toc284590332]Highly Recommended
The following 9 elements are recommended. 
	Purpose

	Service Citation

	Quality

	Use Constraints

	Access Constraints

	Distribution

	Additional Attributes

	Platform

	Entry Version


[bookmark: _Toc284590333]Markdown Support
These 5 elements support markdown-formatted text. Additional information on markdown can be found at http://en.wikipedia.org/wiki/Markdown. 
	Abstract

	Purpose

	Quality

	Use Constraints

	Access Constraints/Description





[bookmark: _Toc284590334]Appendix D: Abbreviations and Acronyms
ACL – Access Control List
CMR – Common Metadata Repository
DAAC - Distributed Active Archive Center
DOI – Digital Object Identifier
ECHO - Earth Observing System (EOS) Clearing House
EOS - Earth Observing System
EOSDIS – Earth Observing System Data and Information System
ESDIS - Earth Science Data and Information System
GCMD – Global Change Master Directory
ISO - International Organization for Standardization
KMS - Keyword Management System
MAS - Metadata Architecture Studies
MENDS - Metadata Evolution for NASA Data Systems
NASA - National Aeronautics and Space Administration
NOAA - National Oceanic and Atmospheric Administration
SERF - Service Entry Resource Format
UML – Unified Modeling Language
UMM – Unified Metadata Mapping 
UMM-C – Unified Metadata Mapping– Collections
UMM-G - Unified Metadata Mapping – Granules
UMM-M – Unified Metadata Mapping – Metadata
UMM-P - Unified Metadata Mapping – Parameters
UMM-S - Unified Metadata Mapping – Services
UMM-V - Unified Metadata Mapping – Visualization
URI – Uniform Resource Identifier
URL – Uniform Resource Locator
URS - User Registration System
XML - Extensible Markup Language
XPath - XML Path Language
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