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TopicsTopics

•• Metadata Metadata –– What is it?What is it?
•• Ecological Metadata LanguageEcological Metadata Language
•• LTER EML Best PracticesLTER EML Best Practices



What isWhat is
““MetadataMetadata””??

““higher level information that higher level information that 
describe the describe the contentcontent, , qualityquality, , 
structurestructure, and , and accessibilityaccessibility of of 
a specific data seta specific data set”” ––
Michener et al., 1997Michener et al., 1997

Information about dataInformation about data



A Simple ExampleA Simple Example

21.321.328.928.92004093020040930

4.24.229.729.72004092920040929

18.418.429.429.42004092820040928

Data



DateDate
(YYYYMMDD)(YYYYMMDD)

TempTemp
((°°C)C)

PrecipPrecip..
(mm)(mm)

Obs. #1Obs. #1

Obs. #2Obs. #2

Obs. #3Obs. #3

A Simple ExampleA Simple Example

21.321.328.928.92004093020040930

4.24.229.729.72004092920040929

18.418.429.429.42004092820040928

Metadata



Data from theData from the
UserUser’’s Perspectives Perspective

•• WhoWho
–– Who collected these data?Who collected these data?
–– Who is responsible for these data?Who is responsible for these data?
–– Who can access these data?Who can access these data?

•• WhatWhat
–– What relevant data exist?What relevant data exist?
–– What is the structure and organization of these data?What is the structure and organization of these data?

•• WhereWhere
–– Where were these data collected?Where were these data collected?

•• WhyWhy
–– Why were these data collected and are they suitable for a Why were these data collected and are they suitable for a 

particular use?particular use?
•• WhenWhen

–– When were these data collected?When were these data collected?



Data from theData from the
CollectorCollector’’s Perspectives Perspective

•• Data setData set
–– Title, abstract, researcher, ownershipTitle, abstract, researcher, ownership……

•• Research originResearch origin
–– Hypothesis for research, site, methodsHypothesis for research, site, methods……

•• Data set status and accessibilityData set status and accessibility
–– URL, URN, access rightsURL, URN, access rights……

•• Data structuralData structural
–– Storage type, data attributes, data typesStorage type, data attributes, data types……

•• SupplementalSupplemental
–– QA/QC, policies, otherQA/QC, policies, other……



The purposeThe purpose
of Metadata is of Metadata is ……

en·tro·py : a process of 
degradation or running down or 
a trend to disorder – Merriam-
Webster

…… to reduce to reduce ““information entropyinformation entropy””
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after Michener et al., 1997



Open MetadataOpen Metadata
StandardsStandards

•• Defines a common terminologyDefines a common terminology
•• Publicly available specifications for achieving a Publicly available specifications for achieving a 

specific taskspecific task
–– Supports a well defined structure Supports a well defined structure 
–– Promotes rich metadata Promotes rich metadata 

•• Allows for system Allows for system ““crosscross--walkswalks””; that is, mapping one ; that is, mapping one 
metadata standard to anothermetadata standard to another

•• Allows for automationAllows for automation
–– Entry and validationEntry and validation
–– Discovery and accessDiscovery and access
–– Integration and synthesisIntegration and synthesis

•• Ensures complete and rich data documentationEnsures complete and rich data documentation
•• Foundation for higherFoundation for higher--level knowledgelevel knowledge



BenefitsBenefits
of Standardizationof Standardization
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LTERLTER
Tiered TrajectoryTiered Trajectory

Usability

•Unstructured, 
machine-readable 
metadata and data
•Data use requires 
human 
intervention

•Structured, 
comprehensive 
metadata and data
•Data use does not 
require human 
intervention

•Complete 
validated EML
•Data analysis is 
integrated across 
the network

•Semi-automated 
knowledge 
extraction

Access

•Establish data 
access policy
•Data and 
metadata access 
requires human 
intervention

•Automated 
access to data
•Access to site 
data and metadata 
does not require 
human 
intervention

•Access-enabling 
metadata 
structured in EML
•Data access is 
integrated across 
the network

•Data access 
through a 
knowledge-based 
query process

Discovery

•Unstructured, 
online site catalog 
with minimal 
metadata
•Data discovery 
through manual 
searches

•Online, enhanced 
metadata with 
consistent internal 
structure
•Data discovery 
through machine 
search

•Discovery-
enabling metadata 
structured in EML
•Data discovery 
integrated across 
network

•Semantic-based 
discovery through 
machine-based 
searches

Tier 1 Tier 2 Tier 3 Future 
Outcome
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What is the EcologicalWhat is the Ecological
Metadata Language?Metadata Language?

EML is a metadata standardEML is a metadata standard……
•• Consists of four thematic modulesConsists of four thematic modules

–– DatasetDataset
–– CitationCitation
–– SoftwareSoftware
–– ProtocolProtocol

•• Defined by an XML SchemaDefined by an XML Schema
•• Supports a rich set of constructs to fully describe data, Supports a rich set of constructs to fully describe data, 

and much moreand much more……
•• Based on other metadata standards compatibilityBased on other metadata standards compatibility



ConversionConversion
Among StandardsAmong Standards

•• EML represents a superset of:EML represents a superset of:
–– FGDCFGDC
–– ISO 19115ISO 19115
–– Dublin CoreDublin Core
–– and othersand others……

•• Theoretically can convert from EML to other standardsTheoretically can convert from EML to other standards
–– Extensive overlap among all of these standardsExtensive overlap among all of these standards
–– Practically, have conversion script for:Practically, have conversion script for:

•• EML EML BDPBDP
–– Uses XSLT so can be used in a variety of software Uses XSLT so can be used in a variety of software 
–– Need to incorporate this into tools like Morpho and MetacatNeed to incorporate this into tools like Morpho and Metacat

•• Need other conversion scripts!Need other conversion scripts!

•• More difficult going from other standards to EMLMore difficult going from other standards to EML
–– Fine grained content not supported in othersFine grained content not supported in others

EML

FGDC ISO Dublin



AbridgedAbridged
History of EMLHistory of EML
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EML ModuleEML Module
OrganizationOrganization

Resource Content (common for all)Resource Content (common for all)

DatasetDataset CitationCitation SoftwareSoftware ProtocolProtocol
AdditionalAdditional
MetadataMetadata
(optional)(optional)

Ecological Metadata LanguageEcological Metadata Language



Resource ModuleResource Module

ResourceResource TitleTitle

CreatorCreator

PublicationPublication
DateDate

AbstractAbstract

KeywordKeyword
SetSet

DistributionDistribution

CoverageCoverage

GeographicGeographic

TemporalTemporal

TaxonomicTaxonomic



Dataset ModuleDataset Module

DatasetDataset ContactContact

MethodsMethods

ProjectProject

AccessAccess

Data TableData Table

SpatialSpatial
RasterRaster

SpatialSpatial
VectorVector

StoredStored
ProcedureProcedure

SQL ViewSQL View



Citation ModuleCitation Module

CitationCitation ArticleArticle

BookBook

ChapterChapter

EditedEdited
BookBook

ManuscriptManuscript

ReportReport

ThesisThesis

ConferenceConference
ProceedingsProceedings

PersonalPersonal
Comm.Comm.

MapMap

GenericGeneric

AudioAudio--
VisualVisual

PresentationPresentation



Software ModuleSoftware Module

SoftwareSoftware ImplementImplement--
ationation

DependencyDependency

VersionVersion

AccessAccess

ProjectProject

LicenseLicense

License URLLicense URL



Protocol ModuleProtocol Module

ProtocolProtocol ProceduralProcedural
StepStep

AccessAccess

DescriptionDescription

InstrumentInstrument

SoftwareSoftware

SubSub--stepstep



What is XML?What is XML?

•• eXtensibleeXtensible Markup LanguageMarkup Language
•• How is it hierarchical?How is it hierarchical?

–– Tree likeTree like
•• has a roothas a root
•• has inner leaves (inner nodes)has inner leaves (inner nodes)
•• has outer leaves (end or outer nodes)has outer leaves (end or outer nodes)

–– Parent/child relationshipParent/child relationship
–– Allows recursive nesting of nodesAllows recursive nesting of nodes
–– All nodes have a beginning and ending All nodes have a beginning and ending 

marker (marker (““tagtag””))



Example XMLExample XML
DocumentDocument

<?xml version=“1.0” standalone=“yes”>

<!-- This is an example bibliography. -->

<BIB>
<BOOK nickname=“Dragon book”>

<AUTHOR id=“aho”> Aho, A. V. </AUTHOR>
<AUTHOR id=“sethi”> Sethi, R. </AUTHOR>
<AUTHOR id=“ullman”> Ullman, J. D. </AUTHOR>
<TITLE>

Compilers: Principles, Techniques, and Tools
</TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>
</BIB>



Benefits of XMLBenefits of XML

•• Machine independentMachine independent
•• Can be read by many software applicationsCan be read by many software applications
•• Text based content (Text based content (asciiascii, UTF, UTF--8, ISO8, ISO……))
•• Schemas support syntax validationSchemas support syntax validation
•• Document object models support semantic Document object models support semantic 

validationvalidation
•• Structure can easily be modified using Structure can easily be modified using 

transformation applications (e.g., xml to html; transformation applications (e.g., xml to html; 
xml to text)xml to text)



A simpleA simple
EML exampleEML example

eml

packageId: sbclter.316.18

system: knb

dataset

title: Kelp Forest Community Dynamics: Benthic Fish

creator

individualName

contact

surName: Reed

surName: Evans

individualName



Can be createdCan be created
in a text editorin a text editor

<?xml version="1.0"?>

<eml:eml packageId="sbclter.316.18" system="knb"
xmlns:eml="eml://ecoinformatics.org/eml-2.0.1"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemaLocation="eml://ecoinformatics.org/eml-2.0.1 eml.xsd" >

<dataset>
<title>

Kelp Forest Community Dynamics: Benthic Fish
</title>
<creator>

<individualName>
<surName>Reed</surName>

</individualName>
</creator>
<contact>

<individualName>
<surName>Evans</surName>

</individualName>
</contact>

</dataset>

</eml:eml>



……or in customor in custom
applicationsapplications



……or in specialor in special
XML editorsXML editors



EML DevelopmentEML Development
& Communication& Communication

•• Open Source project,                                            Open Source project,                                            
welcomes contributionswelcomes contributions

•• Developed by members                 
of the community

                           Developed by members                                            
of the community

•• emleml--dev@ecoinformatics.orgdev@ecoinformatics.org
•• irc.ecoinformatics.orgirc.ecoinformatics.org, #, #emleml channel for discussionchannel for discussion
•• Source code managed in Source code managed in cvs.ecoinformatics.orgcvs.ecoinformatics.org
•• Documented specification found on the KNB websiteDocumented specification found on the KNB website
•• An EML validating service is available at:An EML validating service is available at:

http://http://knb.ecoinformatics.org/emlparserknb.ecoinformatics.org/emlparser

Pete Taylor photo



EML DistributionEML Distribution

•• Current release version emlCurrent release version eml--2.0.12.0.1
•• Downloadable at:Downloadable at:

http://http://knb.ecoinformatics.org/software/emlknb.ecoinformatics.org/software/eml

•• Development version available at:Development version available at:
http://http://cvs.ecoinformatics.org/cvs/cvsweb.cgi/emlcvs.ecoinformatics.org/cvs/cvsweb.cgi/eml



EML Best PracticesEML Best Practices



EMLEML
Best PracticesBest Practices

•• Maximize interoperability of LTER EML documents to facilitate Maximize interoperability of LTER EML documents to facilitate 
data synthesisdata synthesis

•• Minimize heterogeneity of LTER EML documents to simplify Minimize heterogeneity of LTER EML documents to simplify 
development and redevelopment and re--use of software tools and style sheetsuse of software tools and style sheets

•• Identify useful subsets of the EML to support specific functionaIdentify useful subsets of the EML to support specific functionality lity 
tiers targeted by the LTER NIS Advisory Committee (NISAC)tiers targeted by the LTER NIS Advisory Committee (NISAC)

•• Provide guidance to sites in their initial implementation of EMLProvide guidance to sites in their initial implementation of EML, , 
and a roadmap for improving their implementation to achieve and a roadmap for improving their implementation to achieve 
higher functionalityhigher functionality

Why do we need Why do we need ““EML Best PracticesEML Best Practices””??



Level 1Level 1
IdentificationIdentification

•• DescriptionDescription –– Minimum content for adequate data set discoveryMinimum content for adequate data set discovery
•• Major Elements Added :Major Elements Added :

–– TitleTitle
–– CreatorCreator
–– ContactContact
–– PublisherPublisher
–– Publication DatePublication Date
–– KeywordsKeywords
–– AbstractAbstract
–– Dataset/distribution                                            Dataset/distribution                                            

(i.e. URL for dataset information)(i.e. URL for dataset information)



Level 1Level 1
Code ExampleCode Example

<?xml version="1.0" encoding="UTF<?xml version="1.0" encoding="UTF--8"?>8"?>
<<eml:emleml:eml xmlns:emlxmlns:eml="eml://ecoinformatics.org/eml="eml://ecoinformatics.org/eml--2.0.1"2.0.1"

xmlns:xsixmlns:xsi="http://www.w3.org/2001/XMLSchema="http://www.w3.org/2001/XMLSchema--instance"instance"
xsi:schemaLocationxsi:schemaLocation="eml://ecoinformatics.org/eml="eml://ecoinformatics.org/eml--2.0.12.0.1
http://someserver.fls.edu/emlhttp://someserver.fls.edu/eml--2.0.1/eml.xsd2.0.1/eml.xsd" " 
packageIdpackageId="="knbknb--lterlter--fls.1.1fls.1.1" system="" system="FLSFLS”” scope="scope="systemsystem">">

<dataset id="<dataset id="FLSFLS--11" system="" system="FLSFLS">">
<<alternateIdentifieralternateIdentifier>>FLSFLS--11</</alternateIdentifieralternateIdentifier>>
<<shortNameshortName>>ArthropodsArthropods</</shortNameshortName>>
<title><title>

LongLong--term Ground Arthropod Monitoring Dataset atterm Ground Arthropod Monitoring Dataset at
Silver City, NM USA from 1998 to 2004Silver City, NM USA from 1998 to 2004

</title></title>
. . . . . . 

</dataset></dataset>



Level 1Level 1
Code ExampleCode Example

<creator id="<creator id="perspers--11" system="" system="FLSFLS">">
<<individualNameindividualName>>

<<givenNamegivenName>>JohnJohn</</givenNamegivenName>>
<<surNamesurName>>EcologistEcologist</</surNamesurName>>

</</individualNameindividualName>>
<<organizationNameorganizationName>>FLS LTERFLS LTER</</organizationNameorganizationName>>
<<address id="address id="addraddr--11" system="" system="FLSFLS"">>

<<deliveryPointdeliveryPoint>>Department of EcologyDepartment of Ecology</</deliveryPointdeliveryPoint>>
<<deliveryPointdeliveryPoint>>University of New MexicoUniversity of New Mexico</</deliveryPointdeliveryPoint>>
<<deliveryPointdeliveryPoint>>PO Box 1234PO Box 1234</</deliveryPointdeliveryPoint>>
<<citycity>>AlbuquerqueAlbuquerque</</citycity>>
<<administrativeAreaadministrativeArea>>NMNM</</administrativeAreaadministrativeArea>>
<<postalCodepostalCode>>8713187131--12341234</</postalCodepostalCode>>

</</addressaddress>>
<<phone phone phonetypephonetype="voice">="voice">(505) 999(505) 999--99999999</</phonephone>>
<<electronicMailAddresselectronicMailAddress>>jeco@unm.edujeco@unm.edu</</electronicMailAddresselectronicMailAddress>>
<<onlineUrlonlineUrl>>http://http://www.unm.edu/~jecowww.unm.edu/~jeco</</onlineUrlonlineUrl>>

</</creatorcreator>>



•• DescriptionDescription –– Level 1 content, plus coverage Level 1 content, plus coverage 
information to support targeted searchesinformation to support targeted searches

•• Major Elements Added :Major Elements Added :
–– Geographic CoverageGeographic Coverage
–– Taxonomic CoverageTaxonomic Coverage
–– Temporal CoverageTemporal Coverage

Level 2Level 2
DiscoveryDiscovery



<coverage><coverage>
<<geographicCoveragegeographicCoverage>>

<<geographicDescriptiongeographicDescription> > 
Silver City, NM USASilver City, NM USA

</</geographicDescriptiongeographicDescription>>
<<boundingCoordinatesboundingCoordinates>>

<<westBoundingCoordinatewestBoundingCoordinate>>--112.373634112.373634</</westBoundingCoordinatewestBoundingCoordinate>>
<<eastBoundingCoordinateeastBoundingCoordinate>>--111.612936111.612936</</eastBoundingCoordinateeastBoundingCoordinate>>
<<northBoundingCoordinatenorthBoundingCoordinate>>+33.708829+33.708829</</northBoundingCoordinatenorthBoundingCoordinate>>
<<southBoundingCoordinatesouthBoundingCoordinate>>+33.298975+33.298975</</southBoundingCoordinatesouthBoundingCoordinate>>
<<boundingAltitudesboundingAltitudes>>

<<altitudeMinimumaltitudeMinimum>>304304</</altitudeMinimumaltitudeMinimum>>
<<altitudeMaximumaltitudeMaximum>>627627</</altitudeMaximumaltitudeMaximum>>
<<altitudeUnitsaltitudeUnits>>metermeter</</altitudeUnitsaltitudeUnits>>

</</boundingAltitudesboundingAltitudes>>
</</boundingCoordinatesboundingCoordinates>>

</</geographicCoveragegeographicCoverage>>
......

Level 2Level 2
Code ExampleCode Example



......
<<temporalCoveragetemporalCoverage>>

<<rangeOfDatesrangeOfDates>>
<<beginDatebeginDate>>

<<calendarDatecalendarDate>>19981998--1111--1212</</calendarDatecalendarDate>>
</</beginDatebeginDate>>
<<endDateendDate>>

<<calendarDatecalendarDate>>20032003--1212--3131</</calendarDatecalendarDate>>
</</endDateendDate>>

</</rangeOfDatesrangeOfDates>>
</</temporalCoveragetemporalCoverage>>
<<taxonomicCoveragetaxonomicCoverage>>

<<generalTaxonomicCoveragegeneralTaxonomicCoverage>>
OrthopteranOrthopteran insects (grasshoppers) were id usinginsects (grasshoppers) were id using
the 2004 the 2004 BigKeyBigKey to to OrthopteraOrthoptera

</</generalTaxonomicCoveragegeneralTaxonomicCoverage>>
<<taxonomicClassificationtaxonomicClassification>>

<<taxonRankNametaxonRankName>>KingdomKingdom</</taxonRankNametaxonRankName>>
<<taxonRankValuetaxonRankValue>>AnimaliaAnimalia</</taxonRankValuetaxonRankValue>>
<<taxonomicClassificationtaxonomicClassification>>

<<taxonRankNametaxonRankName>>PhylumPhylum</</taxonRankNametaxonRankName>>
<<taxonRankValuetaxonRankValue>>ArthropodaArthropoda</</taxonRankValuetaxonRankValue>>

</</taxonomicClassificationtaxonomicClassification>>
</</taxonomicClassificationtaxonomicClassification>>

</</taxonomicCoveragetaxonomicCoverage>>
</coverage></coverage>

Level 2Level 2
Code ExampleCode Example



•• DescriptionDescription –– Level 2 content, plus data set details to Level 2 content, plus data set details to 
enable endenable end--user evaluation of the methodology and user evaluation of the methodology and 
data entitiesdata entities

•• Major Elements Added :Major Elements Added :
–– Intellectual RightsIntellectual Rights
–– ProjectProject
–– MethodsMethods
–– Data Table/Entity GroupData Table/Entity Group
–– Data Table/Attributes (constrained                              Data Table/Attributes (constrained                              

by current version of EMLby current version of EML))

Level 3Level 3
EvaluationEvaluation



Level 3Level 3
Code ExampleCode Example

<<intellectualRightsintellectualRights>>
<section><section>

<<parapara>>
The dataset is released to the public andThe dataset is released to the public and
may be used for academic or commercial purposesmay be used for academic or commercial purposes
subject to the following restrictions:subject to the following restrictions:

</</parapara>>
<<parapara>>

<<itemizedlistitemizedlist>>
<<listitemlistitem>>

<<parapara>>
LTER will make every effort possibleLTER will make every effort possible
to control and document the quality ofto control and document the quality of
the data it publishes. Data are madethe data it publishes. Data are made
available "as is"...available "as is"...

</</parapara>>
</</listitemlistitem>>
......

</</itemizedlistitemizedlist>>
</</parapara>>

</section></section>
</</intellectualRightsintellectualRights>>



Level 3Level 3
Code ExampleCode Example

......
<project><project>

<title><title>Fictitious LTER Site (FLS) permanent monitoring programFictitious LTER Site (FLS) permanent monitoring program</title></title>
<personnel id="<personnel id="perspers--3030" system="" system="FLSFLS">">

<<individualNameindividualName>>
<salutation>Dr.</salutation><salutation>Dr.</salutation>
<<givenNamegivenName>Eva</>Eva</givenNamegivenName>>
<<surNamesurName>Scientist</>Scientist</surNamesurName>>

</</individualNameindividualName>>
<address><address>

<reference><reference>addraddr--11</reference></reference>
</address></address>
<role><role>principalInvestigatorprincipalInvestigator</role></role>

</personnel></personnel>
<abstract><abstract>

<<parapara>>
The FLS basic monitoring program consists of monitoring of The FLS basic monitoring program consists of monitoring of 
arthropod populations, plant net primary productivityarthropod populations, plant net primary productivity, and bird, and bird
populations. Monitoring takes place at 3 sites, 4 timpopulations. Monitoring takes place at 3 sites, 4 times a year. es a year. 
Climate parameters are continuously measured at all sClimate parameters are continuously measured at all stations.tations.

</</parapara>>
</abstract></abstract>

</project></project>



Level 3Level 3
Code ExampleCode Example

<methods><methods>
<<methodStepmethodStep>>

<description><description>
<<parapara>>

FSL Protocol for Surveying Ground Arthropods has been...FSL Protocol for Surveying Ground Arthropods has been...
</</parapara>>

</description></description>
<protocol><protocol>

<title><title>
FLS Protocol for Surveying Ground ArthropodsFLS Protocol for Surveying Ground Arthropods

</title></title>
<creator><creator>

<references>pers<references>pers--1</references>1</references>
</creator></creator>
<<pubDatepubDate>>20002000--0202--2323</</pubDatepubDate>>
<abstract><abstract>

<<parapara>>
This protocol is being used by FLS arthropod...This protocol is being used by FLS arthropod...

</</parapara>>
</abstract></abstract>
<<keywordSetkeywordSet>>

<keyword <keyword keywordTypekeywordType="="themetheme">Ecology</keyword>">Ecology</keyword>
......

</</keywordSetkeywordSet>>
<distribution><distribution>

<online><online>
<<urlurl>>http://http://fls.univ.edu/protocols/arthro.htmlfls.univ.edu/protocols/arthro.html</</urlurl>>

</online></online>
</distribution></distribution>

</protocol></protocol>
</</methodStepmethodStep>>
......



Level 3Level 3
Code ExampleCode Example

<<methodStepmethodStep>>
<instrumentation><instrumentation>

SBE SBE MicroCATMicroCAT 3737--SM (S/N 1790); manufacturer: SeaSM (S/N 1790); manufacturer: Sea--BirdBird
Electronics (model: 37Electronics (model: 37--SM SM MicroCATMicroCAT); parameter: Conductivity); parameter: Conductivity
(accuracy: 0.0003 S/m, readability: 0.00001 S/m, ran(accuracy: 0.0003 S/m, readability: 0.00001 S/m, range:ge:
0 to 7 S/m); last calibration: Feb 28, 20010 to 7 S/m); last calibration: Feb 28, 2001

</instrumentation></instrumentation>
<instrumentation><instrumentation>

SBE SBE MicroCATMicroCAT 3737--SM (S/N 1790); manufacturer: SeaSM (S/N 1790); manufacturer: Sea--Bird Bird 
Electronics (model: 37Electronics (model: 37--SM SM MicroCATMicroCAT); parameter: Pressure (water)); parameter: Pressure (water)
(accuracy: 0.2m, readability: 0.0004m, range: 0 to 2(accuracy: 0.2m, readability: 0.0004m, range: 0 to 20m); last0m); last
calibration: Feb 28, 2001calibration: Feb 28, 2001

</instrumentation></instrumentation>
<instrumentation><instrumentation>

SBE SBE MicroCATMicroCAT 3737--SM (S/N 1790); manufacturer: SeaSM (S/N 1790); manufacturer: Sea--Bird Bird 
Electronics (model: 37Electronics (model: 37--SM SM MicroCATMicroCAT); parameter: Temperature); parameter: Temperature
((water)(accuracywater)(accuracy: 0.002C, readability: 0.0001C, range: : 0.002C, readability: 0.0001C, range: --55
to 35C); last calibration: Feb 28, 2001to 35C); last calibration: Feb 28, 2001

</instrumentation></instrumentation>
</</methodStepmethodStep>>

......
</methods></methods>



Level 3Level 3
Code ExampleCode Example

......
<<dataTabledataTable>>

<<entityNameentityName>>arthro_habarthro_hab</</entityNameentityName>>
<<entityDescriptionentityDescription>>

Habitat description for the sampling locationsHabitat description for the sampling locations
</</entityDescriptionentityDescription>>
<<attributeListattributeList>>

<attribute><attribute>
<<attributeNameattributeName>>temptemp</</attributeNameattributeName>>
<<attributeDefinitionattributeDefinition>>Water TemperatureWater Temperature</</attributeDefinitionattributeDefinition>>
<<storageTypestorageType>>floatfloat</</storageTypestorageType>>
<<measurementScalemeasurementScale>>

<interval><interval>
<unit><unit>

<<standardUnitstandardUnit>>celsiuscelsius</</standardUnitstandardUnit>>
</unit></unit>
<precision><precision>0.0010.001</precision></precision>
<<numericDomainnumericDomain>>

<<numberTypenumberType>>realreal</</numberTypenumberType>>
</</numericDomainnumericDomain>>

</interval></interval>
</</measurementScalemeasurementScale>>
<<missingValueCodemissingValueCode>>

<code><code>NaNNaN</code></code>
<<codeExplanationcodeExplanation>>

value not recorded or invalidvalue not recorded or invalid
</</codeExplanationcodeExplanation>>

</</missingValueCodemissingValueCode>>
</attribute></attribute>
......



Level 3Level 3
Code ExampleCode Example

<attribute><attribute>
<<attributeNameattributeName>>condcond</</attributeNameattributeName>>
<<attributeLabelattributeLabel>>ConductivityConductivity</</attributeLabelattributeLabel>>
<<attributeDefinitionattributeDefinition>>

measured with measured with SeaBirdSeaBird Electronics CTDElectronics CTD--911911
</</attributeDefinitionattributeDefinition>>
<<storageTypestorageType>>floatfloat</</storageTypestorageType>>
<<measurementScalemeasurementScale>>

<ratio><ratio>
<unit><unit>

<<customUnitcustomUnit>>siemensPerMetersiemensPerMeter</</customUnitcustomUnit>>
</unit></unit>
<precision><precision>0.00010.0001</precision></precision>
<<numericDomainnumericDomain>>

<<numberTypenumberType>>realreal</</numberTypenumberType>>
<bounds><bounds>

<minimum exclusive="<minimum exclusive="falsefalse">">00</minimum></minimum>
<maximum exclusive="<maximum exclusive="falsefalse">">4040</maximum></maximum>

</bounds></bounds>
</</numericDomainnumericDomain>>

</ratio></ratio>
</</measurementScalemeasurementScale>>

</attribute></attribute>
</</attributeListattributeList>>
......



Level 3Level 3
Code ExampleCode Example

......
<<addtionalMetadataaddtionalMetadata>>

<<unitListunitList>>
<unit id="<unit id="siemensPerMetersiemensPerMeter" name="" name="siemensPerMetersiemensPerMeter""
unitTypeunitType="="conductanceconductance" " parentSIparentSI="="siemensiemen" " multiplerToSImultiplerToSI="="11">">

<description><description>
electrical conductance of a solution (conductivity)electrical conductance of a solution (conductivity)

</description></description>
</unit></unit>

</</unitListunitList>>
</</additionalMetadataadditionalMetadata>>
......



Level 4Level 4
AccessAccess

•• DescriptionDescription –– Level 3 content plus data access details Level 3 content plus data access details 
to support automated data retrieval to support automated data retrieval 

•• Major Elements Added :Major Elements Added :
–– AccessAccess

–– PhysicalPhysical



<access <access authSystemauthSystem="FLS">="FLS">
<allow><allow>

<principal><principal>PUBLICPUBLIC</principal></principal>
<permission><permission>readread</permission></permission>

</allow></allow>
<allow><allow>

<principal><principal>uiduid==fls,ofls,o==LTER,dcLTER,dc==ecoinformatics,dcecoinformatics,dc=org =org </principal></principal>
<permission><permission>allall</permission></permission>

</allow></allow>
</access></access>

Level 4Level 4
Code ExampleCode Example



<<dataTabledataTable>>
......
<physical><physical>

<<objectNameobjectName>>flslter.299.1flslter.299.1</</objectNameobjectName>>
<size unit="bytes"><size unit="bytes">5984759847</size></size>
<<dataFormatdataFormat>>

<<textFormattextFormat>>
<<numHeaderLinesnumHeaderLines>>11</</numHeaderLinesnumHeaderLines>>
<<attributeOrientationattributeOrientation>>columncolumn</</attributeOrientationattributeOrientation>>
<<simpleDelimitedsimpleDelimited>>

<<fieldDelimiterfieldDelimiter>>,,</</fieldDelimiterfieldDelimiter>>
</</simpleDelimitedsimpleDelimited>>

</</textFormattextFormat>>
</</dataFormatdataFormat>>
<distribution><distribution>

<online><online>
<<urlurl>>http://fls.unm.edu/flslter.296.1http://fls.unm.edu/flslter.296.1</</urlurl>>

</online></online>
</distribution></distribution>

</physical></physical>
......

Level 4Level 4
Code ExampleCode Example



Level 5Level 5
IntegrationIntegration

•• DescriptionDescription –– Level 4 content plus complete attribute Level 4 content plus complete attribute 
and quality control details to support computerand quality control details to support computer--
assisted data integration and reassisted data integration and re--sampling; Integrationsampling; Integration--
level metadata should support computerlevel metadata should support computer--mediated mediated 
access and processing of data, and therefore requires access and processing of data, and therefore requires 
that all aspects of the data package be fully that all aspects of the data package be fully 
described.described.

•• Major Elements Added :Major Elements Added :
–– Attribute List (full descriptions)Attribute List (full descriptions)
–– Measurement ScaleMeasurement Scale
–– UnitsUnits
–– ConstraintConstraint
–– Quality ControlQuality Control



Level 5Level 5
Code ExampleCode Example

......
<constraint id="<constraint id="pkarthro_taxapkarthro_taxa">">

<<primaryKeyprimaryKey>>
<<constraintNameconstraintName>>pkarthro_taxapkarthro_taxa</</constraintNameconstraintName>>
<key><key>

<<attributeReferenceattributeReference>>dbo.arthro_taxa.taxondbo.arthro_taxa.taxon</</attributeReferenceattributeReference>>
</key></key>

</</primaryKeyprimaryKey>>
</constraint></constraint>
<constraint id="<constraint id="arthro_taxa.taxonNotNullarthro_taxa.taxonNotNull">">

<<notNullConstraintnotNullConstraint>>
<<constraintNameconstraintName>>arthro_taxa.taxonNotNullarthro_taxa.taxonNotNull</</constraintNameconstraintName>>
<key><key>

<<attributeReferenceattributeReference>>dbo.arthro_taxa.taxondbo.arthro_taxa.taxon</</attributeReferenceattributeReference>>
</key></key>

</</notNullConstraintnotNullConstraint>>
</constraint></constraint>
......



Level 5Level 5
Code ExampleCode Example

</</measurementScalemeasurementScale>>
<method><method>

<<qualityControlqualityControl>>
<description><description>

<<parapara>>
Passage of clouds during a profile reduces the incident Passage of clouds during a profile reduces the incident 
radiation, and leads to erroneous estimates radiation, and leads to erroneous estimates of of KdKd..
Variation of incident irradiance was describVariation of incident irradiance was described in twoed in two
ways (before binning): 1) the coefficient ofways (before binning): 1) the coefficient of variationvariation
((cvcv) over the 10m depth interval, and 2) difference...) over the 10m depth interval, and 2) difference...

</</parapara> > 
</description></description>

</</qualityControlqualityControl>>
</method></method>
......



Level 6Level 6
SemanticSemantic

•• DescriptionDescription –– Level 5 content plus semantic Level 5 content plus semantic 
informationinformation (currently under development by SEEK, (currently under development by SEEK, 
and may require extension to the EML schema)and may require extension to the EML schema)



•• packageIDpackageID and Metacat document naming conventionand Metacat document naming convention

•• LDAP access control in MetacatLDAP access control in Metacat

•• Organizational citationOrganizational citation

AdditionalAdditional
RecommendationsRecommendations

Metacat and by extension the Metacat harvester rely on numerical data set ids and revision 
numbers for document management and synchronization - packageId attributes for EML 
contributed to the KNB Metacat should be formed as follows:

knb-lter-[site].[dataset number].[revision], e.g. knb-lter-sev.187.4
Scope              UniqueID Revision#

Metacat access control format conforms to the LDAP Distinguished Name concept:

<principal>uid=FLS,o=lter,dc=ecoinformatics,dc=org</principal> 

The “Organization” field on the Metacat query results page is populated using the first 
eml:eml/dataset/creator/organizationName element in the document, so it is recommended that 
for LTER-contributed data sets the LTER site be included as the first creator: 

<organizationName>Sevilleta LTER</organizationName>
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AddendumAddendum



eXtensibleeXtensible
Markup LanguageMarkup Language

•• Development influenced by SGML and HTML Development influenced by SGML and HTML –– Version Version 
1.0 in early 19981.0 in early 1998

•• A semantic language that lets you more meaningfully A semantic language that lets you more meaningfully 
annotate text (where HTML lets you define how text annotate text (where HTML lets you define how text 
can be displayed, XML provides it with meaning).can be displayed, XML provides it with meaning).

•• Support for presentation, exchange, and Support for presentation, exchange, and 
management of information (at the machine level)management of information (at the machine level)

•• Tools include DTD, Schema, XSLT, and moreTools include DTD, Schema, XSLT, and more……

XMLXML



The InfamousThe Infamous
Bibliography ExampleBibliography Example

AhoAho, A.V., , A.V., SethiSethi, R., & , R., & 
UllmanUllman, J.D. (1985) , J.D. (1985) 
Compilers: Principles, Compilers: Principles, 
Techniques, and Techniques, and 
ToolsTools. . Addison-
Wesley



XML isXML is
Hierarchical by DesignHierarchical by Design

<BIB>

<BOOK>

<AUTHOR> <TITLE> <PUBLISHER> <YEAR><AUTHOR> <AUTHOR>

<JOURNAL><WEBPAGE>



XML DocumentXML Document
StructureStructure

<?xml version=“1.0” standalone=“yes”>

<!-- This is an example bibliography. -->

<BIB>
<BOOK nickname=“Dragon book”>

<AUTHOR id=“aho”> Aho, A. V. </AUTHOR>
<AUTHOR id=“sethi”> Sethi, R. </AUTHOR>
<AUTHOR id=“ullman”> Ullman, J. D. </AUTHOR>
<TITLE>

Compilers: Principles, Techniques, and Tools
</TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>
</BIB>



XML DocumentXML Document
StructureStructure

Prolog
<?xml version=“1.0” standalone=“yes”>

<!-- This is an example bibliography. -->

<BIB>
<BOOK nickname=“Dragon book”>

<AUTHOR id=“aho”> Aho, A. V. </AUTHOR>
<AUTHOR id=“sethi”> Sethi, R. </AUTHOR>
<AUTHOR id=“ullman”> Ullman, J. D. </AUTHOR>
<TITLE>

Compilers: Principles, Techniques, and Tools
</TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>
</BIB>



<?xml version=“1.0” standalone=“yes”>

<!-- This is an example bibliography. -->

<BIB>
<BOOK nickname=“Dragon book”>

<AUTHOR id=“aho”> Aho, A. V. </AUTHOR>
<AUTHOR id=“sethi”> Sethi, R. </AUTHOR>
<AUTHOR id=“ullman”> Ullman, J. D. </AUTHOR>
<TITLE>

Compilers: Principles, Techniques, and Tools
</TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>
</BIB>

XML DocumentXML Document
StructureStructure

Comment



<?xml version=“1.0” standalone=“yes”>

<!-- This is an example bibliography. -->

<BIB>
<BOOK nickname=“Dragon book”>

<AUTHOR id=“aho”> Aho, A. V. </AUTHOR>
<AUTHOR id=“sethi”> Sethi, R. </AUTHOR>
<AUTHOR id=“ullman”> Ullman, J. D. </AUTHOR>
<TITLE>

Compilers: Principles, Techniques, and Tools
</TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>
</BIB>

XML DocumentXML Document
StructureStructure

Closing Tag

Opening Tag
(Root Element)



<?xml version=“1.0” standalone=“yes”>

<!-- This is an example bibliography. -->

<BIB>
<BOOK nickname=“Dragon book”>

<AUTHOR id=“aho”> Aho, A. V. </AUTHOR>
<AUTHOR id=“sethi”> Sethi, R. </AUTHOR>
<AUTHOR id=“ullman”> Ullman, J. D. </AUTHOR>
<TITLE>

Compilers: Principles, Techniques, and Tools
</TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>
</BIB>

XML DocumentXML Document
StructureStructure

Element 
Content



<?xml version=“1.0” standalone=“yes”>

<!-- This is an example bibliography. -->

<BIB>
<BOOK nickname=“Dragon book”>

<AUTHOR id=“aho”> Aho, A. V. </AUTHOR>
<AUTHOR id=“sethi”> Sethi, R. </AUTHOR>
<AUTHOR id=“ullman”> Ullman, J. D. </AUTHOR>
<TITLE>

Compilers: Principles, Techniques, and Tools
</TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>
</BIB>

XML DocumentXML Document
StructureStructure

Element 
Attribute



<?xml version=“1.0” standalone=“yes”>

<!-- This is an example bibliography. -->

<BIB>
<BOOK nickname=“Dragon book”>

<AUTHOR id=“aho”> Aho, A. V. </AUTHOR>
<AUTHOR id=“sethi”> Sethi, R. </AUTHOR>
<AUTHOR id=“ullman”> Ullman, J. D. </AUTHOR>
<TITLE>

Compilers: Principles, Techniques, and Tools
</TITLE>
<PUBLISHER> Addison-Wesley </PUBLISHER>
<YEAR> 1985 </YEAR>

</BOOK>
</BIB>

XML DocumentXML Document
StructureStructure

Complex 
Element



XML DTDXML DTD
and Schemaand Schema

Defines the structure, content and to some Defines the structure, content and to some 
extent, the semantics of XML documentsextent, the semantics of XML documents
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