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XMDR Presentation Outline

ÅWhat is (are?) metadata & why is it important?

ÅMetadata for water research & policy
ïcurrent projects, technology & issues

ÅWhat are metadata registries?
ïwhy are metadata registry standards necessary?

ïwhat are current registry strengths & weaknesses?

ÅXMDR Project
ïmotivation & goals ïadding more formal semantics

ïXMDR Prototype System ïarchitecture & test contents

ÅCancer Data Standards Repository example

ÅPossible uses of metadata registries for water?
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Data, Metadata and Ancillary Data

ID Date Temp Hg

A 06-09-13 4.4 4

B 06-09-13 9.3 2

X 06-09-13 6.7 78

Metadata

Data

Site 
Code Site Name Latitude Longitude Elevation State County

A
BEAR RIVER BLW SMITHS FORK, NR 
COKEVILLE, WY 42.1266021 -110.973243 1872 WY Lincoln

B BEAR RIVER AT SODA SPRINGS, ID 42.6138103 -111.583556 1756.1 ID Caribou

Name Datatype Definition Units

ID text Monitoring Station Identifier not applicable

Date date Date yy-mm-dd

Temp number Temperature (to 0.1 degree C) degrees Celsius

Hg number Mercury contamination micrograms per liter

Ancillary 

Data

A
B

X
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Metadata can help achieve common understanding 

of meaning between Data Creators and Data Users

Users Information Systems Data Creation

EEA

USGS

DoD

EPA
environ
agriculture
climate
human health
industry
tourism
soil
water
air

123
345
445
670
248
591
308

123
345
445
670
248
591
308

3268
0825
1348
5038
2708
0000
2178
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0825
1348
5038
2708
0000
2178

text data
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ambiente
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345
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670
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1348
5038
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0000
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1348
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2708
0000
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text data

data
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0000
2178
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0000
2178

text data

Others . . .

ambiente
agricultura
tiempo
salud huno
industria
turismo
tierra
agua
aero
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345
445
670
248
591
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123
345
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text data

Common interpretation 

of what data represents
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What is the current state of metadata 

technology for water data?

ÅEPA STORET (STOrage and RETrieval) epa.gov/storet/
ïCharacteristics Group Summaries & detail  by Source Organization 

ÅUSGS NWIS National Water Information System 
nwis.waterdata.usgs.gov

ÅEuropean Environmental Agency

ïWater Data Centre & Water Information System for Europe (WISE)

ÅCUAHSI - Consortium of Universities for the Advancement 
of Hydrologic Science, Inc. cuahsi.org   (NSF)

ÅCUAHSI Hydrologic Information System (CUAHSI-HIS) 
his.cuahsi.org 

ÅObservations Data Model (ODM) 
water.usu.edu/cuahsi/ODM & ñControlled Vocabulariesò
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12 CUAHSI Controlled Vocabularies 

for Observation Data Model (ODM)

Å CensorCodeCV:Used to populate the CensorCode field of the DataValues table

Å DataTypeCV:Used to populate the DataType field of the Variables table

Å GeneralCategoryCV:Used to populate the GeneralCategory field in the Variables table

Å QualityControlLevels:Defines QualityControl LevelID used in the DataValues table

Å SampleMediumCV:Used to populate the SampleMedium field in the Variables table

Å SampleTypeCV:Used to populate the SampleType field in the Samples table

Å SpatialReferences:Defines the coordinate systems used in the Sites table

Å TopicCategoryCV:Used to populate the TopicCategory field in the ISOMetadata table

Å Units:Defines the units used in the Variables and Offset types tables

Å ValueTypeCV:Used to populate the ValueType field in the Variables table

ÅVariableNameCV:Used to populate the VariableName field in the Variables table

Å VerticalDatumCV:Used to populate the VerticalDatum field im the Sites table

http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=CensorCodeCV&id=2073058421
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=DataTypeCV&id=2089058478
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=GeneralCategoryCV&id=2105058535
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=QualityControlLevels&id=2121058592
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=SampleMediumCV&id=2137058649
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=SampleTypeCV&id=5575058
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=SpatialReferences&id=389576426
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=TopicCategoryCV&id=37575172
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=Units&id=53575229
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=ValueTypeCV&id=69575286
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=VariableNameCV&id=85575343
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=VariableNameCV&id=85575343
http://water.usu.edu/cuahsi/odm/edit_cv.aspx?tbl=VerticalDatumCV&id=101575400
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221 ODM Variables are listed in the 

Variable Name Controlled Vocabulary

http://water.usu.edu/cuahsi/ODM/downloads/

http://water.usu.edu/cuahsi/ODM/downloads/default.aspx
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ODM CUASHI Controlled Vocabularies 

& Definitions Evolve via Change Form
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What are metadata registries? 

How are they used? By whom?

ÅWhat? Standardized databases for metadata

ïdata elements from diverse databases & systems

ïreusable value sets (e.g., country codes, cause of death)

ïprovenance information (source, derivation, etc.) 

ïmetadata, parameters & equations for simulations 

ÅHow? Data Administration & Integration (design + run time)

ïmanage definitions, data relationships, etc. over time

ïcombine data & concepts from diverse sources

ïdiscover hidden relationships between data

ïsupport data entry forms, navigation & federated queries

ÅWho? Large organizations (e.g., EPA, NCI, DOD)
ïfor interoperation & data discovery, which also require

ïstandards for sharing across disciplines & organizations 
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*ISO/IEC 11179 Metadata Registry 

Standard facilitates inter-operability

ÅPart 1: Framework  (32 pages)

ÅPart 2: Classification (14 pages)

ÅPart 3: Registry metamodel and basic attributes (108 pages)

ÅPart 4: Formulation of data definitions (16 pages)

ÅPart 5: Naming and Identification Principles for Data Elements           
(25 pages)

ÅPart 6: Registration (72 pages)

Work on part 3 began ~1988;ed 1 became an ISO standard 1994

Work on new part 3, ed. 3 began in 2003 ïtarget is 2009

Publicly Available from: 
http://isotc.iso.ch/livelink/livelink/fetch/2000/2489/
Ittf_Home/PubliclyAvailableStandards.htm??Redirect=1 

http://isotc.iso.ch/livelink/livelink/fetch/2000/2489/
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11179 ed. 3 metamodel has more fine-

grained metadata entities & attributes
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Example Data Element Metadata from 

EPA Environmental Data Registry

Responsible Agency Type Code

Definition: The code that represents the name of the type of federal 

agency primarily responsible for a facility

XMLTag: ResponsibleAgencyTypeCode

Type: enumerated (1)

Identifier:1-89872:1

Status: Standard/Final

Origin: US EPA Data Standard EX000020.2 item 8.2

Data Steward: Larry Fitzwater    Environmental Information Office

Permissible Value and Value Meaning

Value Value Meaning Begin Date End Date

C Civilian

M Military
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Metadata registry success & growth 

has led to new semantic challenges

ÅNatural language descriptions are too limited
ïimprecise and fuzzy, even for human users
ïcomputer software cannot process unambiguously
ïdoes not help identify what is known and not known
ïrequire too much intervention by expensive humans

ÅWeak integration of concepts with metadata
ïe.g.,  ñnutrientsò with particular measured variables

ÅRelationships are not well-specified
ïe.g., ñis-aò, ñpart-ofò, ñbroader-termò, etc.

ÅLimited scalability 
ïfor multiple terminologies & many databases 

ÅLimited relationships with other standards
ïe.g., terminologies, ontologies, OMG, etc.
ïno formal axioms to specify relationships, etc. 
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XMDR project & 3rd edition of 11179 

address current MDR limitations 

ÅUse concepts to unify different types of metadata
ïevolution requires increasing granularity & details
ïcombine strengths of data dictionaries/registries and ontologies 

ÅAdd more rigorous & formal specification for
ïconcepts and concept systems (including ontologies, thesauri, 

taxonomies)
ï relationships between metamodel components (concepts, elements, 

values)
ï formal axioms for conceptual & structural relationships

ÅRegister & manage complex semantic metadata (i.e., concepts)             
in more formal, systematic ways (e.g., description logic)                          
to facilitate machine processing of semantics in order to
ï link together data elements & terms across multiple systems
ïdiscover relationships among data elements, terms & concepts
ïcreate and manage names, definitions, terms, etc.
ïsupport software inference, aggregation, and agent services
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What is the XMDR Project? 

(eXtended Metadate Registries)

ÅSet of collaborative initiatives with shared goals & funding

ïEPA, NCI, DOD, LBNL, USGS, Ecoterm, UNEP, é (major 11179 users)

ÅXMDR project at LBNL began in 2003

Åprincipals have been meeting in Berkeley since 2004

ï ISO-IEC JTC1/SC32/WG2 & ANSI/INCITS L8 working on 11179 ed. 3
ÅJoint Technical Committee 1, Subcommittee 32, Working Group 2

Åmetadata registry standards work began in 1980ôs re data dictionaries & codesets

ÅCoordinate/harmonize related metadata standards (e.g., OMG, ODM, CWM, etc.)

ÅOpen source reference implementation & testbed system

ï test implementations of proposed extensions to 11179 metamodel

Åadd more formal semantic metadata on concepts & relationships to data

ïassemble semantic metadata from diverse sources & structures

Å terminologies, ontologies, etc. for environment, geography, health, é

ïexplore emerging semantic technologies (e.g., RDF, OWL, CL, é)

ïdemonstrate new capabilities 

Åe.g.,  ontology lifecycle management & harmonization
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XMDR Prototype implementation helps 

test & demonstrate new parts of 11179

Å Demonstrate feasibility & utility of proposed revisions to ISO/IEC 11179

Å Provide open-source reference implementation with XMDR capabilities

ï Determine the necessary features to leverage semantic interoperability 
between óconceptô systems and ódata elementsô 

ï e.g., for ontology lifecycle management & harmonization

Å Explore benefits of representing XMDR content using emerging 
semantic technologies (e.g., RDF, OWL, CL, é)

ï integrate open source tools to create, maintain, deploy XMDR standards

ï test capabilities and performance of candidate tools

Å Assemble semantic metadata with different structures from diverse 
sources to test various semantic technologies

ïterminologies, thesauri, ontologies, é

ïfrom health, environment, geography, é water?

Å Help identify ways to resolve registration & harmonization issues for 
different metadata standards, including ODM & MMF
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XMDR Protype facilitates basic types of 

inference using concepts plus metadata

ID Date Temp Hg

A 06-09-13 4.4 4

B 06-09-13 9.3 2

X 06-09-13 6.7 78

Name Datatype Definition Units

ID text

Monitoring Station 

Identifier not applicable

Date date Date yy-mm-dd

Temp number

Temperature (to 0.1 

degree C)

degrees 

Celsius

Hg number

Mercury 

contamination

micrograms 

per liter

Inference Search Query:
ñfind water bodies downstream from

Fletcher Creek where chemical contamination

was over 10 micrograms per liter

between December 2001 and March 2003òData:

Metadata:

Biological Radioactive

Contamination

lead cadmiummercury

Chemical

Concept System (multi-lingual):
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Authentication 

Service
Validation

(XML Schema)

Mapping

Engine

Full Text

Index
Asserted

LogicIndex

Inferred

LogicIndex

Reasoner

(Pellet)

Text Search

(Lucene)
Registry Store (Subversion)

XMDR metamodel 

(OWL & xml schema)

Metamodel specs

(UML & Editing)

(Poseidon, Protege)

XMDR Prototype Rest-Style Modular 

Architecture uses open source software

Search & Inference 

Queries (Jena, SPARQL)

Human User Interface

(XML pages & javascript)

USERS

Web Browsersé..Client

Software

Application Program 

Interface (REST)

standard XMDR files
standard XMDR files

standard XMDR files
standard XMDR files

Content Loading & 

Transformation

(Lexgrid & custom)

Metadata Sources 

concept systems,

data elements

XMDR data model 

& exchange format

XML, RDF, OWL



CMWR July 8, 2008 -v2.ppt

XMDR Prototype supports several 

different types of search interfaces
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XMDR Web Site has documentation 

downloadable software & content

http://xmdr.org/


