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The standards underlying the Semantic Web -- Resource Description Framework
(RDF) and Web Ontology Language (OWL), among others -- show great promise
In addressing some of the basic problems in earth science metadata. In particular
they provide a single framework that allows us to describe datasets according to
multiple standards, creating a more complete description than any single
standard can support, and avoiding the difficult problem of creating a super-
standard that can describe everything about everything. The Semantic Web
standards provide a framework for explicitly describing the data models implicit
in programs that display and manipulate data. They also provide a framework
where multiple metadata standards can be described. Most importantly, these
data models and metadata standards can be interrelated, a key step in creating
interoperability, and an important step in creating a practical system.

As a exercise 1n understanding how this framework might be used, we have
created an RDF expression of the datasets and some of the metadata in the
IRI/LDEO Climate Data Library (http://iridl.ldeo.columbia.edu/). This includes
concepts like datasets, units, dependent variables, and independent variables.
These datasets have been provided under diverse frameworks that have varied
levels of associated metadata, including netCDF, GRIB, GeoTIFF, and OpenDAP:
these frameworks have some associated concepts that are common, some that are
similar and some that are quite distinct. We have also created an RDF expression
of a taxonomy that forms the basis of a earth data search interface. These
concepts include location, time, quantity, realm, author, and institution. A series
of inference engines using currently-evolving semantic web technologies are then
used to infer the connections between the diverse data-oriented concepts of the
data library as well as the distinctly different conceptual framework of the data
search.

Browse/Search Interface

Additional Semantics

Dataset Ontology

Search Ontology

Search Interface

Datasets

As suggested by the cartoon, we construct our search interface by creating an
ontology that describes how the search views information. We also have a
dataset ontology that describes how the data i1s organized. These are connected
with rules and additional semantics so that the information connected to the
datasets is transformed so the search interface can make use of it.
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IRl Data Library & Map Room Search Interface

Click on search terms in the categories on the left side of this page to display a list of data sets or maps that are associated
with the terms you have selected. Each of the matching data sets or maps includes a title, a short description, and an icon.
Click on a title or icon to see the data set or map page you want. Use the check boxes in the list of "Search Terms You Have
Selected” to remove individual terms from the search, or the "New Search” link to remove all selected terms at once.
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The sample view of the search interface shows a dataset search for S. Levitus.
Search terms are on the left, results on the right. The search displays the terms
that describe the datasets selected: terms that span (describe all the remaining
data) are no longer links, specific terms are not shown until more general ones
are chosen; parts of datasets are not shown unless the search requires it.

Multiple Metadata
Standards Framework

To give a broad outline of the multiple metadata standards
included, we have broadly classified the ontologies

into three types: Models, which describe/structure
metadata systems, Objects, which contain individuals
structured according to the models, and Crosswalks, which
connect Models and allow Objects to be displayed and
understood using metadata frameworks other than the one
they were defined under.
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Connecting Multiple
Metadata Frameworks
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CROSSWALKS

ncbasic: declares equivalent classes between iridl and netcdf-3

iridlcf-ds: crosswalk between cf std. names, cf-att properties and iridl properties
iridlrules: SWRL rules for Data Library metadata

gazterms: connector between Gazetteer Features and iriterm ontology
iridlgcmd: crosswalk between Data Library and GCMD

iridIToTerms: crosswalk between Data Library and iriterms

iridlcf-terms: crosswalk between cf std. names, cf-att properties and iriterms
iridISWEET: connections between Data Library and SWEET

IRI RDF Architecture

The RDF architecture 1s implemented by having a
Start Point document that points to enough RDF
documents that all the information necessary is found
following links. That information is crawled and kept
1n a persistent store. That information is then
transfered to a Sesame Triple-Store with an OWL
semantic layer, when additional rules are run and the
results added until no more virtual triples are
generated. Searches are then done on that store.
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Search Interface

Semantic API for the
search interface

The semantic basis for the search interface is that items (maps or
datasets) are found by Terms which are organized into Facets
which are organized into Taxa. Items have some displayable
properties, and can be related by isPartOf or isReplacedBy;
terms can imply other terms. All this can be cleanly expressed in
RDF, and another metadata model need only be mapped into this
model in order to be displayed in the search interface. Thus this is
a semantic API.

{item} dc:title dc:description rss:link iridl:icon
dcterm:isPartOf {item2}
dcterm:isReplacedBYy {item2}

{item} trm:isDescribedBYy {term}
{term} a {facet} of {taxa} of {trm:Term},

{facet} a {trm:Facet}, {taxa} a {trm:Taxa},
{term} trm:directlylmplies {term2}

of the ontology, with attributes becoming properties.

http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/

is a
iridl:dataset
http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.dataset_documentation.html
http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.oceanviews.html
http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/.oceanviews2.html
http://iridl.ldeo.columbia.edu/SOURCES/.NOAA/.NODC/.WOA98/
iriref: Conkright_etal1994

iridl:hasDocumentation

iriref:Levitus_B 1994
iridl:hasReferenceDocumentation %r%re. ev% us_Coyer A
iriref:Levitus_Boyer1994c
iriref:Levitus_etal1994

http://iridl.1deo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/

iridl:isContainerOf http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/ MONTHLY/
http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/. SEASONAL/
iridl:last_modified 2005-10-26T18:00:47Z

LEVITUS94: World Ocean Atlas 1994, an atlas of objectively analyzed fields of
major ocean parameters at the annual, seasonal, and monthly time scales.
Superceeded by WOAO9S. Resolution: 1x1; Longitude: global; Latitude: global;
Depth: [0 m,5500 m]; Time: [Jan,Dec]; monthly

rss:description

rss:link http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/
rdfs:comment LEVITUS94
rdfs:label LEVITUSY94

At right are properties generated for
the NO3 variable within the
LEVITUS94 dataset. Note the local
namespace for the history attribute,
1.e. this attribute was not mapped to
any standard. The independent
variables are also defined within this
local namespace. This means
metadata that has not yet been
mapped to a standard still has a well-

defined place in the RDF system.

Converting dataset attributes
to semantic metadata

Data (and its associated metadata) arrive at the data library in a wide variety of formats. These are mapped to the internal
data model of datasets containing sub-datasets containing dependent (multi-dimensional) variables containing independent
variables. The metadata is converted to attributes of the datasets and their contents.

We want to convert this information to a RDF representation, and give explicit meaning to the semantics implicit in the
dataset nesting, dataset and variable names, and attribute/independent variable values. This maps to the Content section

At left are the properties generated for the
LEVITUS94 dataset. isContainerOf
reproduces the nested structure of datasets
and variables.
hasReferenceDocumentation links to
bibliographic entries for papers that
document the dataset.

http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.ANNUAL/.NO3/

isa
iridl:dependent_variable

http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/rdf.xml#history [World Ocean Atlas CD-ROM, Levitus et al., 1994

iridl:hasDataType iridl:realarraytype
http://iridl.lIdeo.columbia.edu/SOURCES/.LEVITUS94/rdf xml#X
iridl:hasIndependentVariables http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/rdf . xml#Y

http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/rdf xml#Z

.. . iridl:DissolvedConcentration
iridl:hasSemantics

iridl:Nitrate
iridl:hasUnits iriunits:micro_mole/l
iridl:last_modified 1995-04-12T19:15:21Z
iridl:long_name Nitrate
iridl:missing_value NaN
rss:link http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.ANNUAL/.NO3/
rss:title LEVITUS94 ANNUAL Nitrate
rdfs:comment LEVITUS94 ANNUAL NO3
rdfs:label LEVITUS94 ANNUAL NO3

As object: http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.ANNUAL/.NO3/

http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.ANNUAL/ |iridl:isContainerOf

Data Library Metadata after Reasoner

http:/iridl.ldeo.columbia.edu/ontologies/browse.pl

Once the RDF documents have been crawled, and the virtual triples added, then the resulting database can
be browsed or queried, SeRQL being the RDF query language chosen here. This browser is designed to
display the statements available for queries, it needs only minimal understanding of the semantics. It is not
a user interface, rather it is a designer's tool to help create the queries that a real interface would use to

extact needed information.

iridl:Distinguishing_Characteristics

isa
owl:Class

This is the starting point for a search interface to display the semantics associated with a
rdfs:comment |given subset of the iridl:Content, i.e. the search interface organizes and displays
individuals of this class (and its sub-classes).

rdfs:subClassOf |iridl:Semantics
As object: iridl:Distinguishing_Characteristics

http://iridl.1deo.columbia.edu/ontologies/browse.pl |iridl:hasStartingPoint
iridl:Disease

iridl:Institution
iridl:Location
iridl:Person

iridl:Quantity
iridl:Realm rdfs:subClassOf
iridl: Substancd
iridl: Time
iridL: Titles

iridl: Topics
iridl:VerticalL%cation

iridl:Person

isa
owl:Class

rdfs:subClassOf |iridl:Distinguishing Characteristics

As object: iridl:Person
irirules:dataset_authors_from_referencesll (...) |swrl:classPredicate
Individuals

iriref: Antonov_JI
iriref: Arkin_PA
iriref:Baranova_O
wriref:Boyer TP
iriref:Burgett_R
iriref:Burney_J
iriref:Jenne_R
iriref:Johnson_D
iriref:Joseph_D
iriref:Joyce_RJ
iriref:Kalnay_E
iriref:Kanamitsu_M
riref:Kistler R
iriref:Lee
iriref:Leetmaa_A
iriref:Levitus_S
iriref:Methot_ A

iridl:DissolvedConcentration

isa
property:DissolvedConcentration of property:MassConcentration of property:MassConcentrationRelatedQuantity of
property:CompositionRelatedQuantity of property:PhysicalQuantity

property:MassRelatedQuantity of property:PhysicalQuantity of numerics:Quantity of sweet:Numerics_SWEET of
sweet:Faceted SWEET of sweet: SWEET Ontologies

iridl:Quantity of iridl:Distinguishing Characteristics of iridl:Semantics of iridl:Datal.ibrary

As object: iridl:Dissolved Concentration

http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/.NO3/

http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/

iriref:Levitus_etal1994

isa
iribib: TechReport of iribib:document
iridl:reference of iridl:document of iridl:Content of iridl:Datalibrary
iribib:address |Washington, D.C.

iriref:Boyer TP
iribib:author |iriref:Burgett_R

iriref:Levitus S
iribib:institution |iriref:us_department_of_commerce
iribib:number |3
iribib:pages |99
iribib:title World Ocean Atlas 1994 Volume 3: Nutrients
iribib:type = [NOAA Atlas NESDIS
iribib:year 1994

S. Levitus, R. Burgett, T.P. Boyer. World Ocean Atlas 1994 Volume 3: Nutrients, number 3,

rdfs:label 1994

isa
iridl:dataset of iridl:Content of iridl:Datal.ibrary
http://iridl.Ideo.columbia.pdu/SOURCES/.LEVITUS94/.dataset_documentation.html
http://iridl.1deo.columbia.§du/SOURCES/.LEVITUS94/.oceanviews.html
http://iridl.Ideo.columbia.gdu/SOURCES/.LEVITUS94/.oceanviews2.html
http://iridl.Ideo.columbia.gdu/SOURCES/.NOAA/.NODC/.WOA98/
iriref:Conkright etal1994
iriref:Levitus_Boyer1994

iridl:hasDocumentation

iriref:Levitus_Boyer1994c¢
iriref:Levitus_etal 1994
iriref:Conkright etal1994
iriref:Levitus_Boyer1994a

iridl:hasReferenceDocumentation - -
iriref:Levitus_Boyer1994c

iriref:Levitus_etal1994

iriref:Boyer TP
iriref:Burgett_R

iridl:hasSemantics iriref: Conkright ME

iriref:Levitus S

irid:NOAA

http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/
iridl:isContainer Of http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/ MONTHLY/

http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/.SEASONAL/
iridl:last_modified 2005-10-26T18:00:47Z

LEVITUS94: World Ocean Atlas 1994, an atlas of objectively analfzed fields of
major ocean parameters at the annual, seasonal, and monthly timgfscales.
Superceeded by WOA98. Resolution: 1x1; Longitude: global;
Depth: [0 m,5500 m]; Time: [Jan,Dec]; monthly
dc:identifier http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/

LEVITUS94: World Ocean Atlas 1994, an atlas of objectjffely analyzed fields of
major ocean parameters at the annual, seasonal, and mophly time scales.
Superceeded by WOA9S. Resolution: 1x1; Longitude: Zlobal; Latitude: global;
Depth: [0 m,5500 m]; Time: [Jan,Dec]; monthly

rss:link http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUg94/
rdfs:comment LEVITUS9%4
rdfs:label LEVITUS9%4

dc:description

rss:description

d

http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.ANNUAL/.NO3/

http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/.02/
http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/.PO4/
http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/.ANNUAL/.S102/
http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/.po4*/
http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.SEASONAL/.02/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO01/.Grid-1x1/.Annual/.an/.02/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO01/.Grid-1x1/.Annual/.an/.chlorophyll/
http://iridl.1deo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO01/.Grid-1x1/.Annual/.an/.nitrate/
http://iridl.1deo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO1/.Grid-1x1/.Annual/.an/.phosphate/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO1/.Grid-1x1/.Annual/.an/ silicate/ iridl:hasSemantics
http://iridl.ldeo.columbia.edu/SOURCES/.NOAA/NODC/.WOAO1/.Grid-1x1/.Annual/.mn/.02/
http://iridl.ldeo.columbia.edu/SOURCES/.NOAA/NODC/.WOAO1/.Grid-1x1/.Annual/.mn/.chlorophyll/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO01/.Grid-1x1/.Annual/.mn/.nitrate/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO01/.Grid-1x1/.Annual/.mn/.phosphate/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO1/.Grid-1x1/.Annual/.mn/.silicate/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/NODC/.WOAO01/.Grid-1x1/.Annual/.0a/.02/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO01/.Grid-1x1/.Annual/.oa/.chlorophyll/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/.NODC/.WOAO1/.Grid-1x1/.Annual/.oa/.nitrate/
http://iridl.Ideo.columbia.edu/SOURCES/.NOAA/NODC/.WOAO1/.Grid- 1x1/.Annual/.oa/.phosphate/

more (155/175)...

isa
iridl:dependent_variable of iridl:variable of iridl:dataset of iridl:Content of iridl:Datalibrary
http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/rdf.xml#history World Ocean Atlas CD-ROM, Levitus et al., 1994
iridl:hasDataType iridl:realarraytype
iriref:Conkright etal1994
iriref:Levitus_Boyer1994a

iridl:hasDocumentation = -
iriref:Levitus_Boyer1994c

iriref:Levitus_etal 1994
http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/rdf xmlI#X
iridl:hasIndependentVariables http://iridl.1deo.columbia.edu/SOURCES/.LEVITUS94/rdf xml#Y
http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/rdf xmI#Z
iriref:Conkright etal1994
iriref:Levitus_Boyer1994a

iridl:hasReferenceDocumentation — -
iriref:Levitus_Boyer1994c

iriref:Levitus_etal 1994
iriref:Boyer TP
iriref:Burgett_R
iriref:Conkright ME

iridl:hasSemantics iriref:Levitus S
iridl: DissolvedConcentration
iridl:NOAA
iridl:Nitrate
iridl:hasUnits iriunits:micro_mole/l
iridl:last_modified 1995-04-12T19:15:21Z
iridl:long_name Nitrate
iridl:missing_value NaN
ncb:long name Nitrate
nch:missing_value NaN
dc:identifier http://iridl.1deo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/.NO3/
dc:title LEVITUS94 ANNUAL Nitrate
rss:link http://iridl.1deo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/.NO3/
rss:title LEVITUS94 ANNUAL Nitrate
rdfs:comment LEVITUS94 ANNUAL NO3
rdfs:1abel LEVITUS94 ANNUAL NO3

As object: http://iridl.ldeo.columbia.edu/SOURCES/.LEVITUS94/.ANNUAL/.NO3/

http://iridl.Ideo.columbia.edu/SOURCES/.LEVITUS94/. ANNUAL/ liridl:isContainerOf

cf2sweet: connections between cf std. names and SWEET

MODELS
ontology for Data Library
cf convention with conceptual objects (builds on cf-att)
interprets the netcdf structure as objects (builds on netcdf-3)
basic netcdf structure
cf convention as datatype attributes
framework for describing Data Library functions
ontology for bibliography (close to BibTeX)
framework for place names
includes GCMD ontologies for platforms, instruments, and keywords
Data Library semantics
basic term ontology (used by search interface)
ontology of cf standard names only (MMI CF ontology)
wrapper around the SWEET ontology

OBJECTS

individual Data Library functions

makes statements about the Data Library maproom

list of bibliographic references

list of place names
makes statements about the Data Library maproom
populated SWEET ontologies from NASA
list of maps and map attributes in the Data Library maproom

Summary

RDF as a framework for working with metadata has
some 1mportant features

1) It naturally handles multiple metadata standards
and thus avoids the impossible task of a preordained
metadata standard that encompasses everything.

2) It provides a framework for structuring non-
standard metadata, thus facilitating the process of

new concepts becoming standard concepts.

3) Potential for making implicit data conventions
explicit

4) Explicit conventions lead to interoperability
because statements can be used 1n a new context

5) Simple RDF concepts lead to a sophisticated search




