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What	
  is	
  an	
  “Informa;on	
  Model?”	
  
•  Representa;on	
  of	
  concepts,	
  rela;onships,	
  constraints,	
  rules,	
  and	
  

opera;ons	
  that	
  specify	
  the	
  seman;cs	
  of	
  data	
  for	
  a	
  domain	
  of	
  discourse	
  
–  Defines	
  the	
  domain’s	
  en;ty	
  types	
  and	
  their	
  aXributes,	
  rela;onships,	
  and	
  

allowed	
  opera;ons	
  on	
  the	
  en;;es	
  
–  In	
  a	
  rela;onal	
  database	
  implementa;on,	
  en;;es	
  become	
  tables	
  and	
  their	
  

aXributes	
  become	
  table	
  columns	
  

•  Sharable,	
  stable,	
  and	
  organized	
  structure	
  of	
  informa;on	
  requirements	
  for	
  
a	
  domain	
  context	
  
–  Without	
  constraining	
  how	
  that	
  descrip;on	
  is	
  mapped	
  to	
  an	
  actual	
  

implementa;on	
  in	
  so]ware	
  
–  There	
  may	
  be	
  many	
  physical	
  implementa;ons	
  –	
  e.g.,	
  rela;onal	
  database,	
  XML	
  

schema,	
  etc.	
  

•  Cri;cally	
  important	
  to	
  the	
  effec;veness	
  and	
  interoperability	
  of	
  the	
  
cyberinfrastructure	
  



Example	
  Informa;on	
  Model	
  

•  An	
  organiza;on	
  operates	
  a	
  network	
  of	
  monitoring	
  sites	
  
•  At	
  each	
  monitoring	
  site	
  a	
  number	
  of	
  variables	
  are	
  measured	
  
•  For	
  each	
  variable	
  there	
  is	
  a	
  ;me	
  series	
  of	
  data	
  values	
  
•  Each	
  data	
  series	
  is	
  made	
  up	
  of	
  individual,	
  ;me-­‐indexed	
  values	
  that	
  are	
  

each	
  characterized	
  by	
  loca;on	
  (where	
  the	
  observa;on	
  was	
  collected),	
  
;me	
  (when	
  the	
  observa;on	
  was	
  collected),	
  and	
  variable	
  (what	
  the	
  
observa;on	
  represents)	
  



ODM	
  1.1.1	
  
Sites

(M) SiteID {PK}
(M) SiteCode
(M) SiteName
(M) Latitude
(M) Longitude
(M) LatLongDatumID {FK}
(O) Elevation_m
(O) VerticalDatum
(O) LocalX
(O) LocalY
(O) LocalProjectionID {FK}
(O) PosAccuracy_m
(O) State
(O) County
(O) Comments
(O) SiteType

DataValues
(M) ValueID {PK}
(M) DataValue
(O) ValueAccuracy
(M) LocalDateTime
(M) UTCOffset
(M) DateTimeUTC
(M) SiteID {FK}
(M) VariableID {FK}
(O) OffsetValue
(O) OffsetTypeID {FK}
(M) CensorCode
(O) QualifierID {FK}
(M) MethodID {FK}
(M) SourceID {FK}
(O) SampleID {FK}
(O) DerivedFromID
(M) QualityControlLevelID {FK}

1..1

0..*

Locate 

Variables
(M) VariableID {PK}
(M) VariableCode
(M) VariableName
(M) Speciation
(M) VariableUnitsID {FK}
(M) SampleMedium
(M) ValueType
(M) IsRegular
(M) TimeSupport
(M) TimeUnitsID {FK}
(M) DataType
(M) GeneralCategory
(M) NoDataValue

0..*

1..1

C
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ct
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iz
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Sources
(M) SourceID {PK}
(M) Organization
(M) SourceDescription
(O) SourceLink
(M) ContactName
(M) Phone
(M) Email
(M) Address
(M) City
(M) State
(M) ZipCode
(M) Citation
(M) MetadataID {FK}

1..1

0..*

 Generate

SpatialReferences
(M) SpatialReferenceID {PK}
(O) SRSID
(M) SRSName
(O) IsGeographic
(O) Notes 0..*

1..1

RefLatLong 

Qualifiers
(M) QualifierID {PK}
(O) QualifierCode
(M) QualifierDescription

0..1

0..*

 Qualify

OffsetTypes
(M) OffsetTypeID {PK}
(M) OffsetUnitsID {FK}
(M) OffsetDescription

Groups
(M) GroupID {FK}
(M) ValueID {FK}

Samples
(M) SampleID {PK}
(M) SampleType
(M) LabSampleCode
(M) LabMethodID {FK}

Methods
(M) MethodID {PK}
(M) MethodDescription
(O) MethodLink

LabMethods
(M) LabMethodID {PK}
(M) LabName
(M) LabOrganization
(M) LabMethodName
(M) LabMethodDescription
(O) LabMethodLink

ISOMetadata
(M) MetadataID {PK}
(M) TopicCategory
(M) Title
(M) Abstract
(M) ProfileVersion
(O) MetadataLink

QualityControlLevels
(M) QualityControlLevelID {PK}
(M) QualityControlLevelCode
(M) Definition
(M) Explanation

0..*

1..1 DescribeSource

1..1

0..*

 Create

1..1

0..*


 S

pecifyQ
ualityO

f

0..*

0..1

 ResultIn

1..1

0..*  Analyze

0..1

0..*

OffsetLocationOf 

GroupDescriptions
(M) GroupID {PK}
(O) GroupDescription

1..1

0..*  Describe

Units
(M) UnitsID {PK}
(M) UnitsName
(M) UnitsType
(M) UnitsAbbreviation

1..1

0..*

DescribeVariableUnits 

1..1 0..*

DescribeOffsetUnits 

1..1

0..*

DescribeTimeUnits 

1..1
0..*ReferenceLocalCoords 

DerivedFrom
(M) DerivedFromID {FK}
(M) ValueID {FK}

1..*

0..*

AreDerivedFrom 

Data SourcesMonitoring Site Locations

Data Collection Methods

Data Qualifiers

Variables

Value Grouping

Observation Values

1..*

0..*

 Group

SeriesCatalog
(P) SeriesID {PK}
(P) SiteID {FK}
(P) SiteCode
(P) SiteName
(P) SiteType
(P) VariableID {FK}
(P) VariableCode
(P) VariableName
(P) Speciation
(P) VariableUnitsID {FK}
(P) VariableUnitsName
(P) SampleMedium
(P) ValueType
(P) TimeSupport
(P) TimeUnitsID {FK}
(P) TimeUnitsName
(P) DataType
(P) GeneralCategory
(P) MethodID {FK}
(P) MethodDescription
(P) SourceID {FK}
(P) Organization
(P) SourceDescription
(P) Citation
(P) QualityControlLevelID {FK}
(P) QualityControlLevelCode
(P) BeginDateTime
(P) EndDateTime
(P) BeginDateTimeUTC
(P) EndDateTimeUTC
(P) ValueCount

Categories
(M) VariableID {FK}
(M) DataValue
(M) CategoryDescription

Categorical Data

1..1

0..*
C

haracterizeC
ategorical
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ODMVersion
(M) Version Number

TopicCategoryCV
(M) Term
(O) Definition

VariableNameCV
(M) Term
(O) Definition

SampleMediumCV
(M) Term
(O) Definition

ValueTypeCV
(M) Term
(O) Definition

DataTypeCV
(M) Term
(O) Definition

GerneralCategoryCV
(M) Term
(O) Definition

SpeciationCV
(M) Term
(O) Definition

SiteTypeCV
(M) Term
(O) Definition

CensorCodeCV
(M) Term
(O) Definition SampleTypeCV

(M) Term
(O) Definition

1..1

0..*  DefinesCV

1..10..*  DefinesCV

1..1
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1..1

0..*

DefinesCV 

1..1

0..*

DefinesCV 

1..1

0..*

DefinesCV 

1..1

0..*
DefinesCV 

1..1

0..*

DefinesCV 

1..1

0..*

DefinesCV 

Units Offsets

Table
(M) Field cannot be null
(O) Field can be Null

Controlled Vocabulary
(M) Field cannot be null
(O) Field can be Null

ODM VersionDiagram Key
Cardinality

1..1 One and only one
1..* One or many
0..* Zero or many
0..1 Zero or one

VerticalDatumCV
(M) Term
(O) Definition

1..1

0..*
DefinesCV 

1..1
0..*DefinesCV 



WaterML	
  1.1	
  



Some	
  Limita;ons	
  of	
  ODM	
  1.1.1	
  

•  ODM	
  supports	
  only	
  point-­‐based	
  observa;ons	
  
•  ODM	
  doesn’t	
  support	
  sample-­‐based	
  data	
  well	
  
•  Not	
  all	
  of	
  the	
  structure	
  of	
  ODM	
  is	
  required	
  for	
  
each	
  type	
  of	
  data	
  

•  Versioning	
  and	
  provenance	
  of	
  data	
  can	
  be	
  
difficult	
  in	
  ODM	
  

•  The	
  central	
  DataValues	
  table	
  doesn’t	
  support	
  
every	
  func;onal	
  use	
  case	
  (e.g.,	
  metadata	
  
catalog)	
  



Another	
  Informa;on	
  Model	
  Example	
  

Xianzeng	
  Niu,	
  Jennifer	
  Z.	
  Williams,	
  Doug	
  Miller,	
  Kers;n	
  Lehnert,	
  Brian	
  Bills,	
  Susan	
  L.	
  Brantley,	
  (2013),	
  An	
  Ontology	
  Driven	
  Rela;onal	
  Geochemical	
  
Database	
  for	
  the	
  Earth's	
  Cri;cal	
  Zone:	
  	
  CZchemDB,	
  SubmiXed	
  to	
  Journal	
  of	
  Environmental	
  Informa1cs.	
  	
  



Overarching	
  Goals	
  for	
  ODM2	
  Project	
  

•  Create	
  an	
  informa(on	
  model	
  that	
  is	
  
integra(ve	
  and	
  extensible	
  
– Accommoda;ng	
  a	
  wide	
  range	
  of	
  observa;onal	
  
data	
  

– Aimed	
  at	
  achieving	
  interoperability	
  across	
  
mul;ple	
  disciplines	
  and	
  systems	
  that	
  support	
  
publica;on	
  of	
  earth	
  observa;ons	
  

•  Allow	
  a	
  diverse	
  range	
  of	
  geoscience	
  
observa;ons	
  to	
  be	
  consistently	
  shared,	
  
discovered,	
  accessed,	
  and	
  interpreted	
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Informa;on	
  Model	
  

Storage	
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ODM2	
  -­‐	
  Core	
  
•  Observa8ons	
  
•  Features	
  
•  People	
  
•  Organiza;ons	
  
•  Methods	
  
•  Variables	
  
•  QCLevels	
  
•  Units	
  



ODM2	
  Observa;ons	
  

Open	
  Geospa;al	
  Consor;um	
  Observa;ons	
  &	
  
Measurements	
  –	
  2	
  Types	
  of	
  observa;ons	
  
1.  Observa;ons	
  whose	
  result	
  is	
  constant	
  
2.  Observa;ons	
  whose	
  result	
  varies	
  with	
  space	
  

or	
  ;me	
  

•  Separate	
  the	
  concept	
  of	
  an	
  “observa;on”	
  and	
  
its	
  “result”	
  



ODM2	
  Observa;ons	
  

Observa;ons	
  whose	
  result	
  is	
  constant	
  
•  Measurements	
  
•  Category	
  observa;ons	
  
•  Count	
  observa;ons	
  
•  Truth	
  observa;ons	
  
•  Temporal	
  observa;ons	
  
•  Geometry	
  observa;ons	
  

Observa;ons	
  whose	
  result	
  varies	
  in	
  
space	
  and/or	
  ;me	
  
•  Time	
  series	
  coverage	
  
•  Point	
  coverage	
  
•  Profile	
  coverage	
  



ODM2	
  Sensor	
  Extension	
  

Site	
  visits	
  

Equipment	
  

Field	
  ac;vi;es	
  

•  Loca;on	
  
•  Date	
  
•  People	
  
•  Condi;ons	
  

•  Ac;vity	
  type	
  
•  Descrip;on	
  
•  Date	
  

•  Model	
  
•  Serial	
  number	
  
•  Owner	
  
•  Vendor	
  
•  Manufacturer	
  
•  Service	
  history	
  

Deployments	
  

•  Deployment	
  type	
  
•  Descrip;on	
  
•  Dates	
  
•  Offsets	
  

Calibra;ons	
  

•  Method	
  	
  
•  Standard	
  

Time	
  Series	
  
Observa;ons	
  



ODM2	
  Sensor	
  Extension	
  





ODM2	
  Samples	
  Extension	
  
Sample	
  collec;on	
   Sample	
  splipng	
   Sample	
  processing	
   Sample	
  analysis	
  

Sample	
  analyses	
  result	
  in	
  observa;ons	
  

•  Sample	
  type	
  
•  Loca;on	
  /	
  sampled	
  feature	
  
•  Collec;on	
  method	
  
•  Date	
  
•  People	
  
•  Preserva;on	
  
•  Iden;fiers	
  
•  Sampled	
  medium	
  

•  Sample	
  hierarchy	
  
•  Parent/child	
  rela;onships	
  

•  Prepara;on	
  method	
  
•  Processing	
  method	
  
•  People	
  

•  Analy;cal	
  method	
  
•  Instrument	
  
•  People	
  
•  Date	
  



ODM2	
  Samples	
  Extension	
  



ODM2	
  Features	
  Extension	
  



Linking	
  Observa;ons	
  to	
  the	
  Geo-­‐Environment	
  



Provenance	
  and	
  Annota;ons	
  
Extensions	
  

•  BeXer	
  support	
  for	
  
storing	
  provenance	
  
of	
  observa;onal	
  data	
  

Annota;ons	
  

Versions	
  and	
  Provenance	
  



General	
  Extensibility	
  

•  Ability	
  to	
  add	
  
extension	
  proper;es	
  
to	
  any	
  en;ty	
  



Impact	
  

•  BeXer	
  support	
  for	
  sample	
  based	
  data	
  in	
  CUAHSI	
  
HIS,	
  HydroShare,	
  and	
  related	
  tools	
  

•  Support	
  for	
  and	
  integra;on	
  of	
  sensor	
  and	
  
sample-­‐based	
  data	
  in	
  the	
  Cri;cal	
  Zone	
  
Observatory	
  Integrated	
  Data	
  Management	
  
System	
  (CZOData)	
  

•  Poten;al	
  adop;on	
  of	
  ODM	
  within	
  EarthChem	
  
•  Providing	
  context	
  and	
  guidance	
  for	
  future	
  
WaterML	
  2.0	
  development	
  (water	
  quality	
  
samples)	
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