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Data challenges in 
the environmental sciences 

- multidisciplinary data: ecology, genomics, 
climatology, hydrology, soil, etc.

- many data formats, many different types of 
measurements: huge heterogeneity

- synthetic, integrative science
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- How to discover and interpret data needed for
 integrative, synthetic environmental science? 

- metadata and keywords are not enough:
ambiguous, idiosyncratic

- controlled vocabularies: a good start, but can do 
more with today’s technology

- *ontologies:  based on Web standards, provide 
power of inferencing
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Observations & Measurements

Many environmental data sets are stored in 
tables (relations):   

columns contain some consistent measurement 
type, rows represent multiple recorded values of 
those measurements, and are associated in a 
tuple due to some “contextual” (Plot contains 
Plant) or other relationship (Biomass and Height 
of same Plant)

Must accommodate table structures!

...but also vectors, rasters, matrices, more...
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How to use the SONet core model?

- Data annotation tool

- OM query language

- OM framework for data discovery
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Morpho

- documents ecological data through formal metadata

- based on Ecological Metadata Language (EML)-- 
XML-schema

- local and network storage and querying

- supports attribute-level descriptions of tabular data

- originally developed under NSF-funded KNB project
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Semtools

Extends Morpho codebase

- builds on existing rich metadata corpus (KNB)

- semantic annotation of data through metadata

- map attribute-level metadata descriptions to 
observation model

- uses core model defined by SONet

- access domain ontologies through OBOE

- semantic querying
A
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Open Data Annotation Frame
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Semantic Annotation

Apply semantic annotation to data attribute of

“veg_plant_height”

- Characteristic (Height)

- Entity (Plant)

- Standard (Meters)

term from Observation Ontology (OBOE.OWL)
term from Domain Ontology (Plant-trait.OWL)
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Semantic Annotation
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Query Precision

Keyword-based search

- “kelp”

- 3 data sets found

Observational semantics-based search

- Entity=”kelp”

- 1 data set found
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Query Precision, & Annotation Refinement
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Query Expansion

Entity=Kelp AND Characteristic=DryMass

- 1 record 

- Macrocystis is subclass of Kelp

Entity=Kelp AND Characteristic=Mass

- 2 Records

- DryMass is subclass of Mass
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Query Expansion
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Query by Observation

Measurements are from same sample instance

Entity=Kelp 

AND 

Characteristic=DryMass 

AND 

Characteristic=WetMass

Monday, July 19, 2010



Query by Observation
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Load Ontology

Load custom OBOE-compatible ontology

- Santa Barbara Coastal LTER ontology

- Plant Trait Ontology

- Others
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Load and Use Multiple Ontologies
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Future Directions

- Continue building corpus of data to annotate

- Refine “design patterns” for observation 
compliant domain ontologies

- Align/integrate ontologies at common points

- Mass, units

- Iterate design for annotation interface

- Stronger inferencing:  measurement types, 
transitivity along properties (e.g., partonomy), 
data “value-based” querying

- Semi-automated aggregation, integration
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