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Overview

» Knowledge engineering in environmental science
» Environmental research infrastructure (ERI)
Knowledge-based ERI

Using Semantic Web technologies
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Knowledge engineering
in environmental science
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Advancing ecological research with
ontologies

Joshua S. Madin'?, Shawn Bowers®, Mark P. Schildhauer' and Matthew B. Jones’

" National Center for Ecological Analysis and Synthesis, University of California, Santa Barbara, CA 93101, USA
2Department of Biological Sciences, Macquarie University, New South Wales 2109, Australia
3UC Davis Genome Center, University of California, Davis, CA 95616, USA

Ontologies have assisted other disciplines (e.g. molecular biology);
ecology can benefit from similar approaches

Ambiguous terminology prevents incorporating data
into broader-scale studies
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Short Note

An ontology for landscapes

Christopher A. Lepczyk ®*, Christopher J. Lortie b, Laurel J. Anderson®

2 Department of Forest Ecology and Management, University of Wisconsin-Madison, Madison, WI 53706, USA
®Biology Department, York University, 4700 Keele St., Toronto, ON, 3] 1P3 Canada
©Department of Botany/Microbiology, Ohio Wesleyan University, Delaware, OH 43015, USA

Few concepts in ecology convey such a wide range
of meanings as the term landscape

Different usage by scientists creates linguistic uncertainty
and hinders automated synthesis of datasets
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Building a volcano-domain ontology

Volcdn de Colima, México, case study

JRG Pulido?, MA Aréchiga

2 Faculty of Telematics, University of Colima, México,
Jjrgp@ucol.mx

b Faculty of Telematics, University of Colima, México,
mandrad@ucol.mx

Semantify large volume seismic data such that software agents can
carry out inference and forecasting

Use data mining (SOM) to extract taxonomy for volcanic events
(eruptions, tremors, ...) represented in OWL
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An ontology for describing and synthesizing ecological
observation data

Joshua Madin®®*, Shawn Bowers®, Mark Schildhauer®, Sergeui Krivov<,
Deana Pennington®, Ferdinando Villa®

“National Center for Ecological Analysis and Synthesis, University of California, Santa Barbara, California 93101, USA
®Genome Center, University of California, Davis, California 95616, USA

“Gund Institute for Ecological Economics, University of Vermont, Burlington, Vermont 05405, USA

“University of New Mexico, Albuquerque, New Mexico 87131, USA

“Department of Biological Sciences, Macquarie University, New South Wales 2109, Australia

Details of observational data are not recorded;
contextual information is implicit

Extensible Observation Ontology (OBOE) for capturing semantic
information of observational datasets



An Ontological Representation of Time Series
Observations on the Semantic Sensor Web

Cory A. Henson', Holger Neuhaus’, Amit P. Sheth', Krishnaprasad Thirunarayan’,
and Rajkumar Buyya®

! Kno.e.sis Center, Department of Computer Science and Engineering
Wright State University, Dayton, OH 45435, USA
{cory, amit } @knoesis.org

2 CSIRO Tasmanian ICT Centre
GPO Box 1538, Hobart, TAS, 7001, Australia
holger.neuhaus@csiro.au

3 GRIDS Lab, Department of Computer Science and Engineering
University of Melbourne, Australia
raj@csse.unimelb.edu.au

OGC O&M facilitates syntax-level integration
but lacks the ability of semantic-level integration

Early work toward W3C SSN ontology
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Contents lists available at ScienceDirect

Environmental Modelling & Software
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Review

Modelling with knowledge: A review of emerging semantic approaches to
environmental modelling

Ferdinando Villa®*, loannis N. Athanasiadis®, Andrea Emilio Rizzoli®

*Ecoinformatics Collaboratory, Gund Institute for Ecological Economics and Department of Plant Biology, University of Vermont, 617 Main Street, Burlington, VT, USA
Pistituto Dalle Molle di Studi sullintelligenza Artificiale, Lugano, Switzerland

The understanding of an environmental system is usually implicit to
models; it resides outside model specification and implementation

This severely limits the options in reusing environmental models



Combining OWL with RCC for Spatioterminological
Reasoning on Environmental Data

Rolf Griitter and Bettina Bauer-Messmer

Swiss Federal Institute WSL, An Institute of the ETH Board,
Zircherstrasse 111, 8903 Birmensdorf, Switzerland
{rolf.gruetter, bettina.bauer} @wsl.ch

Spatial relations between regions can be computed geometrically (GIS)

How to make the resulting qualitative spatial relations
accessible to a logic formalism

Process queries that combine thematic and spatial aspects



Transactions in GIS, 2003, 7(3): 371-391

Research Article

The Role of Knowledge Representation
in Geographic Knowledge Discovery:
A Case Study

Jeremy Mennis Donna ] Peuquet
Department of Geography Department of Geography
University of Colorado, Boulder The Pennsylvania State University

We suggest that geographic data models that support knowledge
discovery must represent both observational data and derived
knowledge

Hierarchy of storm types (expert knowledge) is formally represented
(within a database context) to extract instances of storms from
observational data
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EN\/ R | Common Operations of
Environmental Research Infrastructures
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Knowledge-based
ERI



Knowledge

interpreted symbol structures

A

Information
interpretation

Information

interpreted symbols
and symbol structures

A

Data
interpretation

Data

uninterpreted symbols

Aamodt and Nygard (1995) Data & Knowledge Engineering 16(3):191-222 (Adapted)



Knowledge acquisition Knowlédge prog¢essing

Knowjedge curation

ledge agcess
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Stocker et al. (2015) Earth Science Informatics, doi:10.1007 /512145-015-0230-6
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Using
Semantic Web technologies
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Applications
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Result

Day Event class
15.06.2014 I
16.06.2014 0
17.06.2014 3
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A knowledge-based ERI would ...

» Support the researcher in data analysis

» Automated assessment of event class
» Allow for curation (review) of its assessment

> Relate contextual information
» Date, event class, location, plot, other event attributes
> Create a knowledge object
» Represent knowledge object
» According to a formal vocabulary (ontology)
» Using suitable data formats (e.g. RDF)
» Manage and process knowledge objects

» Persist knowledge objects (knowledge base)
» Support access to knowledge objects
» Reasoning to infer new knowledge (rules)

N'A niversiy or
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Relation

Acute outbreak
Pest protection

Start date

End date

Relation
Acute outbreak

Relevant individual
it

Drechslera tri

:00:00 GMT+0300 (EEST)
Fri May 30 2014 00:00:00 GMT+0300 (EEST)
Spatial location

Pelto C

Polarity

True

Pelto C

Pelio A

Acute outbreak

5 17
May 2014

June 2

24,37968, 60.41669
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Situations

W

» Structured parts of reality
» Formalized in situation theory (Barwise, Perry, Devlin)

» Situation s is said to support (}=) infons

v

Infon ¢ is a tuple consisting of
Relation R; Objects a1, . . ., a,,; Polarity 1/0

Temporal and spatial locations, values, situations

vV V. v Vv

If polarity is 1, objects stand in the relation R

UNIVERSITY OF
EASTERN FINLAND

Objects can be physical entities in the environment, or ...

40



STO:supportedInfon

STO:polarity

STO:attributeValue

ssn:SensingDevice

rdfs:subClassOf /rdfs:subClassOf

STO:RelevantIndividual

‘ 2011-08-30T14:57:56+03:00




Take aways

v

Knowledge engineering relevant to environmental science
Environmental research infrastructures

» Interesting and challenging data-based systems

» Perhaps even more as knowledge-based systems

» Opportunities for computer science communities

Knowledge-based ERI

» Interesting application area for Semantic Web technologies

v

v

v

Is it a luxury? Who is going to fund this?
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