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Motivation
• Context: A general belief that there is a convergence on standards for 

interoperability components, including catalogs, vocabularies, services and 
information models. The application of ontologies to provide semantics for this 
interoperability has been an active area of research in several disciplines including 
the GeoSciences where it now plays a central role in tackling the problems of 
semantic heterogeneity.

• Perception: In an era of Big Data and Big Science diverse GeoScience data are 
increasingly being collected across many domain areas and wide spatial scales. 
– Increasingly interdisciplinary work requires some way of efficiently handling system, service and 

data heterogeneity.  Valid and formal semantics is perceived to be a way of addressing these 
challenges.

– The GeoSciences are broadly defined to include not only the Earth Sciences but also 
geographically distributed sensor networks, such as air traffic control and power grids.

• Motivation: Report on activities such as NSF’s EarthCube that feature different 
GeoScience domains working on semantic interoperability issues to promote 
understanding of the state of the art across different approaches and what 
challenges remain:
– What are the ranges of GeoScience ontologies used across the domain?
– How have ontologies been enhanced and expanded for use and reuse?
– What issues of knowledge building and reuse have been noted?
– What new standards might be expected?
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We take Motivation from Efforts like 
EarthCube

EarthCube is 
• a holistic approach to advancing cyberinfrastructure (CI) for the geosciences 

toward the ultimate goal of catalyzing scientific breakthroughs and 
accelerating new discoveries in ways previously unimagined. 

EarthCube aims to 
• infuse emerging practices and technological innovations in digital scholarship, 

data science and analytics, data and software stewardship, and open 
science, into basic research in the geosciences. 

Critical goals for EarthCube are: 
•  integration across scientific communities that share common 

cyberinfrastructure needs and challenges in the geosciences; 
•  integration of geoscience communities with computer, information, and 

engineering science communities; 
•  integration of multi-disciplinary data, models, and software tools; 
•  integration of existing cyberinfrastructure resources, capabilities, and 

expertise with new technologies and emerging practices of digital scholarship.
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Many Scientific Goals Require Semantic 
Descriptions

• characterize the key processes, 
interactions, causations, and feedbacks 
operating at and across different temporal 
and spatial scales within physical, 
chemical, and biological domains
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Inserting Semantics into Service Architectures
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"Digital Ecosystem“ Concept

• “The ‘Digital Ecosystem’ is a concept with the purpose 
for analyzing and modelling the ability of infrastructure 
to maintain the usefulness of digital objects.

•  A digital ecosystem consists of all the entities and 
relations influencing or necessary for a successful use 
at a later point in time.”
– PERICLES workshop (London 15 October 2015) - Digital 

Ecosystem Model
– http://www.slideshare.net/PERICLES_FP7/pericles-

workshop-london-15-october-2015-digital-ecosystem-model
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Vision of Semantic-based Processing 
Networks as a Ecosystem(s)

• In general use an ecosystem is a complex network or 
community of an interconnected and interacting system 
of components.
– In that sense an ecosystem is a community or combination of 

living and non-living things/sub-systems that work together.

• There is also the idea that an ecosystem functions in 
some way as a whole with rich interactions and 
feedbacks from its sub-parts. 
• This dynamic component interaction is a vision used to characterize 

some aspect of the network of semantic development for networked 
components like sensor networks and the Internet of Things and how 
such semantic-based systems may employ richer connects to work 
together and evolve or time to make a balanced, effective & efficient  
system. 

7



Levels of Conceptual Interoperability 
Model (LCIM)
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Wang-Tolk- Wang (2003) proposed LCM ) to evaluate the Capacity of 
Interoperability for a system/framework/conceptual design. 



Mission Statement
• Semantic technologies, early ontologies such as SWEET and SSN along with 

various controlled vocabularies, OGC standards & ISO19115 metadata 
standard have played a major role in SI and are increasingly being applied as 
regular parts of projects.

• But a challenge remains harmonizing differing vocabularies and associate 
ontologies particularly for new uses & application across a wide range of 
domains .

• Do we have ontologies that are robust enough for standard use?
• Are existing ontologies easily extensible? 

– How can we achieve commonality and reuse in a timely manner and with 
manageable resources remain key ingredients for practical development of quality 
and interoperable ontologies. 

• What deep semantics are needed?
• How can we reduce the burden of creating new ontology from start and how 

do we frame the reuse of existing ontologies?
• What is the role of modular approaches to ontology design?.  
• Working with various researchers this track will look at these and other issues 

and explore possible solutions. 9



Approach & Track Plan
1. We  have enlisted  a variety of practitioners and researchers to discuss SI issues and 

problems in the GeoSciences, and present their efforts and experiences to address these.  
As context, specific examples of ontology development and application will be presented for 
efforts such as supported by NSF’s EarthCube Projects. 

2. The goal is to have a diverse set of speakers across GeoScience domains that involve 
geographically distributed sensor networks, from both the research and application arenas, 
and to stimulate email discussion within the broader Ontology Summit community.

3. Reference and possibly build on past Ontolog mini series (e.g. The O&M ontology) 
Ontology Summits (for example, the Big Data and Ontology ReUse  Summits) as well as 
connect to other tracks in the 2016 Summit.

3. Promote discussion of track session topics on the Ontolog/Summit forum both before and 
after sessions and leading up to the face-to-face meeting

4. Work with our speakers and the attending community to distill the virtual meeting topics to a 
useful synthesis and summarize this to prepare for the face-to-face symposium meeting.

5. Help add to and refine the final communique.
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Track Sessions Plan

Session 1 – Feb. 25th, 2016

1. Brief overview of GeoScience and SI  Gary Berg-Cross

2. Brandon Whitehead (University of Auckland, 
Auckland) Broad and deep view of semantics in 
GeoScience together with a listof issues

3. Ruth Duerr (BCube) Semantics and the discovery and 
use of data and data services

4. Adila Krisnadhi (Wright State) Dealing with semantic 
heterogeneity in data integration using modular ontology 
patterns

5. Matthew Mayernik (UCAR) Building Geoscience 
Semantic Applications Using Established Ontologies

11



Track Sessions Plan

• Email conversations following from Session 1
– Flesh out the issues and possible approaches
– Get some alternative viewpoints on the table

• Session 2 – March 31, 2016
– Broaden the scope to include both Earth 

Sciences and other sensor network 
communities.

• After Session 2: Participate in the synthesis of 
the tracks and contribute to the communique. 
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Contributions

• Track champions will develop and carry out the 
previously described plan as well as contribute 
their experience in this area, recruit speakers, 
facilitate running of the track session and help 
to promote useful discussions.

• Track champions will look for prior statements 
of the problem and possible solutions, both 
from earlier Ontology Summits and in the 
literature 
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Selected Session 1 Speaker Bios

● Adila Krisnadhi is a postdoctoral researcher at the Data Semantic Lab 
of Wright State University. He obtained a PhD from Wright State 
University in 2015 under supervision of Dr. Pascal Hitzler. He is 
currently involved as an ontology engineer in the GeoLink project, 
which is an NSF-funded EarthCube building block collaborative project 
involving several US ocean science data repositories. His research 
interests are in the area of ontology engineering, ontology patterns, 
and knowledge representation in general.

● Matt Mayernik is a Project Scientist and Research Data Services 
Specialist in the National Center for Atmospheric Research (NCAR) 
Library. His work is focused on research and service development 
related to scientific data curation. His research interests include 
metadata practices and standards, data citation and identity, and social 
and institutional aspects of research data. He received his Master's 
and Ph.D. from the UCLA Department of Information Studies.



Some References for Session 1
1. EarthCube Key Documents & Semantic Efforts: http://

semanticommunity.info/Data_Science/EarthCube_Data_Science_Public
ations/Key_Documents

2. Semantics and Ontologies For EarthCube 
http://geog.ucsb.edu/~jano/earthcube_paper.pdf 

3. Semantic Aspects of EarthCube 
http://www.academia.edu/10536266/Semantic_Aspects_of_EarthCube

4. BCube team & the use of brokering technologies http://
earthcube.org/group/bcube

5. GeoLink to develop Semantic Web components that support discovery 
and reuse of data and knowledgehttp://earthcube.org/group/geolink

6. EarthCollab & Semantic Connections bringing  information together from 
multiple sources, to identify relevant data sets, people, or tools 
http://earthcube.org/group/earthcollab

7. Deep Semantics in the Geosciences: semantic building blocks for a 
complete geoscience, Whitehead & Gehegan https://
www.researchgate.net/publication/234082786_Deep_Semantics_in_the
_Geosciences_semantic_building_blocks_for_a_complete_geoscience 15
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