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Spatial decision support is the computational or 
informational assistance for making better informed 
decisions about problems with a geographic or spatial 
component. This support assists with the development, 
evaluation and selection of proper policies, plans, 
scenarios, projects, interventions, or solution strategies. 

The SDS Consortium, 2008

Definition of spatial decision support
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Need for formalizing the knowledge in SDS

• Registration, automatic discovery and access of SDS resources (e.g. 

workflow templates, methods and algorithms, models and tools, 

data, cases studies)

• Encourage modular, reusable models and tools development

• Facilitate interoperability among models and tools

• Automatic workflow composition and orchestration

• Provide framework for science-based social decision making, 

integrating workflow with human and machine steps, methods, 

tools

• Provide a common vocabulary for the user community

• Facilitate learning in SDS
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Solution – ontology driven SDS Knowledge Portal

4http://www.spatial.redlands.edu/sds/
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Content of the SDS ontology

• Planning/decision problem types

• Planning process workflows and steps

• Strategies, methods and techniques that are commonly 

associated with different workflow steps

• Models and tools supporting spatial planning

• Data sources supporting spatial planning

• Spatial planning/decision support case studies

• Related concepts supporting the descriptions of the 

above
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Spatial planning and decision problem types
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Spatial planning workflows
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Steps in a spatial planning workflow
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Methods, techniques, algorithms
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Software models, tools, services
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Case studies
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Follow the 
ontology hierarchy

Follow the relation links 
from concept to concept
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Searching on SDS Knowledge Portal

Search by filtering

Search the ontology hierarchy

Advanced semantic search
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Architecture of the SDS Knowledge Portal
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Architecture of the SDS Knowledge Portal
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Example subgraph of SDS ontology – structured 
planning process workflow, alternative ranking  step, 
weighted summation algorithm, EMDS SDS 
application, a case study, a decision problem type16



Design considerations of the SDS ontology

• Modularity -- more than 40 sub ontologies (in OWL)
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Models and tools

Data models

Data sources

Participation and collaboration People

Organizations

Case studies

Literature

Related websites
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Design considerations of the SDS ontology

• Modularity – allowing concepts in more specific 
ontologies refer to concepts in more general ontologies 
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Design considerations of the SDS ontology

• Modularity – Allowing easy import of well-established 
3rd party ontologies
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Design considerations of the SDS ontology

• Modularity – Allowing easy import of well-established 
3rd party ontologies

ISO 19115 
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Design considerations of the SDS ontology

• Degree of formalization -- Determined by user’s need of 
search and navigation 

E.g.  for “models and tools”:
• name
• acronym
• summary
• overview
• toolmaker
• decision problem types targeted
• decision process steps supported
• methods and techniques implemented
• used in case studies
• analysis extent
• analysis unit
• data models used
• application areas
• knowledge domains
• indicators used
• supports analysis of interdisciplinary 

interactions

• supports multi spatial scale 
analysis

• supports social negotiation
• input, output data type
• Input, output data format
• description of system components
• software required
• platform
• scientific expertise level required
• technical expertise level required
• developer support needed
• development status
• online download available
• cost
• information source 21



• Choice of relation types – based on best practice and the 
purpose

• Identify a minimal set of subclasses and superclasses

• Express other facts using non- taxonomic relations or 
attributes

• Dynamically generate extra taxonomic relations out 
of non-taxonomic relations based on the user’s 
browsing need

Design considerations of the SDS ontology
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• Automatic generation of multiple taxonomic relations

Design considerations of the SDS ontology

E.g.  for “models and tools”:
• name
• acronym
• summary
• overview
• toolmaker
• decision problem types targeted
• decision process steps supported
• methods and techniques implemented
• used in case studies
• analysis extent
• analysis unit
• data models used
• application areas
• knowledge domains
• indicators used
• supports analysis of interdisciplinary 

interactions

• supports multi spatial scale 
analysis

• supports social negotiation
• input data format
• output data type
• description of system components
• software required
• platform
• scientific expertise level required
• technical expertise level required
• developer support needed
• development status
• online download available
• cost
• information source

23



Design considerations of the SDS ontology

• Automatic generation of multiple taxonomic relations
• Identify a minimal set of subclasses and superclasses

• Express other facts using non-taxonimc relations or attributes

• Dynamically generate extra taxonomic relations out of non-
taxonomic relations based on the user’s browsing need

E.g.  for “models and tools”:
• name
• acronym
• summary
• overview
• toolmaker
• decision problem types targeted
• decision process steps supported
• methods and techniques implemented
• used in case studies
• analysis extent
• analysis unit
• data models used
• application areas
• knowledge domains
• indicators used
• supports analysis of interdisciplinary 

interactions

• supports multi spatial scale 
analysis

• supports social negotiation
• input data format
• output data type
• description of system components
• software required
• platform
• scientific expertise level required
• technical expertise level required
• developer support needed
• development status
• online download available
• cost
• information source
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Design considerations of the SDS ontology

• Leveraging logical relations in search and navigation
• Subsumption relation, e.g.

Find a tool that implements sensitivity analysis:

 return all the subclasses of sensitivity analysis 
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Design considerations of the SDS ontology

• Leveraging logical relations in search and navigation
• Subsumption relation, e.g.

Find a tool that implements sensitivity analysis:

 return all the subclasses of sensitivity analysis 

• Inverse relation, e.g.

“Tool X implements Method A”

 “Method A is-implemented-by Tool X”

• Transitive relation
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Timeline and future work

Work started

1st SDS 
ontology 
expert 
workshop

2nd expert 
workshop

SDS 
Consortium

1st version 
of the Portal

2007 2008 2009 2010 2011 2012 2013

Continued ontology content 
development

2nd version 
of the Portal

Ontology 
services via 
SPARAL 
query

Domain 
knowledge 
ontology 
development

Collaborative 
ontology 
editing?

Advanced
semantic 
reasoning?
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Contact

• Naicong Li, naicong_li@spatial.redlands.edu

• Philip Murphy, philip_murphy@spatial.redlans.edu

See also:

• www.spatial.redlands.edu/sds

• Li, N., Raskin, R., Goodchild, M. and Janowicz K. (2012) An 

Ontology-Driven Framework and Web Portal for Spatial 

Decision Support. Transactions in GIS 16(3): 313-329.
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