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Earth sciences and decision making 
• Down stream 

application for earth 
science data and 
models – informing 
decsion making 
 

• Data and models will 
have added value 
when easily 
discovered and 
accessed as useful 
resources for 
informing large-scale 
planning and decision 
making. 
 

• Need for decision 
level semantics 

Peter Fox, Earth science-Ontolog 
mini series,  2012 
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Large-scale planning and decision problems 
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Large-scale planning and decision problems 

 Characteristics of large scale planning and spatial 
decision problems 
 
• Complex 
• Involving spatial and temporal dimensions 
• Computationally demanding 
• Inherently cross domain 
• Involving interaction between natural and human systems 
• Finding spatial decision support (SDS) resources often 

faces Big Data problem  
• Where are the good datasets, tools and models 
• Which ones are most appropriate for the problem at 

hand 
• Interoperability problem among SDS resources 
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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 a common vocabulary for the user community 

• Facilitate learning in SDS 
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One solution – SDS ontology 
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… and the  SDS  

Knowledge Portal 

driven by the  

SDS ontology 

 

 

 
 



The SDS Consortium 

 

Missouri University of 
Science and Technology 
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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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Example subgraph of SDS ontology – structured 
planning process workflow, alternative ranking  step, 
weighted summation algorithm, EMDS SDS 
application, a case study, a decision problem type 15 



Follow the 
ontology hierarchy 

Follow the relation links 
from concept to concept 

Graphical browsing Br
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Searching on SDS Knowledge Portal 

Search by filtering 

Search the ontology hierarchy 

Advanced emantic search 
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From Ontologies (directly) to 
Computational Workflows 

• Ontologies are not just for conceptual clarity (though 
we love that!) and for organizing things 

• Decision support researchers and practitioners need 
them to create interoperable computational 
applications that deliver decision support for solving 
Grand Challenge planning and decision problems. 
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A planning process workflow 

1. How should the system be 
described? 
 
 

2. How does the system 
operate? 
 
 

3. Is the current ecosystem 
working well? 
 
 

4. How might the system be 
altered? 
 
 

5. What predictable differences 
might the changes cause? 
 
 

6. How should the system be 
changed? 

Steinitz’s 
framework for 
planning workflow 
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Earth sciences data and modes in planning workflow 

1. How should the system be 
described? 
 
 

2. How does the system 
operate? 
 
 

3. Is the current ecosystem 
working well? 
 
 

4. How might the system be 
altered? 
 
 

5. What predictable differences 
might the changes cause? 
 
 

6. How should the system be 
changed? 

Earth science data, 
process models, 
assessment models 

Steinitz’s 
framework for 
planning workflow 
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Which factors each stress 
causes  to overall 
population change 

The stresses caused by 
each threat 

The threats caused by 
each threat 

Which Recovery Actions 
can be introduced to abate 
the threat 

The Fish and Wildlife Service (FWS)  DTRO office identified: 

Example of Earth Science models 
-- Process model used in Desert Tortoise Recovery (DTRO) SDS, driving 

tortoise population change assessment calculation  
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Which factors each stress 
causes  to overall 
population change 

The stresses caused by 
each threat 

The threats caused by 
each threat 

Which Recovery Actions 
can be introduced to abate 
the threat 

The FWS DTRO created  this process model by creating Threat “tiles” 

9.0 13.3 0 13.1 

8.02 9.41 16.53 

11.53 13.97 40.45 0 

8 3 15 11 5 0 0 

A threat description 
based on the Threat 
design pattern 

Example of Earth Science models 
-- Process model used in Desert Tortoise Recovery SDS  
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Weed traits table: Johnson grass habitat preferences 
Elevation 0 - 6000  
Sun exposure full 
Moisture high 
Soil sandy loam 
Slope <= 20 percent 
Surface disturbance promoted 
 
 
 

habitat 
suitability 

surface   
multiply 

disturbance 
surface 

fuzzy 
membership 

elevation 
suitability 

surface 

elevation 
surface 

sun 
exposure 
suitability 

surface 

sun 
exposure 
condition 
surface 

fuzzy 
membership 

moisture 
suitability 

surface   
fuzzy 

membership 

moisture 
condition 
surface   

soil 
suitability 

surface 
Mapping 

 

soil 
condition 
surface 

slope 
suitability 

surface 
fuzzy 

membership slope 

multiply 

soil water 
retention 

levels 

annual  
rainfall 

areas 
adjacent to 

water 
features 

impervious 
surface 

upland 
contribution 

surface 

Example of Earth Science models 
-- Non-native invasive species habitat suitability assessment model 
    (Army Corp of Engineers)  
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Example of decision models 
-- Non-native invasive species  management on military installations 
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Earth science ontologies and SDS ontology 

The SDS ontology needs to reference 
the concepts and parameters defined in 
the Earth science ontologies to 
Identify the right datasets and models 
that are  
• appropriate for a specfic decision 

problem 
• Interoperable 
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Earth science ontologies and SDS ontology 

The SDS ontology currently refers to ISO 19115 for data 
topic concepts (not granular enough) 

 

 

 

 
 

ISO 19115  

Application domains 

Knowledge domains 

Data attributes 

Editorial information 

General 

Decision related 

Software system functionality 

Decision problem types 

Decision contexts 

Decision methods and techniques 

Decision process workflows 

Decision process steps 

Models and tools 

Data models 

Data sources 

Participation and collaboration People 

Organizations 

Case studies 

Literature 

Related websites 
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Earth science ontologies and SDS ontology 

The models sub ontology in SDS ontology only refers to knowledge 
domains taxonomy, but not specific concepts within Earth science 
domains – need to connect to earth science ontologies 

 

 
 
 
 

Data topics 

Application domains 

Knowledge domains 

Data attributes 

Editorial information 

General 

Decision related 

Software system functionality 

Decision problem types 

Decision contexts 

Decision methods and techniques 

Decision process workflows 

Decision process steps 

Models and tools 

Data models 

Data sources 

Participation and collaboration People 

Organizations 

Case studies 

Literature 

Related websites 
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Workflow composition guided by SDS ontology 
and Earth science ontologies 

Grand Changes 

Planning workflow 

Decision model Process models Assessment 
models 

Hydrological 
models 

Habitat suitability 
models 

… 

Implementation platform 

User’s planning problem parameters providing semantic constraints for 
lower level workflow template selection in terms of 

• Problem type, number of objectives 
• Spatial and temporal analysis unit and extent 
• Application domain, knowledge domain, concepts and 

parameters in the knowledge domain 
• … Semantic constraints for process model 

selection and data selection 

… 

Geoprocessing, and other computational workflows 

Cyberinfrastructure 
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Contact 

• Naicong Li, naicong_li@spatial.redlands.edu 
• Philip Murphy, philip_murphy@spatial.redlans.edu  
• Krzysztof Janowicz, jano@geog.ucsb.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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