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Definition of spatial decision support

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



Need for formalizing the knowledge in SDS

e 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



CONCEPTS RESOURCES ABOUT CONTACT

Solution — ontology driven SDS Knowledge Portal
|

Go to GeoDesign Portal @

Welcome to the Spatial Decision Support Knowledge Portal — your portal to knowledge,

information and resources for your planning and spatial decision making needs.

The SDS Knowledge Portal can help you:

gain a systematic understanding of planning and decision making process

find relevant methods, tools and models, data sources, literature, and other useful
resources for your specific planning/decision making problem type in your application
domain

O learn about case studies with project needs similar to yours.
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Explore the Ontology

Infroduction

patial Planning And Decision Problem Types
Flanning/Decision Context

lanning And Spatial Decision Process
Methods And Technigues

|+ Technology

Data And Domain Knowledge

Feople And Participation

Resources

What’'s New

= New Portal architecture and user interface

= The Portal content is dynamically updated via ontology web
services

= Concepis pages now have individual URLs

= |Initial version of graphical browsing of concepts

= MNew interface for searching SDS resources

= Many content updates

Quick Tips for Getting Started

Browse the SDS Ontology graph on the left
= Click on a node to jump to the content of that node
» Pan tn cea tha rect nf the aranh


http://www.spatial.redlands.edu/sds/

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



Spatial planning and decision problem types
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Site Search Or Selection
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Location Allocation

Spatial allocation is primarily concerned with designating what kinds of activities can or will be done where on the lands

general matrix of parcels thai
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Schedule

Scheduling in the context of GeoDesign problems can be thought of as a special case of selection and allocation problems in which

ization problems.

Related Tools _ _ _ : o L
C-Plan temporal constraints also are important. A typical example of this type of problem is timber-harvest scheduling, in which there are
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7 Obvious examples in this realm include design of road and utility networks, which typically seek least-cost pathways that may involve

both spatial and temporal considerations. The spatial computation for this class of problem is almost always global. In addition to the

Related more conventional notion of networks in terms of roads and utilities, in conservation biology, there is also the notion of reserve networks.
Global Ser] To the extent that an analysis for reserve design explicitly treats connectivity of patches through connecting corridors, this is an apt
Sandy Rive characterization.
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Spatial planning workflows

Adaptive Natural Resource Plan

A prototypical process flow for adaptive natural resource managem
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Steinitz's Framework

Steinitz's framework is a conceptual framework proposed by Carl Steinitz (1990) to describe six levels of inquiry during a spatial decisic
process; each level is associated with a type (phase) of modeling with GIS to form a comprehensive expression of a decision support
strategy for landscape planning and design:
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Steps in a spatial planning workflow

Goto GeoDesign Portal €
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Methods, techniques, algorithms

Spatial Decision Support

Go to GeoDesign Portal e
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Software models, tools, services

Spatial Decision

HOME COMNCEPTS

Tools

See allthe tools at a glance

Filter By

decision problem type
targeted

used for application doma

domain knowledge model
area

decision process activity
supported
methods and technigues

functional components

technical expertise requir

Ecosystsm Mansgsmsnt Decision Support

o RT3 a1 OO AR BRSO
iR, o 3 e £ 3 ST e e S s OEE

The C-Plan Conserva
You can download|

E DS L T pe———
e

AR —

==KETRO

Optimizatiol
C-Whiz - Linear Programming

avtocap

Powerful Performance for Of
Making

G 115™ is  robust, desiiog-based appl
and evabiate atematives and acH

A S = St
kot o 3 w33 ean an .

Costal Langscaps ANSISIE ana Moosing Spetsm

Forest Vegetation Smuistor

IDRIS Taiga

OVERVIEW

e sy
[y

Tha T
n.corvtc o o o e e e

IDRIS Land Changs Modsisr

LAND CHANGE MODELER SOFT] the rrotcstionn o that change for bocvarat.
ARCGIS

The Land Changs Meduier % raveltinary
st 2t gt seltmase which sl

manne sz s e min e e Seswe.

Consarvation Asssssment and Priortization Spstem

CAPS: Conservati

St v 3 o

Prioritization Syst|
Home Page
| What is CAPS? |

Criterium Declsion Fius

Do L3 Yow Pock el Hodd, Bl
w d [

S [P
N e pp———
oy ol e - Mererig et of st pa
Hantorng imglementation of adopted

Inreckeced i 1194,

TPL Gresnprint

Greenprinting Servi

ars ot
= SRS S PSP
reenprinting effort.

‘Tha Trust for Pubic Land (TPL) uses

Ecospstsm Functions Mods!
HEC-EFM

g o e s g o g The SiEses
EIE

Habpizn

b

INVEST Toolbox

INVEST: | d Valua
and Tradsoffs

The Need for a New Tool
INVEST s 3 tamey of 100fs 10 map and va

1 Cracecaes, 2. £a e, i, e o csbnce, SacceEn, W e
iy sy sty
IR introduction

ST ey

Landscaps Management Systsm

= % ]



Case studies

Goto GeoDesign Portal @
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Case Studies

Filter By show all
decision problem type tools and models used

application domain location

planning/decision process start year

workflow adopted

planning/decision process end year

steps involved

Baltimore reservoirs forest conservation plan

The city of Baltimore, Maryland, used a combination of computer-based tools, primarily the ArcView geographic information
system (GIS) and the NED-1 system, to analyze risks to the long-term sustainability of their reservoir lands and to develop and
evaluate alternative scenarios for management of the lands. While maintaining water quality was the primary goal, the second
and third goals were maintaining and enhancing the forest habitat as a contribution towards regional biodiversity. NED-1
inventories incorporated data needed to evaluate wildlife habitat composition and structure and the quality of habitat along
first- and second-order streams. While providing a platform for the management and analysis of data on numerous key
abiotic and biotic forest characteristics, the NED-1 decision suppornt software did not provide a mechanism for evaluating the
relationships ofthese landscape elements. The need to understand how landscape context and current ecological
processes were shaping the forest required a synthesis oftools and often required stepping outside the decision support
mechanism for critical answers to conservation problems.

Boise-Payette-Sawtooth National Forest Plan

Mational forests are required to update their management plans every 10-15 years. The adjacent Boise, Payette, and
Sawtooth Mational Forests in southern ldaho and northern Utah decided to update their plans together in order to better
understand larger landscape issues and to address their many common concerns more efficiently. Mational forest plans do




Browsing on SDS Knowledge Portal
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Searching on SDS Knowledge Portal
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sion Support
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d enghes integrat h S 81+ oghc en luates
lai ape fata against a formal logic specification, designed with NetWeaWer
Developer, to derive logic-based interpretations of ecosystem conditions such
as biodiversity and sustainability. The decision engine evaluates NetWeaver
outcomes (and data related to additional factors such as feasibility and

efficacy of land management actions) against a decision model for prioritizing
== landscape features with decision models built in Criterium DecisionPlus

evaluations. The AHP converts these evaluations tc

T nowledge Portal
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j— Vista is conservation planning support tool operating as an extension to
ArcView 9.1, 9.2, and planned 9.3 spring 2009. It also requires the Spatial
Analyst extension. It supports planning for a variety of impact assessment and
conservation or "green infrastructure” applications by incorporating distribution
and conservation knowledge about those features a community wishes to
conserve. Vista is especially well-adapted to biodiversity conservation, but
allows you to incorporate other features such as scenic views, historic sites,
prime farmland, hazardous areas, etc. It can also be used as a more general
land use or management-planning tool by incorporating competing uses that
=== must be balanced and has also been demonstrated to work well with
CommunityViz. Vista provides various functions for analyses and exploration,

Search Results for "AHP"
Tools

AHP in ArcGIS

Implementation of the analytical hierarchy process with VBA in ArcGIS

AHP-OWA in ArcGIS
The AHP-OWA module brings the capabiliies of two major procedures of Analytical Hierarchy Process and Linguistic Quantifier
Ordered Weighted Averaging into ArcGIS environment for spatial decision making problem solving

Criterium Decision Plus.

Criterium DecisionPlus (CDP) decision management system helps you siructure and communicate complex decisions between
alternatives. It is a very graphical Windows Desktop application that embodies multi-criteria decision (AHP and SMART) analysis
and uncertainty handling. COP handles both qualitative and numerical inputs. CDP starts with a brainstorming component to
help structure the decision. It helps elicit preferences from decision makers, then provides contributions, sensitivity and tradeoffs
analysis to help validate those preferences. The impact of uncertainties in the attributes of the alternatives on the decision
outcome iz calculated and snown graphically. Data from spreadsheets can be imported, and the model structure and results can
be exported as graphs and underiying tables. CDP was created in 1993 and is supported by InfoHarvest Inc. of Seatlle, it comes
with a 350 page user's manual and onsite training is available. Decision models created with CDP can be used in the EMDS eco
-management system (see the EMDS EBM tool entry) and can be published to the web using InfoHarvest's Decision Hosting
services.

AnalyticalHierarchyProcess

Data Sources

Case Studies 1 3
Toronto quality of life

This paper proposes to use principles of i ion in conj with multi-criteria evaluation methods to support
expert-level spatial decision-making. Interactive maps can be combined with analytical tools to explore various settings of multi-
criteria evaluation parameters that define different decision-making sirategies. In a case study, the analytic hierarchy process




Architecture of the SDS Knowledge Portal
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Spatial Decision Process
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Design considerations of the SDS ontology

 Modularity -- more than 40 sub ontologies (in OWL)

Decision problem types

Decision contexts

Decision process steps

Decision process workflows

Decision methods and techniques

Participation and collaboration

Organizations

Data models

Models and tools

Data sources

Case studies

Literature

People

Related websites

Data topics Data attributes

Decision related

Application domains

Knowledge domains

Software system functionality

General

Editorial information



Design considerations of the SDS ontology

* Modularity — allowing concepts in more specific
ontologies refer to concepts in more general ontologies

Decision problem types

Decision contexts

Decision process steps

Decision process workflows

Decision methods and techniques

Participation and collaboration

Organizations

Data models

Models and tools

Data sources

Case studies

Literature

People

Related websites

Data topics Data attributes

Decision related

Application domains

Knowledge domains

Software system functionality

General

Editorial information



Design considerations of the SDS ontology

* Modularity — Allowing easy import of well-established
3"d party ontologies

Decision problem types

Decision contexts

Decision process steps

Decision process workflows

Decision methods and techniques

Participation and collaboration

Organizations

Data models

Models and tools

Data sources

Case studies

Literature

People

Related websites

Data topics Data attributes

Decision related

Application domains

Knowledge domains

Software system functionality

General

Editorial information



Design considerations of the SDS ontology

* Modularity — Allowing easy import of well-established
3"d party ontologies

Decision problem types

Decision contexts

Decision process steps

Decision process workflows

Decision methods and techniques

Participation and collaboration

Organizations

Data models

Models and tools

Data sources

Case studies

Literature

People

Related websites

ISO 19115 Data attributes

Decision related

Application domains

Knowledge domains

Software system functionality

General

Editorial information



Design considerations of the SDS ontology

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

E.g. for “models and tools”: * supports multi spatial scale

* name analysis

* acronym e supports social negotiation

o summary * input, output data type

e overview

e toolmaker * Input, output data format

« decision problem types targeted * description of system components
e decision process steps supported « software required

* methods and techniques implemented . platform

e used in case studies g : .

e  analysis extent * scientific expertise level required
e analysis unit * technical expertise level required
* data models used e developer support needed

* application areas * development status
 knowledge domains . .

e indicators used * online download available

* supports analysis of interdisciplinary ~ ® cost

Interactions e information source



Design considerations of the SDS ontology

* Choice of relation types — based on best practice and the
purpose
* |dentify 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

e Automatic generation of multiple taxonomic relations

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



Design considerations of the SDS ontology

# Expand All €3 Collapse All

ter hierarch
* Automatlc genen ~| Tools Sorted By Decision Problem Types i
. / ~| Assessment
- 11l _ s | tA t
E.g. for “models and tools”: | o e
¢ name Suitability Assessment
° acronym = Planning . .
. Alternative Evaluation
sum mary +|MNetwork Design
e overview Plan Evaluation
Schedule
* t00|maker _ +|Select Or Allocate
e decision pr0b|em types tc Plan Performance Evaluation
° decision process ste PS SU| -| Tools Sorted By Decision Process Steps/Activities
. Project Management
¢ meth_OdS and tech niques / Data Development, Management And Analysis :
* used in case studies Domain Knowledge Modeling
° a na Iysis exte nt | CDn.di.tiDﬂ Ana'yﬁi.s And ASSES?I’HEH’E . . .
. Ivsi it Decision Alternatives Generation, Scenario Simulation
analysis uni Alternative Ranking, Decision Making
e data models used Collaboration And Participation
° application areas E:zg;lrglt?;;entatmn. Monitoring, Performance Evaluation
 knowledge domains =|Models Sorted By Knowledge Domains
e indicators used / All (User Specified Domain Knowledge Modeling Area)
. . Climate Change Modeling
* -Support-s analySIS of inter Conservation Of Biodiversity
Interactions Decision Modeling
Estuarine And Marine Ecosystem Modeling
Forest Fuel Management 24

Forest Succession Modeling




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

WIS e D Y ST I AL
- Sensitivity Analysis
- Aspatial Sensitivity Analysis
Modifying The Criterion Weights
Modifying The Evaluation Methods
Modifying The List Of Decision Related Components
Global Sensitivity Analysis

g}:}Spatial sensitivity Analysis
Analyzing Spatial Criteria Sensitivity
Analyzing Spatial Weight Sensitivity
Analyzing The Geographical Distributions Of Decision Alternatives

Ernnn Mathnde



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”
e Transitive relation



Timeline and future work

Work started
15t SDS Domain
Ontology ) kn0W|edge
expert Continued ontology content ontology
workshop development development
0 0 0 0 @ o) o)
2007 2008 2009 2010 2011 2012 2013
2"d expert 2" version C '
ollaborative
worksho
P of the Portal ontology
editing?
SDS Ontology
Consortium services via
SE%F;AL Advanced
1St version 9 y semantic

of the Portal reasoning?



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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