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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
iInforming large-scale
planning and decision
making.

Need for decision
level semantics

Ceta

Repositaries

Inter-disciplinary § il Integration
Data Visualization [interoperability | Frameworks &
Apps Methodologies

Core and Framework Semantics -
Multi-tiered interoperability

Decision-level semantic mediation: high-level vocabularies that facilitate policy-level

decision-making

“ Eco & other system
. Assessment Apps

Application-level semantic mediation: mid-level vocabularies that facilitate the inter-
operability of system models and data products

Informatic
Science App

Query,

Data? c 3 &=
specific tor
modells) Generator
Sa"rarﬁc.query, P ¢
hypothsis and ¢ accessand |
inference -~ = use of data -

Data-evel Semantic mediation: lowerdevel vocabularies applied to each data source
for a specific science domain of interest

Peter Fox, Earth science-Ontolog

mini series, 2012
2



Large-scale planning and decision problems




Large-scale planning and decision problems

Characteristics of large scale planning and spatial
decision problems

o 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



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

e Facilitate interoperability among models and tools
e Automatic workflow composition and orchestration
* Provide a common vocabulary for the user community

e Facilitate learning in SDS



One solution — SDS ontology

CONCEPTS RESOURCES ABOUT CONTACT

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

Introduction

|+ Spatial Flanning And Decision Problem Types
Planning/Decision Context

'+ Planning And Spatial Decision Process
Methods And Technigues

+ Technology

Data And Domain Knowledge

People And Participation

Resources

What's New

* New Portal architecture and user interface

* The Portal content is dynamically updated via ontology web

services
Concepts pages now have individual URLs
Initial version of graphical browsing of concepts
= New 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 cae tha ract nf the aranh

and the SDS
Knowledge Portal
driven by the
SDS ontology
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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



Spatial planning and decision problem types

Impact /

All management &
assessment focus
distinction betwee
causality, wherea
period of time, the
environmental col
prospective in the
alternative manag

Related Plan
NEPA Planning Pi
Scenario Planning

Related Metl
Forecasting Meth
Spatial Analysis A
Uncertainty Methd

Related Too
Coastal Landscay
Communityviz
EZ-IMPACT
HARVEST

IDRISI

IDRISI Land Char
Invest Toolbox
LANDFIRE
Landscape Mana

Landscape Successmnal Model
Land-Use Change And Analysis System (LUCAS)

T ARA

Suitability 4

Assessments of suitabilit
and impact assessment.
status or impact assessr

Synonyms
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Site Search Or Selection

Site selection involves identifying elements ¢
biodiversity reserve or designation for timbel
the two are sufficiently different to justify mai
assigning a set of alternative uses to all parc

Search

Location Allocation

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

general matrix of parcels tha

Synonyms
site search; site selection

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
MARXAN / SPEXAN ccnstralnts on both the types and timing of actlvltles that can be implemented in neighboring units. These types of problems almost
MARXAN \
Resnet & ¢ .
siesisie ;.  Network Design
Vista
Zonae Cod Network design in the context of spatial decision problems is concerned with delineation of pathways through some spatial domain.
T Obvious examples in this realm include design of road and utility networks, which typically seek least-cost pathways that may involve
Related both spatial and temporal considerations. The spatial computation for this class of problem is almost always glebal. In addition to the
elate more conventional notion of networks in terms of roads and utilities, in conservation biclogy, 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.
Last Up Related Planning/Decision Process Workflows
B/5/2008 Geodesign Process Workflow

Related Methods
Agent Based Approach
Anticipatory Approach
Combinatorial Approach
Connectivity Operations
Constraining Approach
Mixed Approach
Optimizing Approach
Rule Based Approach
Sequential Approach

Subcategories
Reserve System

Transportation, Vehicle Routing And Scheduling




Spatial planning workflows

Adaptive Natural Resource Plan

A prototypical process flow for adaptive natural resource managem
well the post planning steps such as implementation, manitoring, ar
adaptive. The management process itself is iterative, with the result
process. If the goal of managing the resource is to sustain that reso

Urban Planning Process

An iteration of a Natural Resoul

Establish / refing
evaluation of cu
of the ecology
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Conservation Pro

The conservation process workflow re
developed by The Trust for Public Lar]

Process Phases
CPW Phase 1 - Location Profiling
CPW Phase 2 - Stakeholder Engagern

models

Scenario Plar

Scenario planning is a proce|
framework for developing a £
environmental, land use, etc|
business conditions and bett

The hallmark of scenario pla
that might be considered der
possibilities for each variable
future.

Scenario planning creates gu
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geographic scales (including
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created th - gy
deasbes  OteiNitz's Framework
Changes Steinitz's framework is a conceptual framework proposed by Carl Steinitz (1990} to describe six levels of inquiry during a spatial decisio
Eém?n-:grgff}gﬂaml process. | process; each level is associated with a type (phase) of modeling with GIS to form a comprehensive expression of a decision support
decisions strategy for landscape planning and design:
J' grassroot
g‘;‘liigﬁjggtflami"g planning. Phase I: How should the state of the landscape be described in content, space, and time? This question is answered by
REPREENTATION MODELS, the data upon which the study relies.
v Proces
Develop / refine reg Phase 1 - Phase II: How does the landscape operate? What are the functional and structural relationships among its elements? This question is

answered by PROCESS MODELS that provide information for the several assessments that are the content for the study.

Phase lli: Is the current landscape working well? This question is answered by EVALUATION MODELS, which are dependent on the
cultural knowledge of the decision-making stakeholders.

Phase IV: How might the landscape be altered, by what policies and actions, where and when? This question is answered by the
CHANGE MODELS that will be tested in the research. They are also data, as assumed for the future.

Phase V: What difference might the changes cause? This question is answered by IMPACT MODELS, which are information produced
by the process models under changed conditions.

Phase VI: How should the landscape be changed? This guestion is answered by DECISION MODELS, which, like the evaluation model
are dependent on the cultural knowledge of the stakeholders and responsible decision-makers.

As indicated in the following diagram, the decision process flow may go back to a previous phase if the conclusion for the current phase
indicates the need:
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Steps in a spatial planning workflow

Go to GeoDesign Portal e
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Methods, techniques, algorithms

Spatial Decision Support

Go to GeoDesign Portal @
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Case studies

Go to GeoDesign Portal @
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Case Studies
Filter By

decision problem type
application domain

planning/decision process
workflow adopted

planning/decision process
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 guality 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 support software did not provide a mechanism for evaluating the
relationships of these landscape elements. The need to understand how landscape context and current ecological

processes were shaping the forest required a synthesis of tools 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 daho 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

show all

tools and models used

location

start year

end year




Spatial Decision Process
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Browsing on SDS Knowledge Portal
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Searching on SDS Knowledge Portal

Tools
(] °
Filter By x Alternative Evaluation RO
decision problem type analysis extent x Condition Analysis And Assessment
targeted ) . . .
used for application domains  analysis unit * Multi-Attribute Combination Methods
* Scenario Management And Comparison
domain k ledg deling supports mult-spatial scale
area analysis
decision process activity platform
sugﬁunad
Ana]ytical Hierarchy Pra 3 Expand All 3 Collapse All anaty o ©Ontology Hierarchy

upertise required

The Analyte Hierarchy Process (AHF) is a structus] Analytical Studies
psychology, it was developed by Thomas L. Saaly

| Ertor Propagatior

provdes a comprehensave and rational framework Visual Analvics Methods
those elerments with respect to an overal goal, and Geovisual Analytics
decision situations in fields such as govemment, Informaticn Analytics

diecision probiem nlo a hierarchy of mone easily

elements of the hierarchy can relate to any aspect ion Support

estimated, wel- or poorly-understood—anything at The Ecosystem Marf§igemergDecision Support (EMDS!
makers systematically evaluate its various clement S e a r C a e, @ ppgirt for e z

makers can use concrete data about the elements | - If 5 101 jporgor

impanance. i is the essence of the AHP that huma fil erfines intdbrati

evaluations. The AHP corverts these evaluations 1
problem. A nurmencal wesght or prionty = denved fc
N Go to GeoDesign Portal

lant=CapeTata against a formal lagic specification, designed with NetWedter
Developer, to derive logic-based interpretations of ecosystem conditions such
a5 biodwversly and sustamatalily. The decision engne evaluates MelWeaver
outcomes (and data related to additional factors such as feasibility and
efficacy of land management actions) against a decision madel for priontizing
landscape features with decrson models built m Crtenum DecrsionPlus.

Spatial Decision Suppore! el el

HOME CONCEPTS RESOURCES ABOUT CONTACT HELP LOGIN

Search Results for "AHP"

Tools

Vista is consenvation planning support tool aperating as an extension ta
Arcview 9.1, 9.2 and planned 9.3 spring 2009, It also reguires the Spatal
Analyst extension. It Suppors planning for a vanety of IMpact assessment and
SER ar "green ~ i by i i distributi
and conservation knowledge about thase features a commumnity wishes to
consene, Vista rs especially well-adapted Lo iodiversty conservation, but
allows you to incorporate cther features such as scenic views, historic sites,
jprimee farmland, hazardous areas, etc it can also be used as a more general
land use or management-planning ool by inconporating competing wses that
st be balanced and has also been demenslialed Lo work well with
CommunityViz Vista provides various functions for analyzes and exploration,

AHP in ArcGIS

Implementation of the analytical hierarchy process with VBA in ArcGIS

AHP-OWA in ArcGIS
The AHP-OWA module brings the capabilties 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 (CDF) decision management system helps you structure and communicate complex decisions between
alternatives. It is & very graphical Windows Desktop application that embodies multi-criteria decision (AHP and SMART) analysis
and uncertainty handling. CDP handles both qualitative and numerical inputs. CDP starts with a brainstorming component to
help structure the decision. It helps elicit preferences fram decision makers, then provides contributions, sensitivity and tradeofis
analysis to help validate those preferences. The impact of uncertainties in the attributes of the altemnatives on the decision
outcome is calculated and shown graphically. Data from spreadsheets can be imported, and the model structure and resuits can
be exported as graphs and underlying tables. CDP was crealed in 1993 and is supported by InfoHarvest Inc. of Seattle, 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

Data Sources

Case Studies 17
Toronto quality of life

This paper proposes to use principles of i I in il with iti-crit evaluation methods to support

expertlevel 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 strategies. In a case study, the analytic hierarchy process




From Ontologies (directly) to
Computational Workflows

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

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



A planning process workflow
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Earth sciences data and modes in planning workflow
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Example of Earth Science models
Process model used in Desert Tortoise Recovery (DTRO) SDS, driving
tortoise population change assessment calculation

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

‘ Designate and closs roads (travel management plan) (5.2. ]| Connect habit: t[culfensr'mcerpas es) (2. '1]| ‘ Control dogs (2.14:-| Diecrease predator access 1o human subsidies (2.14J|
ﬂ
Environmental Education (23) || ‘ Fire management planning and implementation (2.1) ‘ ‘ Restore Habitst (2.6} | |Restor€ habitst (garbage clean up) ‘ |]ncrease lzw enforcement (2.4) |
l : AN\ A Z N\
NS / ;'{ | | !
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Which Recovery Actions NN [ 7 [ A\ |
Manage disease in wild population (2.2) Manage genetics in captive populations (permitting) (2.2)

/1
. |L nd acquisition zB] |Land'|\| management Kﬂa?d sease in captive pcaulallor pelmlttng [22]| \ "
can be introduced to abate N \ ,, NN TV L\
| Remaove ;ra’lr‘g trEspa = cattej (2 15| /

h h Minimize wild horse and burre impacts l2 15) |/ 3r0 ='1 intact desert tortoise habitat (2. | Remove released captive from wild (2.2.) | Restrict OHV events [2.].3]|
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- \
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Example of Earth Science models
Process model used in Desert Tortoise Recovery SDS

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

A threat description
based on the Threat
design pattern

maintain human
barri

Protect intact

Energy
Development

Corollary Threats

Disturbance (A.1.)

Stresses
small Populat
and Stoch:
Effects

Population
Change
Factors

Utility Corridors
and Lines {4.11.)

Habitat Loss

—— ]
Emigration/
Immigration

Mojave Desert
Tortoise

Population
Fragmentation

‘ Designate and closs roads (travel management plan) (5.2.2) |

Connect habitat (culverts/underpasses) (2.11) |

‘ Control dogs (214) | | Diecreass predator access to human subsidies (2.14) |

Environmental Education (23)

‘ Fire management planning and implementation (2.1) ‘ ‘ Restore Habitat (2.6) |

| Restore habitst (garbage clean up) ‘ | Increase law enforcement [2.4) |

/AN A Z I\
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Example of Earth Science models
-- Non-native invasive species habitat suitability assessment model

(Army Corp of Engineers)

habitat
suitability
surface

elevation
suitability
surface

exposure
suitability

moisture
suitability
surface

soil
suitability
surface

slope by
suitability §
surface

fuzzy
membership

fuzzy
membership

fuzzy
membership

Mapping

fuzzy
membership

Weed traits table: Johnson grass habitat preferences

Elevation

Sun exposure
Moisture

Soil

Slope

elevation
surface

exposure
condition

moisture
condition
surface

soil

condition
surface

disturbance
surface

Surface disturbance promoted

0- 6000

full

high

sandy loam
<= 20 percent

soil water
retention
levels

upland

contribution
surface

* multiply S

impervious

surface
g adjacent to
water
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Example of decision models
Non-native invasive species management on military installations

Minimize Minimize Perimeter Forest 5
Prioritize sites for NISW NIS lmpact_—_——ms impact Ffsecunty —Infrastructure...  management Training Obscuring
for Interference  Training site ~ site view of
operatlons operations... Quarantine with d't‘))P . contamination ~overgrown :Lﬁlmrsgb Wildfire
compliance zones by ta by listed with dense e iy ;
Minimize Crteig opportunmesf |Idfre risk ~—~Traffic for E and prickly weeds NIS... tall NIS... ”E:k- - Quarantine
__——serendlpltlesfreqmremnt safety... No.. military s
management operatlons... operations... training... compliance
inefficiencies... \ . for military
/ Parlnenng Parlnermg Minimize NIS Proximity to Proximity training...
Treatment cost agency'’s  agency's |mpact on ol o curved
cons?eratlo\ns... NISlist..  area pick.. socmeconomlcs ifareaRiGTs. . road Erosion-Gully
e contribution
Ease of | Ireatment :"i‘;:':;'ze Small Aestheilcs \\Wﬂdf ire risk on by annual
control... | typelcost.. spread... __“lsolatedl NIS $0CI0ECONOMmICS... shalllow
/ \ prl.IlﬂtIDI'I... Agrlcultural Ne|ghbo[ root...
F g relations... ini
Foarse of access NIS dispersal out-lease... Proximity mglin;:;:m
; . i potential Recreation... ——to birding Pl Impact on Impact
implementing e)udstmg .anthropogenic Proximity __—— o iy Soﬁoran on
management 30 oo4 natural to bike training... ; Lesser
actions... potential tiaile . Tiger L
ignificant \ ’ - S Salamander o Impac.t
/:l)ume Dispersal Proximity Proximity abundance Nosed
E.ms?lng area.. S through to OHV to hiking Proximity b.twn of TES... Bat... MBHIC&II
significant di land areas... : - subpopulations
ispersal S - Quarantine Yalks.. of the sam o TES
source corridors... h B Proximity | compliance \ el i Owl.
areas... Staging mngmt... being Wi o i Impact species...
sites... Proximity mowed or trails... recreation... |Mpacton on: mpact
Recent \ SR harvested... game picnic Impact on Impact
burn NIS Proximity management areas... Tand E Agave... Aplomado on
areas.. \\potentlal _— to fishing areas... species... Falcon... Water
L PR areas... Umbel...
significant to Minimize Impact on Impact on
o n i "
Bare source Proximity ~ streams.. IS ot archeological Native
ground... -areas... to fire \ on natural g :
o 8 cultural X sites... American
s breaks...  Proximity B Cultural [ /l;urial Impact on
Active Proximity \ to power / \ resources...‘-h——____lmradl‘)“ sites... Native
mines... 1o gas Proximi g lines... : - . cultura seed
lines... o "\ Proximity Wildfire risk  Forest Wildlife Water E|waer5|ty resources.. gathering
washes... i \ on natural management habitat... Tes0Urces... ;ance sites...
Forest culverts...  proximity  and cultural  for natural | affected by
management Ponds, PR to I}orse resources...  and cultural Water \Water L \”mpm Impact Impact on
caused NIS watt.ar i Proximity Ir_al_ls. Tesourc... Impact quality availability mpacl Reoiil historic
source area... bodies, i to hiking s affected affected by "‘cha Impact on S:gclls.a spnngs... buildings...
t ils... i on Bir
TR basins... O ik Timber wildlife oy il& dep g hpntizn Mammal Richness
T habitat,.  caused rooted pecies  Species Species - i
P erosion...  NIS... Richness  Richness Richness Q
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Earth science ontologies and SDS ontology
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‘* Steinitz’s

framework for
planning workflow

@ %  Interoperable

The SDS ontology needs to reference

the concepts and parameters defined in

the Earth science ontologies to

|dentify the right datasets and models

that are

« appropriate for a specfic decision
problem




Earth science ontologies and SDS ontology

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

Decision problem types Data models ISO 19115  Data attributes
Decision contexts Models and tools Decision related
Decision process steps Data sources Application domains

Decision process workflows Case studies Knowledge domains
Decision methods and techniques Literature Software system functionality
Participation and collaboration People General

Organizations Related websites Editorial information



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

Decision problem types \ Data models Data topics Data attributes

e

ecision related

Models and tools

y

Data sources

Decision contexts

Decision process steps Application domains

Decision process workflows Case studies Knowledge domains

Decision methods and téchniques Literature Software system functionality

Participation and collaboration People General

Organizations Related websites Editorial information



Workflow composition guided by SDS ontology
and Earth science ontologies

User’s planning problem parameters providing semantic constraints for

lower level workflow template selection in terms of
* Problem type, number of objectives

l e Spatial and temporal analysis unit and extent
[ Grand Changes 1/ e Application domain, knowledge domain, concepts and

parameters in the knowledge domain

A4

/ selection and data selection

Semantic constraints for process model

—[ Planning workflow }

A4

A4

y
Assessment ’ ‘
[ Decision model ] [ ] [ Process models ]
models J L e —
[ Aydrological ] [Habltat swtablllty] )
models models L )
v v
[ Geoprocessing, and other computational workflows

v

Implementation platform

\Z

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
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