Automatic Geospatial Typology Development to Support
Decision-M aking and Visualization

Introduction

This is a cross-cutting project that seeks et a set of web-based geospatial data manage-
ment, visualization, and decision support tools. phan to ealuate the déctiveness of these
toolsonreal-world problemssuchashabitatclassificationcoastakzonenutrientfluxes,andwater
management in the High Plains aquifer in Kansas.

The seed for this collaboraedi project has been the Land-Ocean Interaction in the Coastal Zone
[LOICZ] typology group: a loosely ganized set of researchessaenining and estimating fles

in basicnutrientsin thecoastakzone[1] This prior work hasresultedn awell-definedprocessand
asetof stand-alon@andweb-basedoolsfor automatidypologydevelopmentwith geospatiatiata

sets [3][2]. pologies are useful classifications of data that point out similarities between geo-
graphic rgions. W\ are nw poised to gpand upon this ark, gving it broader applicability and
direct application to current and future geospatial management issues.

Proposed Objectives and Approach

The primary objectie of this project is to delop methods and tools for supporting decision-
making with--usually high-dimensional--geospatial data sets. The approach we planiso tak
basedn automatiaypologydevelopmentA typology providesinformationfor decisionmaking

by 1) identifyingimportantcharacteristicef geographigegionsand2) groupingareaghatshare
similar characteristics. From dataxdn typologies we can then identify the unique characteris-
tics and spatiabaent of the diferent types. W can also use typologies tovdp predictie
models for biological and chemical processes since the typologies highlightvihg dariables
that cause diérences between geographic locations.

As anexample,considerthe High PlainsAquifer in KansasThatstateis facingimmediatewater
managemernssuedecauseheaquiferis beingdepletedy currentusagepatternsThetwo ques-
tions the state needs to answer are:

* What water management strgtes are required for dédrent areas of the state?

* What are the geographiagiens aer which the diierent stratgies should be applied?

Thestatehasa detaileddatabaseof geospatiallydistributedvariablesrelevantto the healthof the
aquifer Our claim is that a typologyeveloped automatically from the data set, forms a strong
basisfor makingdecisionsn this situation.In particular it providesinformationdirectly pertinent
to the vater management issues identifiedvab@ds an gample, consider Figure 1, which is a
visualization of anxample typology of the High Plains Aquifer in Kansas.

The questions we caxg@icitly answer with a typology include:
* What \ariables are the most influential within each class of the typology?
* What are the most important characteristics of each class?
* How are the classes spatially related to one another?



Figure 1 Example 10-class typology of the High Plains Aquifer data set. Each color
represents a different class in the typology.

Questions that require further analysis aneetigpment to answer are:
* How do you measure similarity in a high-dimensional geospatial data set?
* How mary classes naturallyxest in the data set for avgn similarity measure?
* How do the classes in a typology match up with ecological\ar@mmental models?
* How can we use a typology to dezipredictve models of biological/chemical processes?
* How is a typology dected by the quality of the data we are using?
* How can we do all of this in an interaetj collaboratie, web-based manner?

Our second objecte is to deelop methods for answering all of these questions automatically
thusproviding supportfor decision-makingThesequestiongorm the basisfor our researciplan.

Comparing high-dimensional geospatial data points. We propose comparing more traditional
statistical distances--Euclidean distance, scaled Euclidean distance, and Mahalanobis distance--
with lesstraditionalapproacheOneapproacthatshaovs promisein ageospatial/ecologicalon-

text is maximum scaled distance. This distance measure is based anidbhé\that shes the

greatest statistical dérence between twmulti-variable geospatial data points. In an ecological
context this males since reme characteristics tend towdrior limit ecological systems.

Discovering appropriate numbers of classes. We proposeusinginformationtheoreticneasures
to identify thebalancepointbetweemodelcomplity--the numberof classes--anthemodeling
error-how well theclassesepresenthedataset.Rissaners minimumdescriptionlengthcriteria,
for example, gves a well-defined measure in the case of Gaussian diginb of \ariables [4].
An importantaspecbdf this partof theresearclis developingindependentethodf determining
appropriate numbers of classes aval@ating the results usingert judgements.

Matching typologies with ecological models. As part of our preious work with typologies we
have comparedypologyoutputswith theoutputsof expertjudgementandmodel-basednalysis.
Based on these informal comparisons, it is clear that typologies based on high-dimensional
geospatiatiatasetsarecapturinga significantamountof theinformationcreatedy ecologicalor
hydrologicalmodelsof the sameareasWe propose=xploring this relationshipmoreexplicitly. In
particular we want to &plore whether a typology can be used as a proxy for caneglaogical
models. If so, it wuld be a more &€tient method of getting similar information. It may also per-
mit the projection of the typology analysis to areas where there isidnsotf data for the ecolog-
ical models to function.



Deriving predictive models from typologies. In mary geospatiatiatasetstherearecertainbasic
variables--climatalogical onfalrological, for @ample--that are related to other qualities of the
environment such as biological flora araiha and chemical fles. A typology based on the

basic \ariables produces a set of typicalieonments. Based on sparse measurements of biologi-
cal or chemical ariables in each of these typical@nnments we ayue it should be possible to
develop predictre models based on the typolodyis typothesis is grifiable, and suggests a

way of trapolating data collected in one area to gdaset of geospatial locations.

Assessing data quality through typology development. Our previous work has suggested that
typology deelopment is a usefukercise for assessing data qualiyasses that appear in a
typology that hee odd characteristics are easy for a user to see in a visualization and straightfor-
wardfor a computetto flag andbring to the attentionof the user While thereis no guarante¢hat
baddatawill endupin its own class therearestepswe cantake duringthetypologydevelopment
procesghatwill encourageéhatto happenWe believe therearesynepgiesbetweerninitializing the
typology deelopment process and identifying bad data. These gigseshould bexplored.

Collaboration and Web-Based Visualization. Our previous work has resulted in a web-based
programfor analysisandvisualizationof geospatiatiata[5]. Themajorissuesve needto address
now include: hav to kuild effective collaboration support into the web framoek, hav to create
intuitive 3D visualizations with geospatial data sets, andtbovisualize typologies so that the
colorrelationshipgncodanformation.We have alreadyexploredthetypologycoloringissue[2].
The collaboration and visualization issues require a combinatiotpeftausers and system
developerswhichis therealstrengthof our seedgroupof LOICZ researcherthatcombinegeo-
ple with a \ariety of expertise.

Expected Outcomes

Theexpectedoutcomeof this projectis a setof web-basedlatamanagemengnalysisandvisual-
ization tools for high-dimensional geospatial data sets. This webitie We &ailable to
researchers around themd and would be setup to support collabovatianalysis. In addition to
pre-installed data sets, weuld also permit users to upload theirodata sets for analysis and
visualization. V¢ believe this would be a pwerful analysis and decision-support tool for high-
dimensional geospatial data sets.
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