Spatially Enabled Performance Management —
A Primer on Intersection of Data Warehousing, Master Data Management, Busess
Intelligence, Predictive Analytics, and Geographic Information Systems

William S. Holland
Principal/CEO
GeoAnalytics, Inc.

10 West Mifflin Street
Suite 400
Madison, WI 53703
PH: (608) 241-7100 FAX: (608) 241-7116
EMAIL: wholland@geoanalytics.com

ABSTRACT

Increasingly organizations are employing performance managemeticgsaand technologies
in support of strategic and operation business decisions. Key among these teebrambdata
warehousing, service oriented master data management, business intelbgehanalytical
software. Unique opportunities exist to integrate and leverage these tagbaatith traditional
geographic information systems to add a spatial dimension to performancgemané This
session will provide an overview of performance management concepts ancegractiuding
the underpinnings of business intelligence and predictive analytics. This sedsalsoprovide
high level insights into the technical architectural alternatives foopeance management,
including the integration of spatial technologies. Finally, this session willgg@n overview of
the business value of Spatially Enabled Performance Management.

INTRODUCTION

Savvy managers have always sought ways to optimize performance. While ¢kis/etijas
consistently been part of the mission and ethos of responsible managers, ingreasing
organizations are being “pushed” towards greater accountability. At thetisaéechnology
and analytic best practices are “pulling” organizations to formalize peafarenmanagement.
This push and the corresponding pull have made performance management an imperative
organizations that are held to account to owners, especially those owners thidsideeof
management.

The Push

It has been said, “What gets measured, gets done” (Covey 2003). This is the mantra for
performance management. At the same time, measurement for measisreaienis
counterproductive. Therefore, what gets measured must align with the missios, viio®,

and strategies of the organization. Specifically, performance metedstoeeflect those success
factors, often known as “key performance indicators” (KPI's) that ageedi with the strategies
that have been adopted by the organization (Norton and Kaplan 2001).



Whether “owners” are citizens or shareholders, accountability is increasmiglust desirable,
but expected. These expectations are fueled by an evolving sense that both private and
governmental organizations need to be transparent to their benefactors. In tleespat@t,
strategic decision makers are held to account for the performance of theizatigas by
boards of directors or shareholders. In government, elected officials, pokeyspand their
appointed managers are held to account in the political marketplace.

The Pull

There is a general perception by both shareholders and citizens, perhaps natvelghtisédogy
has evolved such that information about performance is readily available and aetittriabl
true, indeed, that some very powerful performance management technologyRexisisnance
management technologies take many forms and many approaches.Buslagss Intelligence
(BI) is generally considered the primary form of performance managdewnology.

While various kinds of business intelligence technology have been implemented gietdarg
great benefits, especially from an organizational level, it is stilesvhat inchoate. Rarely does
it seem that Bl has been adopted as “enterprise technology”. This is in pareb®eanysof the
practices, procedures, system integration, and work flows that drive entpegrfsgnance
management are not in place in most organizations. This is not a criticismjtrpthiets out

that there are many challenges, but, more importantly, opportunities that magragdel.
Increasingly, organizations are learning and availing themselvessef dpgortunities.

Prominent among the opportunities that have emerged is the recognition of the powgalof spa
information and the integration of spatial analytics with master data maaagemaditional
analytics, business intelligence and visualization of results. This amedliga of best practices,
methodologies, and technologies, embodies the conc§patial Intelligence

KEY CONCEPTS
The following are a set of key concepts that form the foundation for spatiéijenek.

Business Intelligencis the use of information that enables organizations to best decide,
measure, manage and optimize performance to achieve efficiency aruidditemefit
(Gartner Business Intelligence Summit 200 our judgment, business intelligence need
not be limited to efficiency and financial benefit. In many organizations,abt

private, desired outcomes may be non-economic such as improved water quality, quality
and timeliness of service response, the reach of an organization within a relevant
community, or the perception of an organization in a market or a community. Bl
technology is also especially suited to track, measure, and report on non-economic
performance, including scientific, physiographic, and social science owcésna

result, as we define it, the concept and application of business intelligence mabudtbi

a broad array of performance indicators that align with organizational obgdivéong

as they are quantifiable. .



Analytic (Predictive) Intelligencbuilds on previous experience, metrics, relevant
variables, and circumstances to model future outcomes.

‘Knowledge Managemens a conscious strategy of getting the right knowledge to the
right people at the right time (O’Dell). How an organization manages knowledge i
fairly good predictor of both best practice and organizational success.

‘Performance Managementas we define it here) is a business best practice that
encapsulates a set of methodologies, technologies, and organizational comp@bents t
organize, measure, monitor, and communicate how well an organization accomplishes its
strategic goals and operational objectives. We strongly believe thatpanice

management is about theeation of business outcomes, not outputs

‘Spatial Analytics'’is the science of location, adjacency, and direction between physical
and cultural features on the landscape. Examples of spatial analytics incxiteityy
network, buffer, cluster, simulation, auto correlation, interpolation, regression, and
gravity modeling.

‘Spatial Intelligence’adds a geographic or locational dimension to business and
predictive intelligence systems. It provides both the means for map-basezaisaalbof
business information as well as the application of spatial analytics to fdrticerer,
analyze, and understand the locational relationships within and between data feature
The elements of Spatial Intelligence include:

Sourcing and cleansing of business data
Organizing and storing data

Integration of spatial analytics with traditional statistical, economig fimancial
analytics

Visualization
THE PROMISE
Location Matters.

Oftenwherean event happens can be just as important if not more important than the event
itself. The implications of the same or results of related performancatodianay be wildly
different depending on location and/or the geographic (spatial) relationshhetcestents. For
example, the consequences of an under performing asset may be very different in an urban
versus rural location when it comes to effect on customers, employees, andafinanci
performance.

Knowledge of events, business transactions, or government polices and the subsequent
guantification of performance or impact is of little value without knowing “whérilgs occur.
Likewise, being able to predict “where” things will occur provides tremendaategic value in
achieving desired future outcomes.



The promise of Spatial Intelligence, is not just to understand the “what” andrfiuoW’, but
also the “where”. Casting business intelligence and analytic result ixtoftecation offers
decision makers, analytically and intuitively, even greater insight inyotlwhgs have happened
and what the implications are in a community context. More importantly, spaéhigence
offers tremendous insight into what might happen in the future.

The promise is to leverage spatial analytics and visualization to advancgystpaley
formation, execution and, in turn, accountability.

To be certain, the notion of spatial intelligence is just in its beginning stagegrékents a
tremendous opportunity for those of us in the geospatial industry to innovate — somethmg that i
sorely needed in terms of advancing the industry. For many in the geosphisdty, the focus

has been far too long on data collection and maintenance. At the same time, theea littkebe
focus on using our investments in data, technology, and people to leverage the power of place t
enhance strategic and operational decision making. It affords those of us involved in t
geospatial industry ways to advance the outcomes of the organization, whéesatrte time
advancing the interests of our work and effort.

In the face of this, there is something of an analytics revolution taking placetidore
integration, more than optimization, enterprise analytics can create hextivat derives from
innovation, not wealth transfer (Davis, Miller, Russell 2006). This value can beteefia
enhanced net income or shareholder value in the private sector or improved quaétgiod lif
other social outcomes in the public sector. For many wildly successful ortiamszapplication
of analytics is their key competitive advantage (Davenport and Harris 2007).

Spatial Intelligence can be integral to these analytics to drive new, vahoeation, and
competitiveness.

HOW DOES SPATIAL INTELLIGENCE WORK?
Spatial intelligence, like business intelligence, enterprise resowacagament, and performance
management technologies, requires a methodology and technical platform thad adLittes
corners of the enterprise to be maximally useful. All these technologi@¢darusst operational
data from the various business systems, cleanse them, validate them, ohgamized coherent
way, and apply analytics to these data to give expression to the performalidmieiness areas
of the enterprise.
This requires a step-wise process as outlined below.

1. Data from business systems must be selected, culled, cleaned, harmonizeegdyalith
aggregated.

2. Data must be stored or virtually accessible in some logical fashion.

3. Relevant statistical and financial analytics must be applied.



4. Finally, the results of these analytics must be communicated in some mabwiagf
whether that is in the form of reports, charts or graphs, or map based visualization.

It should be noted that the methodology and technical platform that sources and enhances da
can take many forms and formats, including traditional data warehousing andrataand
services oriented master data management. A conceptual model of the prpoessnited in the
following diagram.

A Conceptual Model of a Spatial Intelligence Platform
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The following are applied examples of how spatial intelligence is applitalel@ch step across
the methodology and the technical platform.

Sourcing and Cleansing of Business Data

Whenever data is drawn from independent business systems, it is likely thatehere a
substantive, form, and format differences between spatial and non-spatialadi@ganbminally

the same. For example, a parcel maintained for assessment purposes mgylifienent from
parcel information maintained for public works purposes. The assessor pardet may
represented by a polygon and the public works parcel may be related to a point or atheer feat
Similarly, attribute information will likely be very different. At tharae time, both business
systems may maintain similar non-spatial attribute information such asshwmestc. Often,
while there is value in data from both systems, there can be inconsistenciesmadies.



Application of spatial analytics can aid in the clean up, validation, and resolution opht#i s
and non-spatial data. This master data management can operate in eithenaiatita
warehousing or services oriented architectures. Use of spatial ovenaygsget data for
inclusion or exclusion in other analytical operations. Overlays can also erdastoeg data or
create new data to be brought into analytical processes. In addition, spaliftta like

proximity analysis can be embedded as a business rule in extraction, tratisiorand load
processes to resolve vague or inconsistent observations. This kind of analysis caredeapli
business rule process within a data cleansing service in a services oriented mode

Case Example: Sourcing and Cleansing of Business Data

One of our state agency clients used proximity analysis embedded as a budgness
within an extraction, transformation and load process to determine whether steonsi
names of facilities contained in different regulatory systems weretithia same or
different organizations. This helped the Department understand who and where their
customers are in order to prepare for and recover from mad-man and naturaisdisaste

Organizing and Storing Data

One of the great powers of analytical geographic information systehes ability to organize
information by location. Maintenance of locational characteristics of @ieeatids value to the
retrieval, analysis, and visualization of data.

In a typical data repository, maintenance of the locational chargictens geographic content
is, relatively, technically straightforward. Spatial and non spatial acslyan be applied and
results presented in report, graph, and map forms.

Where multidimensional data stores such as online analytical procestidB)@re used, it is
somewhat more complicated. In OLAP, several different dimensions of datggaegated into

a data model that is optimized for analytical performance. Multidimensionadtdaés are
different than relational databases. As a result, making spatial obecteeir associated
structures another analytical dimension presents technical challengescliallenge that is now
being addressed and there are products available that are capable of providileysbaoife
OLAP integration.



Figure 1: Mock Up OLAP Drill Down by Jurisdictional Polygon Feature

Conceptually, location is just another dimension (such as time, class, domain, produtt.gode e
For all the reasons described above, as part of a multidimensional analgtieahfrk, location

is an appealing and valuable element. While there are challenges tarheifdgegration of

spatial elements analytically in an OLAP cube, it is minimally posstbieaintain spatial
characteristics and leverage location to display results in map forms.

Figure 2: Mock Up OLAP Drill Down by Parcel Point Feature
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Case Example: Organizing and Storing Data

One of our City-County clients uses location as a core organizing principle to the
management and storage of various kinds of asset and performance information. This
system integrates data from multiple regulatory and monitoring systemsniage
environmental assets in the field. This agency uses business intelligeste, as
management, and geographic information system technology to create ogpamntarray

of performance and environmental outcomes based on the location of assets or groups of
assets in a particular area. The system gives managers insight as téotinegpee of

specific assets and personnel; and serves as the knowledge base for resohang probl
areas or problem assets.

Integration of Spatial, Statistical, Economic, and Financial Analytics.

Perhaps one the most compelling, yet conceptually elusive, ideas is thetioegfré&raditional
statistical and financial analytics with spatial analytics. Waldo Tablaracterized the
importance of spatial dependency in his oft quoted observation, “Everything igl telate
everything else, but near things are more related than distant things” (I®B®r This
statement gives expression to the notion of “spatial dependency”. Without questiemréher
many possible permutations of spatial dependency. Spatial dependencies mgsida, ph
cultural, demographic, economic, or financial, among others.

To ignore spatial dependencies as part of more traditional kinds of analysesalipleatres
valuable insight out of consideration. For example, regression analysis saed® determine
correlations between relevant parameters. These correlations can fgduerstrengthened
and residual error reduced by accounting for spatial dependencies that haveigaésdvior
relative distance between parameter observations.

In short, as the following diagram depicts, spatial analytics can infodmtidraal kinds of
analytics; and traditional analytics can inform spatial analytics.



Other spatial analytical operations can offer enhanced insight and undegt&or example
cluster, buffer, and gravity analyses can become critical elements ofagiitim models.
Understanding how clusters of customers behave can provide insight into finarfoiahpace
and optimization.

Case Study: Integration of Spatial, Statistical, Economic, and Financial Angtics

A Fortune 50 @retailer client uses spatial and traditional analytics to support market
planning and analysis and site location. This system automates the capturerolusume
internal and external data streams and encapsulates the firm’s ahalgiieds to
determine the optimal location of stores. This system takes a variety offenttor
consideration including customer’s location and preferences and the presendecnd af
of competitors. It also provides predictions of revenue and other success meattsibas
location alternatives. In addition to improving results, this system has reduced the
decision-making process time frame, including various due diligence meetorgs, f
more than six weeks to less than two.

Another financial institution client has used spatial intelligence to sitarech facility.
Within thirty days of opening the new branch it handled more transactions than any of it
other locations, including its corporate headquarters.

Integration of Spatial Presentation Forms with Other Analytic Visuaizdtechnigues

Increasingly, organizations are using map based visualization to quicklyfactively
communicate complex analytical information. Up until now, visualization is thé pnosinent
use of spatial technology and data in performance management, businagsmictlland other
forms of business analytics. For example, all the major business intedligendors provide for
some level of map-based visualization. While appealing, map based visaalizagomewhat
inchoate because, for most Bl offerings, it is something of an “add on” and nogintethe
technology. Much opportunity, therefore, exists to advance the use of spatial dimsansi
traditional business analytic offerings. The following figure shows how eplartgovernment
agency is integrating programmatic information from several data badg®eraying
information in a geographic context with maps in order to convey performanceU(ReDept
of the Interior, Bureau of Land Management personal communication).



Figure 3: Mock Up Spatial Intelligence Visualization

In addition, although not strictly analytical, map based visualization can tapiuaitive and
contextual understanding of statistical and financial analysis. As spatiabtegy becomes
more integral, allowing graphical interaction with maps and related tablesapitsgnable
analysts to be more productive by providing the means for creative scenaringaiidi
modeling to test ideas in virtual environments.

Figure 4: Mock Up Dashboard with Integrated Map Digplay
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SUMMARY

There is considerable promise in the integration of analytical spatisdiegies and data with
more traditional statistical and financial technologies and data. For thaserofhe geospatial
industry, delivering on this promise is vitally important to our future ongoingesscc

Much of the effort in our industry to date has been focused on acquisition of various core
geospatial data — that is, the focus has been on building the spatial infrastructonemaging
strategic and operational application of it. To us, it seems, as an industry, we hget not
delivered enough relevant business value. It says that our data and systaotisyat considered
strategic resources that can drive policy formulation and execution and, in tunmtadxlity.

In the midst of this, we are observing the emergence of a changing mindseacapgsrand
priorities — that is a shift of focus from building a data infrastructure touwsfon leveraging
existing investments to help shape both strategic and operational decisions. \§edmatlas
mindset in practice with some select governmental and, especially, oue lieats, who have
come to understand that location is integral to understanding, performance, outcomes,
alternatives and their related implications.

Therein lies the challenge and the opportunity.
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