Preface

The GIS Evolution/Revolution and What GIS Modeling Is (and Isn’t)

Where Is GIS Technology

Though GISis less than three decades old, the approach of its software has evolved as much asits capabilities
and practical expressions. Inthe 70's software development primarily occurred on campuses and its products
relegated to library shelves of theses. These formative years provided the basic organization (both data and
processing structures) we find in the modern GIS. Raging debate centered on “vector vs. raster” formats and
efficient algorithms for processing— techy stuff with minimal resonance outside of the small (but growing)
group of innovators.

For amyriad of reasons, this early effort focused on GIS technology itself rather than its applications. First, and
foremost, is the necessity of building a viable tool before it can be taken on the road to practical solutions. As
with most revolutionary technologies, the “chicken and the egg” parable doesn’'t apply— the tool must come
before the application.

This point was struck home at arecent visit to Disneyland. The newest ride subjects you to a seemingly endless
harangue about the future of travel while you wait in line for over an hour. The curious part is that the departed
Walt Disney himself is outlining the future through video clips from the 50's. The dream of futuristic travel
(application) hasn't changed much and believe me the current practical reality (tool), as embodied in the herky-
jerky ride, isalong way from fulfilling the vision.

What impedes the realization of atechnological dream israrely alack of vision, but the nuts and bolts needed in
its construction. In the case of GIS, the hardware and software environments of the 70's constrained its use
outside of academia. Working with 256K memory and less than a megabyte of disk made a GIS engine perform
at the level of a skateboard. However, the environments were sufficient to develop “working prototypes’ and
test their theoretical foundations. The innovators of this erawere able to explore the conceptual terrain of
representing “maps as numbers,” but their software products were woefully impractical.

With the 80’ s came the renai ssance of modern computers, and with it the hardware and software environments
needed by GIS. The research-oriented software gave way to operational systems. Admittedly, the price tags
were high and high-end, specialized equipment often required, but the suite of basic features of amodern GIS
became available. Software devel opment switched from specialized programs to extensive “toolboxes,” and
subsequently spawned a new breed of software specialists.

Working within a GIS macro language, such as ARCINFO’s Arc Macro Language (AML), customized
applications could be addressed. Emphasis moved from programming the “tool” within general languages (e.g.,
FORTRAN and Pascal) to programming the “application” within a comprehensive GIS language. Expertise
broadened from geography and computers to an understanding of the context, factors and rel ationships of
spatial problems. Programming skills were extended to spatial reasoning skills—the ability to postulate
problems, perceive patterns and interpret spatial relationships.

From an application developer’ s perspective the floodgates had opened. From an end user’s perspective,
however, akey element still was missing—the gigabytes of data demanded in practical applications. Once
again GIS applications were frustrated. Thistime it wasn't the programming environment as much asit was the
lagging investment in the conversion of paper mapsto their digital form.

But another less obvious impediment hindered progress. Asthe comic strip character Pogo might say, “we have
found the enemy and it'sus.” By their very nature, the large GI'S shops established to collect, nurture and



process spatial data intimidated their potential customers. The required professional sacrifice at the GIS altar
“down the hall and to the right” kept the herds of dormant users away. GIS was more often seen within an
organization as an adversary for corporate support (a.k.a., money pit) than as a new and powerful capability one
could use to improve workflow and address complex issuesin entirely new ways.

The 90's saw both the data logjam and GIS mystique erode. As Windows-based mapping packages appeared
onindividuals desks, awareness of the importance of spatial data and its potential applications flourished.
Direct electronic access enabled usersto visualize their data without a GIS expert as co-pilot. For many the
thrill of “visualizing mapped data’ rivaled that of their first weekend with the car after the learner’ s permit.

So where are we now? Has the role of GIS developers been extinguished, or merely evolved once again? Like
a Power Rangers transformer, software development has taken two forms that blend the 70's and 80’ s roles.
These states are the direct result of changes in software programming approaches in general and “ object-
oriented” programming in particular.

Maplnfo’'s MapX and ESRI’s MapObjects are tangible GIS examples of this new era. These packages are
functional libraries that contain individual map processing operations. In many ways they are similar to their
GIStoolbox predecessors, except they conform to general programming standards of interoperability, thereby
enabling them to be linked easily to the wealth of non-GIS programs.

Like using a Lego set, application developers can apply the “building blocks’ to construct specific solutions,
such asarea estate application that integrates a multiple listing geo-query with a pinch of spatial analysis, a
dab of spreadsheet simulation, a splash of chart plotting and a sprinkle of report generation. In thisinstance,
GIS functionality smply becomes one of the ingredients of a solution not the entire recipe.

Initsearly stages, GIS required “bootstrap” programming of each operation and was the domain of the
computer speciaist. Thearrival of the GIS toolbox and macro languages allowed an application specialist to
develop software that tracked the spatial context of a problem. Today we have computer specialists generating
functional libraries and application specialists assembling the bits of software from a variety of sources to tailor
comprehensive solutions.

The distinction between computer and application specialist isn’t so much their roles, asit is characteristics of
the combined product. From a user’s perspective the entire character of a GIS dramatically changes. The look-
and-feel evolves from a generic map-centric view to one of afew tailored buttons that walk users through
analysis steps that are germane to an application. Instead of presenting users with a generalized set of map
processing operations as a maze of buttons, toggles and pull-down menus, only the relevant ones are integrated
into the software solution. Seamless linksto non-spatial programming “objects,” such as pre-processing and
post-processing functions, are automatically made.

Asthe future of GIS unfolds, it will be viewed less as a distinct activity and more as a key element in a thought
process. No longer will users “break shrink-wrap” on stand-alone GIS systems. They simply will use GIS
capabilities within an application and likely unaware of the underlying functional libraries. GIS technology will
finally come into its own by becoming simply part of the fabric of software solutions.

Moving from Mapping to Analysis of Mapped Data

The evolution (or isit revolution?) of GIS technology has certainly taken it well beyond traditional roles of
mapping. For over 8,000 years maps were graphic representations of physical features primarily for the purpose
of navigation. With the advent of GIS they have changed form to digital representations that are linked to
databases and new processing capabilities.

The accompanying figure identifies two key trends in the movement from mapping to map analysis.

Traditional GI S treats geographic space in a manner similar to our paper map legacy. Points, lines and
polygons are used to define discrete spatial objects, such as houses, streams and lakes. In turn, these objects are
linked to attributes in a database that describe their characteristics and conditions. The result is atremendously
useful system enabling users to make complex geo-queries of the information and then map the results.



Traditional GIS = -—> Spatial Analysis

Erosion
Buffers

Forest Inventory
Iap

« Points, Lines, Polygons « Cells, Surfaces
« Discrete Objects + Continuous Geographic Space
» Mapping and Geo-query + Contextual Spatial Relationships

Traditional Statistics -t-—> Spatial Statistics

Minimum= 2.3
Maximums= 4.9

Mean= 3.56
StDEW= 739

Housing
Value

* Mean, StDev (Normal Curve) « Map of Variation (gradient)
« Central Tendency « Continuous Geographic Space
+ Typical Response (scalar) + Numerical Spatial Relationships

Figure P-1. Spatial Analysis and Spatial Satistics are extensions of traditional ways of analyzing mapped data.

Spatial Analysis extends the basic set of discrete map features of points, lines and polygons to surfaces that
represent continuous geographic space as a set of contiguous grid cells. The consistency of this grid-based
structuring provides a wesalth of new analytical tools for characterizing “ contextual spatial relationships’, such
as effective distance, optimal paths, visual connectivity and micro-terrain anaysis.

In addition, it provides a mathematical/statistical framework by numerically representing geographic space.
Traditional Statisticsisinherently non-spatial asit seeksto represent a data set by itstypica response
regardless of spatial patterns. The mean, standard deviation and other statistics are computed to describe the
central tendency of the datain abstract numerical space without regard to the relative positioning of the datain
real-world geographic space.

Spatial Statistics, on the other hand, extends traditional statistics on two fronts. First, it seeksto map the
variation in a data set to show where unusual responses occur, instead of focusing on asingle typical response.
Secondly, it can uncover “numerical spatial relationships’ within and among mapped data layers, such as
generating a prediction map identifying where likely customers are within a city based on existing sales and
demographic information.

This book investigates the important aspects and procedures used in Spatial Analysis and Spatial Statistics
through discussion of the fundamental concepts, considerations and issues involved in the analysis of geospatial
data. In addition, “hands-on” experience with the theory is provided through numerous practical exercises at
the end of each topic using the MapCalc Leaner software accompanying the book.

Book Organization

Introduction to GIS Modeling is organized into fourteen topics and two appendices that lead the reader
from an understanding of the fundamental nature of mapped data through a series of basic procedures
used in deriving, analyzing and applying spatial information. A case study approach is used with each
topic area describing the application of a set of related analysis techniques. The discussion is followed
by a series of hands-on exercises providing practical experience in applying the techniques. The
exercises include step-by-step instructions that are thoroughly annotated.

Companion Software

Surfer software by Golden Software is used for spatial interpolation and advanced graphics. A
demonstration version of the software is included with this book. Information about the full Surfer
package is available at www.ssg-surfer.com/.


www.ssg

MapCalc software by Red Hen Systems is used for grid-based map analysis exercises throughout the
book. A 14-day evaluation version of MapCalc isincluded with this book. The software includes the
basic set of data and operations needed to compl ete the hands-on exercises; the evaluation version
expires after atwo-week period.

The full MapCalc Learner software for individual use contains additional materials and provides for
extended experience in map analysis procedures and applications. It contains a basic set of functions
for import/export of your own datathat is constrained to afield-level (100row x 100col) analysis grid
configuration. MapCalc Academic isafull, multi-seat licensed educational version for classroom/lab
use and contains an additional instructor CD with supporting teaching material s including PowerPoint
dides, exercises and quizzes for a several workshop and college-level course offerings. MapCalc
Professional is licensed for commercia use and includes a full range of featuresincluding image data
routines, coordinate/datum transformation and an extended set of import/export formats for data
exchange.

Shaglt software by TechSmith is used for screen capture and creation of composite presentation
graphics. A 45-day evaluation version of the software is included with this book. Information about
the full Shaglt package is available at www.techsmith.com/.

For more information on the Learner, Academic and Professiona versions of MapCalc, visit
www.redhensystems.com/mapcalc/. Pricing for the MapCalc versionsis US$21.95 for Learner, $495

for Academic and $695.00 for Professional plus shipping and handling.
(prices subject to change)

Case Study Data Sets

Four data sets are used in the exercises to provide experience with different application areas—
Tutorial, Natural Resources, Precision Agriculture and Geo-business. The Tutor25.rgsisa
hypothetical dataset used to quickly demonstrate map analysis operations. The Bighorn.rgs natural
resource data set is located in southwestern Wyoming; the Agdata.rgs precision agriculture data set
characterizes a central-pivot field located in central Colorado; and the Smallville.rgs geo-business data
set contains geographic features for a small northern Colorado city. All of the data sets contain both
actual and hypothetical information to illustrate map analysis procedures. While the analytical
procedures described are valid, the outcomes do not represent legitimate outcomes and should not be
used in decision-making for the project aress.

Intended Audience

Thisbook isideal for professionals and studentsinterested in a basic understanding of the concepts,
procedures and considerations in analyzing geospatial data. The material is presented in an informal
manner designed so the reader can grasp the broad issues and then delve into hands-on exercises for
practical experience in applying the techniques. 1n a classroom setting, portions of the book can be
used for an exposure to grid-based map analysis in an introductory GIS course, or in its entirety for an
intermediate course on map analysis with individual/group projects.

Internet Extended Environment

There are several benefits for readers with a self-published book. Traditionally published texts have
inordinately slow publishing cycles compared to the speed of software development and application
innovation. Thisbook is printed in small batches and frequently revised to keep the material current.
The Internet is a great mechanism for feedback so the book can evolve with your help. Please helpin
identifying sections that need correction or clarification, as well as providing suggestions for extending
the current topics or adding entirely new ones—email the author at jberry@innovativegis.com.
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In addition, the author’ s website at www.innovativegis.com/basis/ serves as a mechanism for updates,
enhancements, extensions and related articles. It is recommended that you periodically check this
website for up-to-the-minute information pertaining to the book. Notices and updates for the
companion MapCalc software are posted at www.redhensystems.com/mapcalc/.
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