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About the Cover

The cover shows six images of the same geographic area, demonstrating various
GIS data formats, depicting both natural and human-made features. The scene is
a river flowing through a canyon. North of the river is a water filtration plant.
The top scene is a TIN (Triangulated Irregular Network) indicating the elevation
of the surface. Across the bottom of the cover, left to right, the first two images
are portions of (a) a DRG (Digital Raster Graphics) file digitized from a US
Geological Survey 7.5 minute quadrangle and (b) a DEM (Digital Elevation
Model). The last two images, left to right are (d) a raster-based (cell-based, grid-
based) depiction of different types of land cover and (e) a DOQ (Digital Ortho
Quadrangle), which is an aerial photograph that has been rectified so it can be
used as a map. In the center at the bottom is (c) a three-dimensional view in
which ArcGIS software was used to “drape” a DOQ over an elevation model.
The red dots along the river depict points collected by a GPS (Global Positioning
System) receiver on a boat moving along the river.
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Foreword



by Jack Dangermond

Introducing Geographic Information Systems with ArcGIS offers a unique
approach to GIS instruction. In it, Michael Kennedy re-creates his time-tested
methods of teaching GIS in the classroom in a step-by-step guidebook to GIS.
Students on a journey to learn GIS with Professor Kennedy may feel like he is
taking the journey with them, offering them his sage advice each step of the way.
Professor Kennedy cares deeply for his students, and the detail of this care and
years of teaching GIS come through in this book. In it, he walks students through
the multitude of questions that come up daily in the classroom. His goal is to
help students understand GIS concepts and learn GIS skills. It takes a master
teacher to map GIS knowledge, making it clear to students and enabling them to
gain confidence in their growing skills.

Once GIS students have learned the basics, the next step is to learn how to
analyze spatial data and identify problems and create solutions. Learning to
analyze spatial data moves students beyond exploration, beyond locating places
on maps, and helps them create maps that guide better decisions.

All of us learn GIS skills in different ways. Some people are visual learners,
some are auditory learners, and some need a hands-on approach. As the learning
styles of students in general vary, so do the learning needs of students of GIS.
Some students will need classroom study, with conversations and time to process
information about GIS concepts, spatial data, geodatabases, map projections,
attribute tables, feature classes, datasets, and building maps, while others need
only a guidebook with clear graphic illustrations. So, a variety of approaches to
teaching GIS will help ensure that the increasing number of students worldwide
have opportunities to gain GIS skills in ways that best suit their needs.

GIS is becoming part and parcel of the daily work lives of most people in
many fields, from architects to zoologists, from academia to the business world,
from city planning to national and international spatial data portals. Teachers are
now taking on the essential task of opening the door for students to learn GIS. In
Introducing Geographic Information Systems with ArcGIS, Professor Kennedy
opens such a doorway for students to learn the skills basic to understanding GIS
and to prepare students to make our communities better places.



Preface

It turns out to be hard, for me anyway, to write the preface for a third edition. As
I tried to compose this I put a lot of electrons in the recycle bin. Most of what I
have to say was said in the prefaces to previous editions. And who wants to want
to wade through eleven pages of those in addition to this one!

So what I will do is just to tell you about the new material in the text and then
just abstract and reference earlier information and ideas. I’'m eliminating the
Preface to the Second Edition. If you haven’t used the book before, you probably
should read the Preface to the First edition, included after this one.

First, of course, is that the material is oriented to ArcGIS Desktop versions
10.0 and 10.1. Where there are differences between these two, and there are
several, I have usually pointed them out. However, those using 10.0 will
occasionally have to adapt the Step-by-Step instructions, which favor version
10.1. I recommend using 10.1 if it is available and you are familiar with it. (To
indicate the extent of the changes, we can start with the fact that the functionality
level names have changed from those in version 10.0 and before. In 10.1
ArcView is Basic, ArcEditor is Standard, and ArcInfo is Advanced.)

The CD-ROM used in earlier editions has been replaced by a DVD, because
the data sets are more extensive and all the figures in the book are available.

Since the first edition, sections and exercises have been added on the topics of:

e Publishing maps on the Internet, using ArcGIS.com.

e Using the Esri online data service to add basemaps to the student’s map.

e The terrain data structure, made possible by the emergence of LIDAR as a
remarkable method of very dense data collection, is covered both in theory
and by exercise.

e Layer packages — a welcome invention which facilitates the transfer of
feature classes of all formats from one computer to another, without worries
like relative path names and separate data transfers.

e Since this book is primarily aimed at preparing professionals for using GIS
to do analysis and synthesis (topics separate from display and mapmaking,
which, for completeness, is covered in considerable detail in Chapter 3),
topology plays an important role. A number of exercises, therefore,
emphasize the use of the topology capabilities of geodatabases, which is
considerably different from those of coverages and completely absent from
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the shapefile format.

Changes from the Previous Editions

e Use of and information about coverages has been demoted to an optional
exercise on converting an Esri coverage to a geodatabase.? All references to
ArcInfo Workstation have been removed, since its functions have been
taken over by ArcToolbox, and Workstation has been “depreciated”
(although many of us “appreciated” it a lot in times past!).

e A couple of the more arduous exercises (making feature classes by key entry
and digitizing) have been improved so that the student or reader understands
the concepts without having to experience the all-too-real tedium of data
entry. Other exercises have input data provided for them on the DVD to cut
down on digitizing and typing.

e More flexibility has been built into the text. I suggest exercises that might
be omitted in the interest of compressing the learning of essential GIS
material into a shorter time span.:

e All the figures in the book are reproduced, many in color, on the DVD that
accompanies the text. At the beginning of each Step-by-Step section, I
encourage students to open both the Color Figures file and their Fast Facts
File (both to access reference information and to add new material). The
Fast Facts File, into which the students write the information they consider
relevant, thus making their own reference guides to ArcGIS Desktop, is
emphasized. The past several years have convinced me that the Fast Facts
File is an important tool for long-term learning of the material — as the
software grows in facility and complexity.

¢ In previous editions, students were asked to write, in their textbook, the
names of some menus and tabs. The third edition has no blanks for this.
Instead students are encouraged to record the name of tabs and menu items
in their Fast Facts Files — and to think about what each item might mean.
Since there is no way to cover all of ArcGIS (except perhaps in an intensive,
year-long, full time course), having a list that at least hints at the capabilities
of the software that are not covered in the text (represented by these tabs and
menus) is beneficial. Further, the lists in the student’s Fast Facts File can be
updated as ArcGIS evolves in the years to come.

The purpose and structure of the book remains essentially the same. (Please



see the Preface to the First edition). Chapters are divided into (a) Overviews (a
top-down look at GIS theory and other relevant information) and (b) Step-by-
Step (sequential) exercises. All the data needed for the exercises is provided on
the included DVD. (The DVD does not include ArcGIS software. I assume that
the several mechanisms that Esri provides (e.g., site licenses, student one-year
licenses, and so on) for access to ArcGIS will be in place.)

This third edition is meant to educate a wider group than the first edition. The
subtitle—A Workbook Approach to Learning GIS—is intended to convey that
the book has been specifically revamped for community college and technical
institute courses, where almost all students can become proficient with many
ArcGIS software abilities in a single semester.

The combination theory-workbook approach is designed to bring the reader
from GIS neophyte to well-informed GIS user—from both a general knowledge
and practical viewpoint—in a single semester or, used by an individual outside
of class, in about 60 hours of self-study.

It is appropriate to repeat some ideas and warnings from the First Edition
Preface:

e Do not use any of the sample databases on the DVD for anything other than
tutorial purposes. Many of the data sets are not current. Many have been
modified for instructional purposes. Some of it is totally bogus.

e Exercise 5-8 is a cooperative exercise for eight to twenty-four students.
Preparation and management on the part of the instructor is a really good
idea. Information on the book’s companion website at
www.wiley.com/go/kennedygis can help.

e If you, as an instructor, are quite sure that your students will not need more
than the most basic knowledge about coverages and shapefiles, you can
have them skip considerable portions of Chapter 4. You should perhaps read
those sections and, if needed, supplement the student’s knowledge of the
concepts that apply to geodatabases.

e If you serve ArcGIS, or even just its license manager, over a network, you
should thoroughly test the process. Also, in Chapter 8, the unsupported
CellTool is used. Students may not be able to install it, so someone from
network services may have to be involved.

e Students learn the software at their own pace, pretty much regardless of
what the instructor does. They learn by doing, and paying attention to and
recording what they are doing. As the text proceeds, the sophistication
required to operate the software increases. For students who aren’t paying
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attention, the exercises will get harder and harder because it is expected that
they will learn (or be able to quickly find in their Fast Facts Files (see next
paragraph) how to perform operations that they have performed before.
Careful explanation of basic procedures (e.g., finding the properties of
something), which is extensive at the beginning of the book, is reduced
gradually but considerably as the text unfolds. Warn your students about
this: The handholding diminishes as the chapter numbers increase.

e Students are asked to develop a Fast Facts File in which they record what it
is they have learned about the software. This is a computer file that they
keep open during their work sessions, both for adding new material and
ascertaining how to do a particular procedure that they have used previously
but cannot remember. They periodically revise and augment this file. Then,
at the end of the course, they have their own reference manual for the
software. I have used this technique for some years now, and it pays
dividends. Some students who have graduated and now work in the GIS
field tell me they take their Fast Facts File with them and maintain it in their
new positions. One failure of other workbooks and web-based courses is
that, while students can go through the exercises and even pass a test at the
end, they simply cannot operate the software when handed a new exercise.
Now with twelve-plus years of teaching GIS with the Overview-Step
method behind me, insisting that students make a Fast Facts File to provide
themselves a guide through the very complex GIS software, I’'m convinced
that the not-always-popular-with-the-students Fast Facts File is more than
worth the trouble.

¢ One way this book has been used is in a two-semester course sequence for
advanced students with an intensive theory text (e.g., Longley, Goodchild,
Maguire, Rhind) using Introducing Geographic Information Systems with
ArcGIS—A Workbook Approach providing the needed practical experience.

I don’t know if it’s me, the students of today, the multi-media culture, or
something else, but I find the traditional lecture to be less and less useful. Lately
I have confined my lectures, which I keep short, to those topics that seem to give
some students trouble conceptually. My teaching environment has not been an
easy one; it has usually involved a mixture of civil engineering graduate
students, geography sophomores, and students from other departments (29 such
departments as of this writing.) Given the varied computer experience and
maturity of students in such a diverse group, I find that an environment in which
students work from the text at their own pace, with reasonable deadlines and the



opportunity to ask questions individually, seems to work best.

Instructors who want answers to exercises: please write to me on school,
college, or university letterhead and just ask.

Michael Kennedy
Department of Geography
Patterson Office Tower 817
University of Kentucky
Lexington, KY 40506-0027

Or obtain the answers from the Instructor Companion website at
www.wiley.com/go/kennedygis

For those who want to provide comments, criticisms, corrections (many
thanks), or complaints: email me at Michael. Kennedy@uky.edu.
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Preface

to the First Edition:

The purpose of Introducing Geographic Information Systems with ArcGIS is
threefold.
1. To acquaint the reader with the central concepts of GIS and with those
topics that are required to understand spatial information analysis.

2. To provide the person who works the exercises either (a) a considerable
ability to operate important tools in the ArcGIS software or (b) a
demonstration of other capabilities of the software.

3. To lay a basis for the reader to go on to the advanced study of GIS or to
the study of the newly emerging field of GIScience, which might be
described as the scientific examination of the technology of GIS and the
fundamental questions raised by GIS.

Introducing Geographic Information Systems with ArcGIS is meant to serve as
a text book for a standard one-semester course. It is suitable for a university,
college, technical school, or advanced high school course, meeting for three
hours per week. Between two and five additional hours per week are required for
laboratory work, depending on the capabilities and computer experience of the
students. The text may also be used for self-study.

The book, and any course taught from it, depend on having ESRI’s ArcGIS
Desktop and Workstation software, version 9.0, 9.1, or higher, available. The
assumption is that the students will have access to full the ArcInfo package
offered to colleges and universities under the generous site license agreement
that ESRI offers to educational institutions. For more information about this
program, point your browser at:
http://www.esri.com/industries/university/education/fags.html. = However, if
ArclInfo is not available, many of the exercises can be done with the ArcView
level of ArcGIS, available to students with a free, one-year license.

While the author is impressed with the ArcGIS software (and with the aims of
ESRI of being a force for conservation, preservation, and sustainable
development worldwide), this book is not meant as a promotional text for ESRI.
Like all large software packages, ArcGIS has its shortcomings, limitations, and
bugs. When these arise in the process of working through the exercises, they are
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candidly pointed out to the reader. All bugs have been reported to ESRI, and
most have been repaired or are scheduled for repair. By the way, the ESRI
support staff is excellent responsive and friendly.

The function of GIS software is to make a computer think it’s a map—a map
with characteristics that let the user analyze it, display its elements in a variety of
ways, and use it for decision making. This text is oriented more toward
preparing the student for doing analysis with GIS, rather than display, mapping,
or standard data processing.

Contents of Introducing Geographic
Information Systems with ArcGIS

e Part I: Basic Concepts of GIS

e Chapter 1: Some Concepts that Underpin GIS (and introduction to
ArcCatalog)

e Chapter 2: Characteristics and Examples of Spatial Data (and
introduction to ArcMap)

e Chapter 3: Products of a GIS: Maps and Other Information

e Chapter 4: Structures for Storing Geographic Data (and introduction to
ArcToolbox and Workstation)

e Chapter 5: Geographic and Attribute Data: Selection, Input, and Editing
(and introduction to ArcScene and ArcGlobe)

e Part II: Spatial Analysis and Synthesis with GIS

e Chapter 6: Analysis of GIS Data by Simple Examination

e Chapter 7: Creating Spatial Data Sets Based on Proximity, Overlay, and
Attributes

e Chapter 8: Spatial Analysis Based on Raster Data Processing (and
introduction to Spatial Analyst)

e Chapter 9: Other Dimensions, Other Tools, Other Solutions (and
introductions to 3-D Analyst, Historical Data, Address Geocoding,
Network Analyst, and Linear Referencing)

In my view, the pedagogical theme of a first course should be breadth, with
depth in vital areas. The text covers virtually all the general GIS capability that
ArcGIS has to offer. Vector and raster storage, analysis, and synthesis are, of
course, discussed extensively, with many examples and exercises for the student.



Other areas receive less attention, such as 3-D GIS, time and GIS, network
analysis (path finding and allocation), surface creation, spatial analysis,
statistical and numerical analysis, model builder, GIS & GPS, and so on. In some
later instances, the exercises are primarily demonstrations of the capabilities of
the ESRI software, but, in my opinion, a student in a first course needs to get at
least a glimpse of almost all of what GIS can do. Omitted from the text is most
of customization, programming, and the more esoteric capabilities of
geodatabases, which I believe belong in a second course. Also not included is
GIS on the Internet and the issues related to large, enterprise implementations of
GIS. To mention it again the thrust of the text is to lay a foundation from which
the reader can move toward doing analysis and synthesis with GIS.

The emphasis in terms of data structure is on geodatabases. However,
extensive use is made of shapefiles and coverages, since most existing GIS data
sets are in these formats. The student will become comfortable with switching
and converting among the various formats. Another reason for using all three
formats is that, at this stage of ArcGIS development, there are operations that
can be done with coverages that cannot be performed with geodatabases.

ArcMap, ArcCatalog, ArcToolbox, ArcScene, and ArcGlobe are all explored
in considerable detail. ArcInfo Workstation is introduced. Enough of command-
line ArcInfo Workstation is used to make the student aware of its existence and
its capability to perform operations that are cumbersome or impossible with the
point and click software. This is a book that creates knowledge for the student
that is realistic and at least touches on virtually all the ArcGIS capabilities and
products.

In the four years the text has been under development, most of the exercises in
the book have been performed by scores of students. All of the exercises have
been tested and they work, both from a technical and pedagogical standpoint.

In terms of time required to do the exercises, most students will require:

Chapter 1—3:00 to 5:00 hours
Chapter 2—3:45 to 5:45 hours
Chapter 3—4:30 to 6:30 hours
Chapter 4—3:30 to 5:30 hours
Chapter 5—4:45 to 6:45 hours
Chapter 6—4:00 to 6:00 hours
Chapter 7—5:15 to 7:15 hours

Chapter 8—5:00 to 7:00 hours



Chapter 9—4:45 to 6:45 hours

Theory and Practice

Of the myriad of GIS textbooks available, some are long on theory but don’t
train the student, while the rest are pretty much manuals on how to use software,
but don’t promote an understanding of what lies behind the mechanics. So
frequently GIS is taught either with texts that teach only theory and leave it to
the instructor to select software and data to illustrate points or taught with
manuals and demonstrations.

The book is unusual, if not unique, in that it serves both as a general
introduction to GIS (serving an education function) and a manual on ArcGIS
software (serving a training function). This is accomplished by dividing each
chapter into an

e QOverview section, and a

e Step-by-Step section

The Overview section is descriptive. It is a top-down discussion of theory and
ideas relating to GIS.

The Step-by-Step section is prescriptive. It operates in a sequential fashion—
do this, then this, then this. Here the student learns about and practices ArcGIS.
There are more than 60 exercises in the book, not counting the 9 review
exercises. Almost 60 percent of the book consists of step-by-step instructions on
how to use ArcGIS software.

All the data sets for the exercises are on the CD-ROM that accompanies the
book.

Teaching with This Book

The contents of the following folders on the CD must be available for
downloading by students:

e IGIS-Arc—the primary source of data sets for the exercises

e IGIS-Arc_AUX—a source for datasets occasionally needed for exercises

o IGIS_with_ArcGIS_FastFactsFile_Checklists—a combination chapter
summary and set of Fast Facts File prompts

e IGIS_with_ArcGIS_Selected_Figures—full-color versions of some figures



in the text that suffer from black-and-white reproduction

If you are an instructor, you should consider copying the four folders above
from the CD-ROM to a location on a network where the students can access
their contents.

Exercises are roughly put into categories of length or difficulty, with such
notes as “Warm-up” (least effort), “Project” (greater effort), and “Major
Projects” (most effort).

Some warnings:

Do not use any of the sample databases on the CD-ROM for anything other
than tutorial purposes. Most of the data is old. Much of it has been modified for
instructional purposes.

For students who aren’t paying attention, the exercises will get harder and
harder because it is expected that they will learn (or be able to quickly find) how
to perform operations that they have performed before. The “hand holding”
diminishes as the chapter numbers increase.

Exercise 5-8 is a cooperative exercise for eight to twenty-four students.
Preparation and management on the part of the instructor is a really good idea.

If you, as an instructor, are quite sure that your students will not need more
than the most basic knowledge about coverages and shapefiles, you can have
them skip considerable portions of Chapter 4. You should read the sections on
coverages yourself and, perhaps in lecture sessions, supplement the student’s
knowledge of the coverage concepts that apply to geodatabases.

If you serve ArcGIS, or even just its license manager, over a network, you
should thoroughly test the process. Also, in Chapter 8, the unsupported CellTool
is used. Students may not be able to install it, so someone from network services
will have to be involved.

More Resources for the Instructor

If you are an instructor who is using this text, you are encouraged to register on
the website www.wiley.com/college/kennedy. There you will find advice on how
to use the book to its fullest potential. Included there are answers to the
questions posed in the text, sample assignments with blanks for the students to
complete, test data for some assignments, and suggestions of how to use the text
—avoiding some pitfalls that lurk, especially when the datasets are served across
a network. The Instructor’s Guide there can be a valuable resource for those
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teaching with this text. Also look at the folder
IGIS_with_ArcGIS_Instructor’s_Guide on the CD-ROM.

Concepts, Devices, and Techniques
that Underlie the Philosophy of the
Book

How can one textbook touch on almost all of GIS when it takes thousands of
pages of manuals to do this? Two ways:

e There are few figures, and, compared to the standard computer manual,
there are few screen shots. When a student follows the instructions, he or
she sees the proper screens. When a figure can be better understood by the
use of color, the figure is available on the CD-ROM in the folder
IGIS_with_ArcGIS_Selected_Figures. Such figures are designated in the
text reference with three asterisks. For example, “See Figure 8-4%***.”

e As the student progresses through the later chapters, the exercises do not
contain detailed instructions. The students are expected to be able to do
steps that were explained in detail earlier. For example, in early chapters,
detailed instructions are given for finding or changing a property of a data
set or data frame. In later chapters, the students will simply be told to take
that action. When students can’t either remember or find out how to perform
an action that has been previously detailed, teachers should take it as a clue
that the students are simply going through the motions of executing the
software tools and that learning is not really taking place.

I believe that students learn best by doing—while observing and recording
what it is they are doing. Students are asked to develop a Fast Facts File in
which they record what it is they have learned about the software. This is a
computer file that they keep open during their work sessions, both for adding
new material and ascertaining how to do a particular procedure that they have
used previously but cannot remember. They periodically revise and augment this
file. Then, at the end of the course, they have their own reference manual for the
software. I have used this technique for some years now, and it pays dividends.
Some students who have graduated and now work in the GIS field tell me they
take their Fast Facts File with them and maintain it in their new positions. One



failure of other workbooks and web-based courses is that, while students can go
through the exercises and even pass a test at the end, they simply cannot operate
the software when handed a new exercise. Now with ten-plus years of teaching
GIS with the Overview-Step method behind me, insisting that students make a
Fast Facts File to provide themselves a guide through the very complex GIS
software, I’'m convinced that the not-always-popular-with-the-students Fast
Facts File is more than worth the trouble.

The exercise material is project oriented; students learn the software as needed
for the particular project at hand. So rather than learning everything about
labeling features at one time or everything about selecting, the students learn as
they complete projects and record what has been learned in their Fast Facts Files,
which are later reorganized. At the risk of losing adoptions and sales, please let
me candidly point out that this textbook does not serve very well as reference
material. The idea behind the book is to make things click in the students’ brains,
to promote comprehension of concepts, not to serve as a reference guide to the
software. However, the diligent students—indeed even those who follow the
instructions—will emerge from the course with their own reference guides, done
in a style suitable for each student the Fast Facts File. Some students resist
creating the file, so I make it count for 5 percent of their grade. Further, the Fast
Facts File will be a reference document that the learners can maintain and
upgrade in future months and years. A student of mine of a decade ago came to
my class to give a guest lecture. He was in charge of the GIS program of a state
unit. He brought his Fast Facts File with him to show to the class. Over the
years, he had updated it many times.

The text is workbook-like in that there are blanks in the text which the students
are asked to complete, showing that they have performed and comprehended a
particular section. This also serves as a mechanism for letting the instructors
know how students are progressing. The Web site
www.wiley.com/college/kennedy contains forms with these blanks, in context,
so an instructor can copy and paste the material into assignment sheets. Student
progress can be monitored using these assignments.

The text is set up so students can work at their own pace, respecting different
learning styles and speeds of the students. For example, some students create
entries in their Fast Facts Files with each step. Others make two passes through
the material.

In a few places in the text, students are asked to record the names of menu
choices or tabs in windows. Of course this information could have been printed
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for them, but having them write it in reinforces the words and the concepts
behind them in the students’ minds. It is also a modest protection against
software changes (e.g., addition of menu or tab items).

The last exercise in each chapter is a checklist that can serve the students in
development of the Fast Facts File. The students are given prompts that they fill
in. The prompts appear in the text and also on the CD-ROM in the folder
IGIS_with_ArcGIS_FastFactsFile_Checklists so they are available in machine
readable form to the students. This allows students to copy the prompts into their
Fast Facts Files and complete them.

The book simulates a teacher sometimes a lecturer, standing in front of
students, imparting information or giving directions. More often the instructor is
a colleague, sitting beside the student, making suggestions, prompting, and,
occasionally, making mistakes that he or she and the student rectify. One might
describe the tone of the book as conversational. I believe the most important
thing, after correctness, is engaging the student. I believe economy in writing is
important. But sometimes additional words can set a tone. I actually use several
tones in the text to provide variety. I change pace. I change style. I change
attitude. I change the level of formality.

The writing style, for the most part, is informal—to convey the idea that the
author is closely involved with the student, guiding her or him. Humor is used,
but sparingly. Irony is used, but sparingly.

The ArcGIS software is so complex that there is no way to explore it “depth
first.” We must look at an overview. The book attempts to teach, or at least
demonstrate, the major capabilities of ArcGIS. As you can tell from the weight
of ESRI manuals, compared with the size of this text (which also serves as a
general GIS theory text), I could hardly cover even a large portion in detail.
However, the student will come away with considerable facility with the
software and will know how to find and use additional capabilities.

Finally, I believe it is important to emphasize that computer is not a black box.
An educated GIS professional should have some understanding of what makes a
computer tick. So there is some general material on computers and
representation of information, especially as they impact answers from a GIS.
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Introduction

A geographic information system (GIS) software package is basically a
computer program designed to make a computer think that it’s a map. This new
sort of map is a dynamic entity, designed to assist people in making decisions.
Such decisions might be as simple and short range as determining an efficient
way to get from place A to place B. Or as complex as designing a light rail
transportation system for a city or delineating flood planes. The difference
between a paper map and a GIS map is that the latter exhibits “intelligence.” You
can ask it a question and get an answer.

Geographic information systems are transforming all the activities and
disciplines that formerly used maps as the basis for decision making. It’s about
time. Most fields of human endeavor have long since been heavily impacted by
the digital computer; in fact it’s hard to think of one that hasn’t. Fifty years have
gone by since computers began changing accounting, census taking, physical
sciences, and communication, to name a few. Even the field of music has been
altered. Most of these “nonspatial” fields already couched their problems in
terms of discrete symbols (such as A, r, 5, and $) that are easily converted to the
binary language (using only the symbols 0 and 1) that the computer understands.
The spatial fields such as geography, planning, and land use management, had to
stick with maps because, while maps also use symbols, they are not so neat and
tidy as to fit on the keys of a keyboard. A symbol for a road might be three feet
long! Determining how to efficiently represent the real-world environment in the
memory of a computer turned out to be quite a challenge. So until a decade or so
ago, those who relied on maps usually could not use computers effectively as the
primary source of data from which to work.

Why has computer-based GIS come to influence how decisions are made
about land use planning, navigation, resource allocation, and so on? First, the
shortcomings of maps for decision making are many. Second, computers have
become greatly faster, bigger (in terms of memory size), and cheaper. And, third,
we have developed sophisticated data structures and learned how to efficiently
program computers to represent the huge, almost infinitely detailed environment
that we live in. So those of you who are just now beginning to learn about GIS
are not pioneers, but if you enter the field now, I bet that in a decade you will
feel like a pioneer because the field is growing so rapidly. You are off on a great
adventure!



Part 1

Basic Concepts of GIS



Chapter 1

Some Concepts That Underpin GIS
OVERVIEW

IN WHICH you begin to understand the rather large and complex body of ideas
and techniques that allow people to use computers to comprehend and design the
physical environment. And in which you use Esri’s ArcCatalog to explore
geographic data.!

You Ask: “What Is GIS About?”

A poem “The Blind Men and the Elephant” tells the story of six sightless men
who approach an elephant, one by one, to satisfy their curiosity.

It was six men of Indostan

To learning much inclined

Who went to see the Elephant
(Though all of them were blind)
That each by observation
Might satisfy his mind.

The First approached the Elephant,
And happening to fall

Against his broad and study side,
At once began to bawl,

“God bless em! But the elephant

Is very like a WALL!”

The Second, feeling of the tusk

Cried: “Ho! what have we here

So very round and smooth and sharp?
This wonder of an Elephant

Is very like a SPEAR!”



The Third approached the animal,
And, happening to take

The squirming trunk within his hands,
Thus boldly up and spake:

“I see,” quoth he, “the Elephant,

Is very like a SNAKE!”

The Fourth reached out an eager hand,
And felt about the knee

“What most this wondrous beast is like
Is mighty plain,” quoth he:

“’Tis clear enough the Elephant

Is very like a TREE!”

The Fifth, who chanced to touch the ear,
Said: “E’en the blindest man

Can tell what this resembles most;
Deny the fact who can,

This marvel of an Elephant

Is very like a FAN!”

The Sixth no sooner had begun
About the beast to grope,

Than seizing on the swinging tail
That fell within his scope,

“I see,” quoth he, “the Elephant
Is very like a ROPE!”

And so these men of Indostan
Disputed loud and long,

Each in his own opinion

Exceeding stiff and strong

Though each was partly in the right
And all were in the wrong!

[...]J

Excerpted from “The Blind Men and the Elephant”

(based on a famous Indian legend)



John Godfrey Saxe
American Poet (1816-1887)

And So You Ask Again: “What Is GIS
About?”

Poet Saxe’s lines could apply to geographic information systems (GIS) in that
relating to the subject may well depend on your point of view. Asking what GIS?
is about is sort of like asking “What is a computer about?” The capabilities of
GIS are so broad and its uses so pervasive in society, geography, urban and
regional planning, and the technical world in general that a short, meaningful
description is impossible. But for starters, here is a generic definition of GIS that
you might find in a dictionary:

A geographic information system is an organized collection of computer
hardware and software, people, money, and organizational infrastructure
that makes possible the acquisition and storage of geographic and related
attribute data, for purposes of retrieval, analysis, synthesis, and display to
promote understanding and assist decision making.

To better understand one facet of GIS, consider how you might use the
technology for a particular application. Solve the following site selection
problem:

Exercise 1-1 (Project)
Finding a Geographic Site by Manual Means

Wildcat Boat Company is planning to construct a small office building and testing facility to
evaluate new designs. They’ve narrowed the proposed site to a farming area near a large lake
and several small towns. The company now needs to select a specific site that meets the
following requirements:

o The site should not have trees (to reduce costs of clearing land and prevent the unnecessary
destruction of trees). A regional agricultural preservation plan prohibits conversion of
farmland. The other categories (urban, barren, and wetlands) are also out. So, the land cover
must be “brush land.”

¢ The building must reside on soils suitable for construction.

¢ Alocal ordinance designed to prevent rampant development allows new construction only
within 300 meters of existing sewer lines.

e Water-quality legislation requires that no construction occur within 20 meters of streams.

¢ The site must be at least 4000 square meters to provide space for building and grounds.



Figure 1-1 is a key to the following maps. It shows the symbols for land cover, soil suitability,
streams, and sewers.*

FIGURE 1-1 Key to maps of the Wildcat Boat Facility area

Keys to Maps
Soil Suitability Land Use
Poor suitability Urban
Suitable Agdriculture
e

Brushland

Forest

Wetlands

Barren

Streams and Sewers

Light solid lines: Stream
Heawvy solid lines: Sewears
Light dashed lines: Coastline (and border)

Figure 1-2 is a map showing landcover in the area from which the site will be chosen.
Different crosshatch symbols indicate different types of land cover; the white area in the
northern part of the map is water. The land cover codes (L.C Codes) and categories (L.C Type)
are as follows:

FIGURE 1-2 I.and Cover
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Figure 1-3 is a soil suitability map. Lines separate soils of different types. The different soils



are categorized as suitable or unsuitable for building. Therefore, you will see the same symbol
on both sides of a dividing line, indicating that, while such soil types may be different, their

suitability is the same.

FIGURE 1-3 Soil Suitability
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Figure 1-4 is a map that shows the streams (narrow lines) and sewers (broader lines).

FIGURE 1-4 Streams and Sewers
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You may use scissors, xerography, a computer-based drawing program, a light table, and any
other tools to solve the problem.

You are asked to present a map that shows all, repeat ALL, the areas where the company could
build, while meeting the requirements stated previously. Make your map the same scale and
size as those maps provided on the DVD. Outline in red all the areas that meet the
requirements. You don’t need to produce a high-quality cartographic product. The main
objective here—indeed the object of this textbook—is to analyze geographic data. While
making maps is important, it is not the primary focus of this book.

Write a brief description (100 to 200 words) of the procedure you used to make the map.



The problem is much easier than it might otherwise be because the maps provided cover
exactly the same area, have the same underlying assumptions regarding the shape and size of
Earth, are at the same scale, and use the same projection of Earth’s sphere onto the flat plane
of the map. These benefits are often not available in the real world, where you frequently need
a considerable amount of data preparation to solve such a problem. ArcGIS has many tools to
aide in “lining up” geographic data. Despite these advantages, the process can be somewhat
daunting.

More of What GIS Is About

Completing Exercise 1-1 showed how GIS can help you solve one kind of
problem. There are many others. Computer-based GIS not only serves the
purpose of traditional maps but also helps you perform activities that involve
spatial analysis, even without maps. Understanding conditions that occur in the
vicinity of Earth’s surface are important in building structures, growing crops,
preserving wildlife habitat, protecting ourselves from natural disasters,
navigating from one point to the next, and a myriad of other activities.

Among the many uses of GIS are:

Land use—Helps determine land uses, zoning, environmental impact
analysis, locational analysis, and site analysis.

Natural environment—Identifies, delineates, and manages areas of
environmental concern, analyzes land-carrying capacity, and assists in
developing environmental impact statements.

Energy—Examines costs of moving energy, determines remaining available
energy reserves, investigates the efficiency of different allocation schemes,
reduces waste, reduces heat pollution, identifies areas of danger to humans
and animals, assesses environmental impacts, sites new distribution lines
and facilities, and develops resource allocation schemes.

Human resources—Plans for mass transit, recreation areas, police unit
allocation, and pupil assignment; analyzes migration patterns, population
growth, crime patterns, and welfare needs. It also manages public and
government services.

Areas of environmental concern—Facilitates identification of unique
resources, manages designated areas, and determines the relative importance
of various resources.

Water—Determines floodplains, availability of clean water, irrigation
schemes, and potential and existing pollution.



Natural resources—Facilitates timber management, preservation of
agricultural land, conservation of energy resources, wildlife management,
market analysis, resource allocation, resource extraction, resource policy,
recycling, and resource use.

Agriculture—Aids in crop management, protection of agricultural lands,
conservation practices, and prime agricultural land policy and management.

Crime prevention, law enforcement, criminal justice—Facilitates selection
of sites or premises for target-hardening attention, establishment of risk-
rating procedures for particular locations, tactical patrol allocation, location
selection for crime prevention analysis, crime pattern recognition, and
selection of areas or schools for delinquency prevention attention.

Homeland security and civil defense—Assess alternative disaster relief
plans, needs for stockpiling of foods and medical supplies, evacuation plans,
and the proper designation of disaster relief areas.

Communications—Facilitates siting of transmission lines, location of
cellular equipment, and education.

Transportation—Facilitates alternate transportation plans, locational
analysis, mass transit, and energy conservation.

Next Steps: Seemingly Independent
Things You Need to Know

Before we launch into the theory and application of GIS, let’s look ahead at the
remaining text in the Overview of this chapter. You may know some or all of this
material already, depending on your background. To use GIS effectively, you
should know something about several topics that may seem unrelated at first
glance. The next few sections briefly review the relevant aspects of the
following:

Determining where something is: coordinate systems
Determining where something is: latitude and longitude
Geodesy, coordinate systems, geographic projections, and scale
Projected coordinate systems

Geographic vs. projected coordinates: which should you use?
Two projected coordinate systems: UTM and state plane
Physical dimensionality



Global positioning systems

Remote sensing

Relational databases

Another definition of GIS

Computer software: in general
Computer software: ArcGIS in particular

Determining Where Something Is:
Coordinate Systems

Cartesian Coordinate Systems

A coordinate system is a way of determining where points lie in space. We are
interested in two-dimensional (2-D) space and three-dimensional (3-D) space. In
general, it takes two numbers to assign a position to a 2-D space and three
numbers in 3-D space.

Coordinates may be thought of as providing an index to the locations of points
in space, and hence to the features that these points define.

To make a 2-D Cartesian® coordinate system, draw two axes (lines) that cross
at right angles on a piece of paper. The point at which they cross is called the
“origin.” The sheet of paper is the x—y plane. Arrange the page on a horizontal
table in front of you so that one line points left-right and the other toward and
away from you. The part of the line from the origin to your right is called the
positive x-axis. The line from the origin away from you is called the positive y-
axis. Mark each axis in equal linear units (centimeters, say) starting at the origin,
as shown in Figure 1-5. Now, a pair of numbers serves as a reference to any
point on the plane. The position x =5 and y = 3 [shorthand: (5,3)] is shown.

FIGURE 1-5 2-D Cartesian coordinate system
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You can create a 3-D Cartesian coordinate system from the 2-D version:
Imagine a vertical line passing through the origin; call it the z-axis; the positive

direction is up. Now you can reference any point in three-dimensional space.
The point x =5, y = 3, and z = 4 [written more concisely as (5, 3, 4)] is shown in

Figure 1-6.
FIGURE 1-6 3-D Cartesian coordinate system
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This is called a right-hand coordinate system. The thumb, forefinger, and
middle finger represent the positive axes X, y, and z, respectively. With your
right hand outstretched, arrange those three digits so that they are roughly
mutually orthogonal—that is, with 90° angles between each pair. Point your
thumb to the right and your forefinger away from you. Now your middle finger
will be pointing up.

Spherical Coordinate Systems

A spherical coordinate system is another way to reference a point in 3-D space.
It also requires three numbers. Two are angles, and the third is a distance.



Consider a ray (a line) emanating from the origin. The angles determine the
direction of the ray. See Figure 1-7.

FIGURE 1-7 Spherical coordinate system showing latitude 55° North and
longitude 60° East

The latitude-longitude graticule (a gridded reference network of lines
encompassing the globe) is based on a spherical coordinate system. As often
happens, different fields of endeavor use different descriptive approaches. Here,
referencing navigation and Earth location issues requires a different system from
the one mathematicians use in more abstract systems.” The origin is considered
to be the center of the Earth. The equator serves as intersection of the x-y plane
and the hypothetical sphere of the Earth. To determine the coordinates of a point,
one angle (latitude) is measured from the x-y plane. The other angle (longitude)
is contained in the x-y plane and is measured from the meridian that passes
through Greenwich, England. The third number in a mathematical spherical
coordinate system is the distance along the ray from the origin to the point.
When added to the latitude-longitude system, altitude is usually defined instead
to be the distance to the point along the ray from mean (average) sea level
(MSL) or from a gravity-defined pseudo-ellipsoid used with the NAVSTAR
Global Positioning System to be discussed shortly.

By using three numbers, you can determine and communicate the position of
any point on Earth. Of course, an externally defined set of parameters must
qualify these numbers. Any given point on the surface has probably been
addressed by dozens of different sets of numbers, based on the parameters (e.g.,
units) of the coordinate system chosen. These parameters must match when you



combine GIS data.

Determining Where Something Is:
Latitude and Longitude

A fundamental principle underlies all geography and GIS: Most things on Earth
don’t move (or move very slowly) with respect to each other. Therefore, we can
talk about the position of something embedded in or attached to the ground and
know that its position won’t change (much). It seems like a straightforward idea,
but position confuses a lot of people when it is described as a set of numbers.*

Let’s suppose that in 1955 somewhere in the United States you (or your
parents, or their parents) drove a substantial metal stake or pin vertically into
solid ground. Now consider that the object, unless disturbed by human beings or
natural forces such as erosion or an earthquake, would not have moved with
respect to the planet since then.? In other words, it is where it was, and it will
stay there. Three numbers—Iatitude, longitude, and altitude—could identify the
location of the object in1955. However, over the last half century, teams of
mathematicians and scientists (skilled in geodesy) developed other sets of
numbers to describe exactly the same spot where your object now resides. The
actual position of the object didn’t change, but additional descriptions of the
where of the object have been created.

Ignoring the matter of altitude for the moment, suppose that the object was
driven into the ground at latitude 38.0000000° (North) and longitude
84.5000000° (West), according to calculations done before 1955 that indicated
the location of the center of the Earth, its shape, and the location if its poles.
Most people and organizations in the United States in 1955 used the North
American Datum of NAD27 (NAD27) to estimate the latitude-longitude
graticules, based on parameters of the earth-approximating ellipsoid determined
by Clarke in 1866.2

The datum described as the World Geodetic System of 1984 (WGS84) offers
the most recent, widely accepted view of where the center of the Earth is, its
shape, and the location of its poles. The ellipsoid of WGS84 is virtually identical
to the GRS80 ellipsoid.” In the coterminous states of the United States, this
datum is virtually identical (within millimeters) to the North American Datum of
1983 (NADS83), although they result from different approaches and calculations.



According to the WGS84 latitude-longitude graticule, the object previously
described would be at latitude 38.00007792° and longitude 84.49993831°. The
difference might seem insignificant, but it amounts to about 10 meters on the
Earth’s surface. Or consider it this way: According to NAD83, a second object
placed in the ground at 38° N and 84.5° W would be 10 meters away from the
first one. Does that sound like a lot? People have exchanged gunfire in land
disputes over smaller distances. Given a latitude and longitude, a GIS must know
the datum that is the basis for the numbers. Hundreds of datums exist, and many
countries have their own.

Geodesy, Coordinate Systems,
Geographic Projections, and Scale

First, a disclaimer: This text does not pretend to cover in detail such issues as
geodetic datums, projections, coordinate systems, and other terms from the fields
of geodesy and surveying. Nor will the text rigorously define most of these
terms. Simply knowing the definitions would mean little without a lot of study.
Many textbooks and Web pages are available for your perusal. These fields,
concepts, and principles may or may not be important in your use of GIS,
depending on your projects. However, the datum, projection, coordinate system
designations, and measurement units must be identical when you combine GIS
or map information. If not, your GIS project may well produce inaccurate
results.

How we apply the mathematically perfect latitude-longitude graticule to points
on the ground depends partly on human’s understanding of the shape of the
Earth. This understanding changes the more we learn. Geodesy is the study of
the shape of the Earth and the validity of the measurements human beings make
on it. It deals with such issues as spheroid and datum. You don’t have to know
much about geodesy to use a GIS effectively, provided your data are all based on
the same spheroid and datum (and projection and units, as you will see later). It
is the application of geodesic knowledge that caused the differences in the
coordinates of that hypothetical object I discussed earlier that was put into the
ground six or seven decades ago. The object hasn’t moved. We simply have a
better idea of the location of the object relative to the latitude-longitude
graticule.



Projected Coordinate Systems

For several reasons, it’s often not convenient to use latitude and longitude to
describe a set of points (perhaps connected by straight lines to make up a
coastline or country’s boundaries) on the Earth’s surface. One is that doing
calculations using latitude and longitude—for example, determining the distance
between two points—can involve complex operations such as products involving
sines and cosines. For a similar distance calculation, if the points are represented
on the Cartesian x-y plane, the worst arithmetic hurdle is a square root.

Latitude and longitude measures for many geographic applications do not
work well for several aspects of mapmaking. Suppose you plot many points on
the Earth’s surface—say, along the coastline of a small island that is a
considerable distance from the equator—on a piece of ordinary graph paper,
using the longitude numbers for x-coordinates and latitude numbers for y-
coordinates. The shape of the island would look strange on the map (it would
appear horizontally stretched) compared to how it would appear from an
airplane. You would not get useful numbers if you measured distances or angles
or areas on the plot. This is due to a characteristic of the spherical coordinate
system: The length of an arc of a degree of longitude does not equal the length of
an arc of a degree of latitude. Those lengths are almost equal near the equator,
but the difference grows as you go further north or south from the equator. At the
equator, a degree of longitude translates to about 69.17 miles. Very near the
North Pole a degree of longitude might be 69.7 inches. (A degree of latitude, in
contrast, varies only between about 68.71 miles near the equator and 69.40 miles
near the poles.)

For relatively small areas, mathematically projecting the spherically defined
locations onto a plane provides a good solution to problems associated with
calculations and plotting. Geographic projection might be thought of as
imagining a process that places a light source inside a transparent globe that has
features of the Earth inscribed on it. The light then falls on a piece of paper (or
one that is curved in only one direction and may be unrolled to become flat).2
The shadows of the features (say, lines, or areas) will appear on the paper.
Applying a Cartesian coordinate system to the paper offers the advantages of
easy calculation and more realistic plotting. However, distortions are inherent in
any projection process; most of the points on the map will not correspond
exactly to their counterparts on the ground. The degree of distortion is greater on
maps that display more area. Accuracy suffers when you flatten a curved surface



and thus convert a three-dimensional coordinate system to a two-dimensional
one.

After constructing geographic data sets according to latitude and longitude,
based on some agreed-upon spheroid (such as GRS80) and datum (such as
WGS84), you decide how to represent them graphically for viewing. At one
time, cartographers went directly from the latitude-longitude description of an
area or feature to a graphical portrayal on paper. This usually involved
“projecting” the data from a three-dimensional (3-D) spherical coordinate
system to a two-dimensional (2-D) Cartesian one, and setting a scale: A certain
number of units on a map represented that number of units on the ground. Using
GIS changes this. As I commented earlier, latitude-longitude is the most
fundamental and accurate way to represent spatial data. So large areas—those
that are more subject to distortion by being projected—may best be left in
latitude-longitude coordinates, and subareas projected to other coordinate
systems when needed. Computers are really good at doing the complex
computations necessary to project data.

The larger the area projected, the greater the tendency for things not to be
where the projected coordinates say they are.

Four considerations for viewing and analysis are size, shape, distance, and
direction. Myriad projections have been invented. Many distort size, shape,
distance, or direction, and some preserve one or two of them.

Regarding linear units, GIS differs from cartography in that matters of scale
may be left until the very end. The position defining numbers in the database
should be real-world coordinates—not scaled coordinates. That is, GIS “maps”
are stored in ground units rather than map units. Besides being a more
fundamental way to store data, this makes it possible to easily make maps of any
desired scale on the computer monitor or on paper. Scale is only a consideration
when you measure on a physical map. Computers take the worry out of
determining scale accuracy. Because of the vast computational power of a
computer, there is no difficulty in scale conversion. The days of: “Let’s see, this
distance is 5.3 inches on the map, and 1 inch is 12 miles, so the distance is about
64 miles” are over. Scale is a minor concept in GIS—one used only on final
output.

Geographic vs. Projected



Coordinates: A Comparison

e Advantages of the spherical coordinate system—You can represent any
point on the Earth’s surface as accurately as your measurement techniques
allow. The system itself does not introduce errors.

e Disadvantages of a spherical coordinate system—You will encounter
complex and time-consuming arithmetic calculations in determining the
distance between two points or the area surrounded by a polygon
determined by a set of points. Latitude-longitude numbers plotted directly
on paper in a Cartesian coordinate system result in distorted—sometimes
greatly distorted—figures.

e Advantages of a projected coordinate system on the Cartesian plane—
Calculations of distances between points are trivial. Calculations of areas
are relatively easy. Graphic representations are realistic, provided the area
covered is not too large.

e Disadvantages of a projected coordinate system on the Cartesian plane—
Almost every point is in the wrong place, although maybe not by much. All
projections introduce errors. Depending on the projection, these errors are in
distances, sizes, shapes, or directions.

Whether you use geographic or projected coordinates, ensuring that the
parameters of geographic data match is of paramount importance in combining
GIS data sets if you want the right answers!=

Two Projected Coordinate Systems:
UTM and State Plane

A coordinate system called Universal Transverse Mercator® was developed
based on a series of 60 projections onto semi-cylinders that contact the Earth
along meridians. (To consider, for example, one of these projections, imagine a
sheet of paper curved so that it becomes a half cylinder whose radius is that of
the Earth’s. Then, with the axis of the cylinder oriented in an east—-west direction
—hence the term transverse—the paper is brought into contact with a globe
along the meridian designating 3° longitude. Then, the surface of the Earth
between 0° and 6° is projected onto the paper). This process is repeated for
central meridians of 9°, 15°, 21°, and so forth up to 357°. The term “zone” is



ambiguously used for this swath of territory. However, UTM projections are
further subdivided into areas, also called zones, covering 6° of longitude and, for
most zones, 8° of latitude. Further, ArcGIS divides a total zone into a northern
and a southern part. In any event, a coordinate system is imposed on the
resulting projection such that the numbers in any given zone:

e Are always positive
e Always increase from left to right (west to east)
e Always increase from bottom to top (south to north)

The representation of our previously discussed object (at 38° N and 84.5° W)
in the UTM coordinate system, when that system is based on WGS84, is a
“northing” of 4,208764.4636 meters and an “easting” of 719,510.3358 meters.
The northing is the distance to the point, in meters,” from the equator measured
along the surface of an “Earth” that has no bumps. The easting is somewhat
more complicated to explain because it depends on the zone and a coordinate
system that excludes negative numbers. Consult a textbook on geodesy or
cartography, or review the thousands of Web pages that come up when you type

the words
UTM "coordinate system" "Transverse Mercator"

into an Internet search engine (e.g., www.google.com).

One version of the UTM coordinate system is based on NADZ27. In this case,
our object would have different coordinates: northing 4,208,550.0688 and
easting 719,510.6393. This produces a difference of about 214 meters. If you
combined WGS84 UTM data with NAD27 UTM data, the locations they depict
might be in error by just enough not to be obvious at some scales, but great
enough to cause trouble.*

Each state of the United States has one or more State Plane Coordinate
Systems (SPCSs). They were developed, originally in the 1930s, by the U.S.
Coast and Geodetic Survey. These systems are based on different projections
(usually Transverse Mercator or Lambert Conformal Conic), depending on
whether the state is mostly north-south (like California) or mostly east-west
(Tennessee). The units of an SPCS may be international feet, survey feet, or
meters, depending on decisions made by the state itself.”? Zone boundaries
frequently follow county boundaries. The coordinate system(s) used in one state
are not applicable in neighboring states. Nor can you apply the SPCS of one
zone to areas in the state only a short distance away in another zone.
Furthermore, the difference between NAD27 and NAD83 (WGS84) can be
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startlingly large. In Kentucky, for example, 38.0000000° (North) and
84.5000000° (West) would translate into a northing of 1,568,376.1900 feet and
an easting of 182,178.3166 feet when based on WGS84. However, when the
basis in NAD27, the coordinates are 1,927.939.8692 and 182,145.9821, which
makes a difference of some 68 miles!

Why the large differences in projected coordinate systems based on NAD27
and those based on WGS84? Because those responsible for the accuracy of the
other coordinate systems took advantage of the development of WGS84—a
worldwide, Earth-centered, latitude-longitude system—to correct or improve or
change the origin of those projected coordinate systems.

State plane coordinate systems are generally designed to have a scale error
maximum of about 1 unit in 10,000. Suppose you calculated the Cartesian
distance (using the Pythagorean theorem) between two points represented in a
state plane coordinate system to be exactly 10,000 meters. Then, with a perfect
tape measure, pulled tightly across an idealized planet, you would be assured
that the measured result would differ by no more than 1 meter from the
calculated one. The possible error with the UTM coordinate system may be
larger: 1 in 2500.

Coordinate Transformations

Coordinate transformation of a geographic data set is simply taking each
coordinate pair of numbers in that data set and changing it to another pair of
numbers that indicates exactly the same spot on the Earth’s surface, but using a
different system of assigning coordinates.

Let’s make up a coordinate system for a garden delineated by lines between
stakes. Suppose the origin (0,0) is at the southwest corner. Now drive several
stakes in the ground so that if you passed a string around them it would outline a
polygon. Suppose you use a surveyor’s tape calibrated in survey feet to measure
the Cartesian coordinate for each stake. Stake 0 is at the origin (0.0). Stake 1 is
33 feet east and O feet north (i.e., 33,0). Stake 2 is at (33,10), and so on. See

Figure 1-8.
FIGURE 1-8 Locations of garden stakes
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Suppose the garden grows and then becomes overgrown. Next year someone
locates the origin and wants to find the original stakes. He also has a surveyors
tape, but it is calibrated in meters instead of feet. He asks you to provide the data
on where the stakes are in meters. In this case, the transformation of coordinate
systems is easy: You simply multiply each number by a conversion factor (the
number of meters per survey foot, which is 0.3048). So Stake 1’s coordinates are
10.06, 0). Those of Stake 2 are (10.06, 3.05), and so on. See Figure 1-9.

FIGURE 1-9 Locations of garden stakes

(3.05,7.62) (11.58,7.62)
(0,5.49)
(11.58,5.49)
(10.06,3.05)
(0,0 (10.06,0)

The stakes are in the same place that they were before. Their positions are
simply referred to by a different set of numbers. Geographic coordinate or datum
transformation is nothing more or less than this, except that the mathematical
operations applied to each number are usually more involved.



Physical Dimensionality

All matter exists in four dimensions—roughly characterized as left-right,
toward-away, up-down, and time. The first three are conceptually clumped
together and called “spatial dimensions.” Time is treated as a dimension here
because we want to talk about “position” in space and time.®

Any physical object occupies space and persists in time. This is true of the
largest object in the universe and the smallest atom. However, when the measure
of one or more dimensions of an object is small, or insignificant, with respect to
the measure of others or is tiny with respect to its environment, it is useful to
describe and represent objects by pretending that they occupy fewer than three
spatial dimensions. For example, a sheet of paper can be considered a pseudo-
two-dimensional object; it has thickness (up-down), but that dimension is
miniscule compared with left-right and toward-away. A parking meter in a city
could be considered a pseudo zero-dimensional object, because the measures of
all its dimensions are insignificant with respect to its environment. (The parking
meter would certainly not be considered a spatially zero-dimensional object by
its designer, manufacturer, or the driver who uses it. Therefore, the pseudo-
dimensionality of an object depends on its context.)

It is important to consider the pseudo-dimensionality of both an object and the
field (the space) in which it resides. A point on a line is a zero-dimensional
object in one-dimensional space. A line segment on a plane is a one-dimensional
object in two-dimensional space. A polygon is a two-dimensional object in a
two-dimensional space. A point in a volume is a zero-dimensional object in
three-dimensional space. The dimensionality of the object must be less than, or
equal to, the dimensionality of the space in which it resides.

This issue of dimensionality comes into play here because great economies of
computer storage are achievable if an object is considered to have fewer
dimensions than it actually does. For example, describing a fire hydrant as a
complex three-dimensional spatial object would be an arduous task and involve
many numbers and much text. If it is considered a zero-dimensional object, its
location can be described (very precisely, but still inexactly) with three numbers,
perhaps representing the latitude, longitude, and altitude of some point on the
hydrant or, perhaps, its center of mass.

The spatial dimensions of a spatial pseudo-zero-dimensional object are
insignificant with respect to the context or environment in which it resides. A



theoretical geometric point is the prototypical example. Examples of such zero-
dimensional objects on maps or in a GIS could be streetlights, parking meters,
oil wells, census tracts, or cities—depending on the spatial extent of other
objects or features in the database.

A spatial pseudo-one-dimensional object or feature has no more than one
significant dimension or is made up of essentially one-dimensional objects. A
straight-line segment is the prototypical example. In terms of making a one-
dimensional object up from component parts, consider the example of a
telephone wire strung from one pole to the next to the next and so on. It is
considered a one-dimensional object, even though the poles may not be in a
straight line, so that the phone line zigzags over a two-dimensional field. (The
line itself sags and persists in time—and therefore exists in a four dimensional
context—but these facts notwithstanding, it can be simplified or generalized into
a one-dimensional feature—saving us lots of computer storage, processing time,
and conceptual complication.) Roads, school district boundaries, pipes for fluid
transportation, and contour lines on a topographic map are all examples of
pseudo one-dimensional entities.

You can disregard the up-down dimension in a spatial-pseudo-two dimensional
object. Plain areas such as voting districts and soybean fields are examples. Such
pseudo-areas lack vertical components—variability in altitude—that can be
important. The true surface area of hilly terrain may be considerably
underrepresented by the plane area within the borders of the plane figure that
represents it.

You must consider all dimensions of a spatial three-dimensional object in order
to represent it. Three-dimensional features are volumes—say, a coal seam or a
building.

Relative to each other, positions of features that we record with a GIS do not
move, or do not move quickly, with respect to each other. Sometimes we want to
know how conditions change or object move. The representation of the objects
may be zero-, one-, two-, or three-dimensional. At its most complex, GIS would
involve all four dimensions. Most GIS operations and data sets are two-
dimensional; the data are assumed to pertain to moments in time, or stable
phenomena or conditions over a period of time. Three-dimensional GIS could
involve either three spatial dimensions (such as representing the volume of a
limestone quarry) or two spatial dimensions and varying time (showing
historical changes in a landscape). Rarely will you use four-dimensional GIS.

Results from a GIS are always only an approximation of reality. One of the



reasons, among others to be discussed later, is that we simplify objects by
reducing their dimensionality.

Global Positioning Systems

A global positioning system (GPS)2 is a satellite-based system that provides
users with accurate and precise location and time information. Using NAVSTAR
GPS, you can determine locations on Earth easily within a few meters, and, with
more difficulty and expense, within a few centimeters or better. Timing within
40 billionths of a second (40 nanoseconds) is easily obtained. Timing within 10
nanoseconds is possible.

The U.S. Department of Defense operates NAVSTAR GPS in cooperation with
the U.S. Department of Transportation. The acronym NAVSTAR stands for
NAVigation System Timing And Ranging Global Positioning System.”
Informally, it is the Navigation Star.

The Russian GLONASS (Global Navigation Satellite System) operates
similarly. Concerns about U.S. control over NAVSTAR led Europe to begin
development of its own independent Galileo system in 2002, but it is just now
becoming operational. China is developing the BeiDou (Compass) GNSS.

A GPS receiver, which “remembers where it has been,” is becoming a primary
method of providing data for GIS. For example, if you drive a van with a GPS
antenna on its roof along a highway, recording data every, say, 50 feet, you will
develop an accurate and precise map of the location of the highway. The
NAVSTAR GPS is discussed in Chapter 5.2

Remote Sensing

Remote sensing probably stated with photographs taken from balloons in the
1840s. The first automated system (not requiring human beings to be with the
sensors) may have been in the 1890s in Europe when cameras programmed to
take pictures at timed intervals were strapped to pigeons!

Evelyn Pruitt probably introduced the modern use of the term “remote
sensing” in the mid-1950s when she worked as a geographer/oceanographer for
the U.S. Office of Naval Research (ONR). Remote sensing uses instruments or
sensors to capture the spectral characteristics and spatial relations of objects and



materials observable at a distance, typically from above them. Using that
definition, everything we observe is remotely sensed. More practically,
something is sensed remotely when it is not possible or convenient to get closer.

We can categorize remote sensing for GIS many ways. Data can be taken from
aircraft or satellite “platforms.” The energy that the sensor “sees” can come from
the objects or areas being examined as a result of radiation emanating from them
(caused by the sun or other heat or light sources) or from radiation bounced off
them by an energy source associated with the sensor (e.g., radar or lidar). The
images produced may be developed on film or produced by digital sensors.
Satellites in geosynchronous orbits can hang in a single spot over the equator.
Those in near polar orbits can see different areas of the Earth as it turns. Chapter
2 offers examples of remotely sensed data.

Relational Databases

GIS relies heavily on databases of text and numbers. The relationship between
such information and geography is discussed later in the chapter. For now, you
simply need to know how text and number data sets are stored.

For this discussion, a database is a collection of discrete symbols (numbers,
letters, and special characters) located on some physical medium with at least
one principal underlying organization or structure. An old-fashioned library card
catalog is an example of a database with a single underlying structure: an
alphabetical list of authors; the medium is 3 x 5 index cards, and the data are the
symbols on the cards describing books and their locations in the library. Most
libraries have substituted computer-based catalogs with the advantage that a user
can search and find not only authors but titles and subjects as well, so a number
of organizing themes may underpin a database.

Another example is a “hard disk” that has recorded the most common type of
soil found in a specific acreage in a county. The disk is the physical medium, the
codes assigned to a soil type constitute that data, and the location of each acre—
as understood from the position of each datum on the disk—could be the
underlying structure.

Existing general purpose databases usually:

e Result from some sort of project; some individual or team constructs it—
frequently going to considerable effort.
e Need to be updated (modified and corrected as time progresses) if they are



to continue to be of value.

e Contain errors regardless of size, care of construction, simplicity of data, or
quality or physical medium used.

e Serve a function when allied with some process. The function may be as
simple as supplying a telephone number from a physical phone directory
(structure—alphabetical by name; medium—cheap bound paper; data—
phone numbers, in very small type; process—looking up a name, finding the
adjacent number). The function served by the database might also be quite
sophisticated—supporting far-reaching land use decisions, for example.

Numerous databases are used to solve problems at all levels of government.
Access to these databases is achieved through the use of referencing schemes.
Following are some examples:

Referencing Scheme Examples of Data Contained

Names of people Salary, Social Security number, medical history, criminal record
Auto license plate number Car color, owner, serial number

Street address House value, lot size

Job title Person employed, duties, salary

Transaction number Money received, paid, transferred, invested

Events Schedules, orders, crimes, accidents

Many schemes exist for presenting or storing data. Suppose parents want to
find a name for a newborn child. A list of potential names in random order might
be provided. It would probably be more useful if the list were divided into girl’s
names and boy’s names. Another improvement could be to alphabetize the list,
or present it in terms of current popularity of names.

As a second example, consider how you might store telephone numbers
associated with names and addresses. You could order the list alphabetically, so
you could easily find a phone number, knowing the name. Or you could order
the list numerically by telephone number, so you could find a name, given a
number.

A different sort of data structure is “hierarchical.” You could use this approach
to store the names and positions of people in a corporation or a military
organization based on who reports to whom. Likewise you could store voting
districts within counties within states. In the computer world, this “tree-
structured directory” approach is used to organize the folders and files contained
on a hard disk drive on a computer. Any folder on the disk may store other
folders and files.

Many schemes exist to store information in the memory of a computer or on
its secondary devices, such as disk drives or tapes. The primary method used to



store large amounts of information is called the “relational database,” or RDB,
developed by E. F. Codd.2 The software is described as a RDBMS (relational
database management system). The idea is simple: use a set of two-dimensional
tables; for a given table there is a prescribed format in which the rows relate to
entities (objects, people, things in general), while the columns relate to attributes
(characteristics, properties) of entities. The intersection of a given row and a
given column is a cell, containing a value, which defines the particular attribute
of the particular entity. See Figure 1-10.

FIGURE 1-10 Components of a relational database table

Relational Database Nomenclature

Columns consist of “ltems” or “Fields.”

Columns hau‘nymes. / \
Month

Rows consist of
“Records™ or —

“Instances.” \

A

\
\

A cell contains a value appropriate to its column and row.

You can use a database table to store names, occupations, and pay schedules of
employees, as in Figure 1-11.

FIGURE 1-11 Trivial example of a relational database table
Garden-Varlety Database

oy

Name Occup |Pay_Sched
Smith Welder Hourly .
Jones Accountant |BE-Monthly
Adams Attorney Monthly

[=]

Another example shows part of a database of automobiles registered in a state.
Each row would represent one car; each column would represent one property of

cars. See Figure 1-12.

FIGURE 1-12 An RDB of automobiles




Mfgr Mum_Doors VIN Color Weight
Porsche 2| 123X%X Silver 2300
Porsche 2 | 88TAEC White 2100
Toyota 419880123 Grey 2350
Honda 4 | 456789 Blue 2999

Here is some terminology: The structure that contains the entity, the row, is
also called a tuple or record. The structure that contains the attributes, the
column, is also called a field or an item.

All the cells of a given column must contain the same sort of value. Some
common ones are as follows:

Character—Any valid ASCII character in a string of almost any length.
Short integer—Can range from slightly less than —32,000 to slightly more
than +32,000.

Long integer—Can range from slightly less than negative two billion to
slightly more than positive two billion.

Floating-point number—Can have an exponent as small as 10™ and as large
as 10%, and you can be assured of six significant digits of precision.
Double-precision floating-point number—Can have an exponent as small as
10" and as large as 10*, and you can count on 16 significant digits.
Boolean®—A value that is either true or false.

Getting Information from a Relational
Database: Queries

Relational databases are designed to give you information. You can obtain the
information by selecting a subset of records from the total set by writing an
expression that is a mixture of attribute names, arithmetic and logical operators,
and values.2 For a trivial example, suppose that research has found that gray cars
that weigh less than 2500 pounds put their occupants in greater risk than
average. You want to select those records from the statewide automobile

database. You might first get all the records of the cars that are gray.
SELECT: COLOR = 'Gray'

Given that subset, you might then write
SELECT: WEIGHT < 2500

Given this sub-subset of records, you could perhaps write letters to the owners



of those cars, making them aware of the danger they face.
Languages to get subsets of records can provide flexibility and efficiency. For
example, to do both of the preceding operations with one expression, you might

write
SELECT: COLOR = 'Gray' AND WEIGHT < 2500

Suppose also that the research study showed increased danger to those
occupying cars that were built in 1985 or before, regardless of color or weight.

You might add to the preceding selection by saying
ADDSELECT: YEAR <= 1985

(ADDSELECT means add to the current set of selected records.)

Or you may use a single query to select all the records you want at once:
SELECT: (COLOR = 'Gray' AND WEIGHT < 2500) OR YEAR <=1985

Note the use of parentheses to indicate the order in which operations are done.

Economies in Relational Databases

In theory, the information in a relational database system could reside in a single
table. This isn’t the best policy and in reality may not even be possible. A
relational database usually consists of a set of tables that relate to one another—
thus, the word “relational.”

Each relational database table must contain a column that has a unique
identifier for each record in the table. This is known as the key field. If the
relational database references people, the key might be Social Security number,
employee number, or student number. In the case of automobiles, the key code
might be the vehicle identification number (VIN).

To illustrate why multiple tables might be used, suppose that, in our relational
database, it is possible for one person to own more than one automobile. If the
entire database is all in one table, then the names and addresses of each multicar
owner must be repeated, which increases the amount of storage required. If a
multicar owner gets a new street address, several records in the database table
would have to be changed. Further, some of the data about owners might be
located in another database and might be private. The elegant answer to these
problems is to have several tables that contain the information, divided to
minimize the repetitions. In the automobile example, it might be that only the
owner’s identification number is stored in the record of the car itself. This
number could be the key field in the database table containing information about



owners. If some of the owner information is private, it could be stored in a
separate table as well, with the same key field. The database could be set up so
that this table could not be accessed by the automobile table.

Relational database tables that meet certain requirements of efficiency are said
to be in first normal form (1NF), second normal form (2NF), and so on. The
higher the number, the more efficient the database.

In summary, it is useful to partition the information in a relational database
into a number of tables. Such partitioning can

Reduce the amount of redundant data stored

Aid in updating the database

Reduce the chances of inconsistency and instability in the database
Aid in protecting private or sensitive data

Languages have been developed for retrieving information from a relational
database. One is the Structured Query Language (SQL), developed by the
American National Standards Institute (ANSI). You use it to execute queries of a
database. Vendors of relational database management systems also have
developed proprietary languages.* Esri products interface with a number of
RDBMS from various sources.

Databases—What’s Meant by “Relational”

What you have seen so far is one aspect of the RDB: a two-dimensional table in
which you store entities as rows and attributes as columns. What is it that makes
the relational database such a powerful approach to storing information? One
answer lies in the fact that a RDB can be much more than a single table. Usually
it is a number of tables that are related to one another, as previously discussed,
that provide for efficiency, flexibility, and ease of updating.

Table 1-1 illustrates a database that might be created by a motor vehicles
licensing department. Parts of the database connect to other databases formed by
other government departments. Shown in Table 1-1 are nine relational database
tables; the RDB table name is on the top line; the attribute names are on the
second line. None of the tens of thousands of cells is shown.

TABLE 1-1



MASTER

Plate_# | Owner_ID

OWMNER
Owner ID | Mame | Address | 55N
WEHICLE
Plate # | Color | Model | Year | Type_code | VIN
VYEH_TYPE
Type Code | Weight | Length | Width | H_Power | Fusl_Cnsup
VOTERS
SSN | Mame | Precinct_Code | Regdis_Party
FRECINCT
Prec_Mame | Location | Supervisor | Precinct _Code
ARRESTED
Mame | Alias | S5M | Offense | Conwvicted | Court _Doc #
ACCOUNTING
Plate # | Date_Paid | Insurance_Co_Code
INSURERS

Insurance Co Code | Co_Mame | Location | Phone
Here, mainly for purposes of illustration, the MASTER table is miniscule,
consisting only of a license plate number and an owner identification. The key
field, shown in bold font, consists of a unique character string (no two license
plates are the same) and an owner identification number. The contents of this
second column may not be unique, since one person my own several vehicles.

Both fields in MASTER refer to—link to—the other eight tables, either
directly or indirectly. Plate_# allows the user access to both VEHICLE and
ACCOUNTING.

The VEHICLE table describes some of the attributes of the car or truck in
question. Since some aspects of all vehicles of a certain year, model, and
manufacturer are identical, it would be a waste of space and an updating
nightmare to place this information in a record describing a particular vehicle.
So each record carries a Type_Code that refers to a key field in the table
VEH_TYPE. There you will find the vehicle weight, length, width, horsepower,
and fuel consumption data.

The ACCOUNTING table indicates whether taxes and registration have been
paid. Also, here is a reference to the INSURERS table, which -carries
information about the companies that insure vehicles in the state.

The other column in the MASTER table contains an Owner ID code that
matches up with the key in the table OWNER. That table could contain a host of
information about the owner of the vehicle. Shown in the table are names and
addresses. Also there is the owner’s Social Security number (SSN). Perhaps
there is a “motor-voter” effort to register all vehicle owners. With the SSN,




which is the key field in the VOTERS table, a user could determine which
owners were already registered to vote. Further, with the Precinct_Code,
information about the location of the voting precinct could be obtained.

Finally, the SSN also allows a link to the table ARRESTED so that drivers
with moving violations or driving while intoxicated could be identified. Both the
VOTERS and ARRESTED tables probably would reside in some other
department, so maintenance of those tables would not fall to the Department of
Motor Vehicles, yet the DMV would have access to the information.

Most governments and organizations have extensive and perhaps sophisticated
techniques or systems for storing and manipulating data that can be referenced
by these and other schemes. Here, we are interested in the quite-useful
referencing basis that has not been developed as extensively, however. It may be
known as several names: geographic, land locational, geodetic, or spatial
position.

Relational Databases and Spreadsheets

A relational database table may look a lot like an electronic spreadsheet, such as
Microsoft Excel. There are some important differences:

e A relational database is structured, with rows and columns strictly defined.
In a spreadsheet, you can put anything anywhere.

¢ In arelational database, the headings of columns are not stored in cells of
the relational database. The column headings (attribute names) are known to
the database software and are displayed, but are not part of the data. In a
spreadsheet, column headings occupy cells.

¢ A relational database is a logical object about which conjectures can be
made and theorems proved. An entire branch of computer science is devoted
to work with relational databases.

Searching (and Indexing) in General

In the exercises for this chapter, you will be addressing the subject of searching
for data. A considerable part of the discussion will relate to indexing names of
data files. You may wonder why. The discussion below will explain the
rudiments of indexing (which is basically sorting) and why it is important.

A computer can easily search a list of items for a particular item. It simply



checks each item in the list against the “search string,” and when it finds the two
are equal, it declares success. For a trivial example, suppose we had the list of

strings, each consisting of three characters and each associated with a number:
GHU 2343

UCK 7765
OPR 8828
PRO 1234
ZYX 7876
QWA 9500
ASD 3456

If we wanted to find the number associated with QWA, we could program the
computer to compare the query (text string) QWA with the first string in the list:
GHU. No match, so we go on to the next string (UCK). Again, no match.
Finally, we would come to QWA in the list and get our answer: 9500. As you can
probably guess, on average we would have to look through half the list to find a
given string. In this case, it took six comparisons before the string was matched.

However, if we sort the list alphabetically (carrying along the associated

number) we would have:
ASD 3456

GHU 2343
OPR 8828
PRO 1234
QWA 9500
UCK 7765
ZYX 7876

Now we can apply a clever strategy. We look first at the middle of the list:
PRO. It doesn’t match QUA, but we know that QUA is alphabetically “greater
than” PRO, so we only need to be concerned with the bottom half of the list. We
pick the middle of that for the next comparison: UCK. Now we know we’ve
gone too far, so we go halfway back and find QWA. This process, called a binary
search, took only three comparisons.

This example, which we’ve kept very small, only hints at the power we have.
If our list to be searched consisted of two million strings, then the first searching
method (sometimes called brute force) would, on average have to do a million
comparisons. In the worst case, it would have to do two million comparisons.
How many would a binary search have to do? In the worst case, about 22.



You may say that you realize the tremendous advantage of a binary search (in
which you essentially “throw out half the remaining list each time and, thus, reap
the rewards of reducing the list in an exponential fashion) but you point out that
the list had to be alphabetized to begin with. Four considerations come in to play
here. First, computers are very good at sorting—Iots of very fast algorithms exist
for the process. Second, the sorting can be done “in the background”—during
times when you aren’t sitting in front of the machine waiting for a search to
succeed. Third, once the alphabetization has been done, innumerable sorts can be
run—each highly efficient. Last, if a new element is to be added to the list, it can
be inserted in its proper place in the list, without resorting the entire list.

Another Definition of GIS

Each record in a relational database references something: a person, object, idea,
equation, feature, subject—some unique entity. In a GIS, the entity is usually a
spatial three-dimensional feature such as a parking meter, lake, railroad, and so
on.2 These 3-D features are almost always reduced to abstract objects of fewer
dimensions. The parking meter is a point, the railroad is a set of lines, and the
lake is an area bounded by a sequence of lines.

Usually, a record in a relational database references a person or object without
respect to its current location. A subject of a record in a relational database
frequently moves around—Ilike cars or people. However, when the subjects of a
relational database are fixed in space, the position, or positions, of the feature
may be included in the description of the feature along with the attributes. In one
sense, the location of the object becomes one of its attributes.

Points

Here, for example, is a map and part of a relational database that together
describe fire hydrants in a town. (See Figure 1-13.) Each hydrant has a unique
number and is, thus, the key field. Fire hydrants (each of which has a latitude
and longitude specification) correspond one-to-one with the records in the
database.

FIGURE 1-13 Marriage of a point geographic database and a relational
database table
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Let’s consider another definition of GIS: From a computer software point of
view, a GIS is the marriage of a (geo)graphical database and an attribute
database (frequently a relational database).

Lines

As mentioned earlier, a GIS can store and analyze pseudo-one-dimensional
entities such as roads. Here, each RDB table record would refer to segments of a
roadway between intersections. The attributes might be number of lanes,
highway number, street name, pavement type, length, and so on. See Figure 1-
14.

FIGURE 1-14 Marriage of a line geographic database and a relational

database table
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Again: A GIS is the marriage of a (geo)graphical database and an attribute
database.

Lines

Areas

A GIS needs to be able to store information about areas, as well as points and
lines. For example, such areas might be ownership parcels. Each parcel would be
delineated by the lines determined by a land surveyor. Those lines define an



area. A record would exist in the relational database that would correspond to the
area. The attributes in the record might be owner’s name, tax identification
number, area of the parcel, and perimeter of the parcel. See Figure 1-15.

FIGURE 1-15 Marriage of a polygon geographic database and a relational
database table
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Did I mention? A GIS is the marriage of a (geo)graphical database and an
attribute database.

Computer Software: In General

Computers, considered at the most fundamental level, do only three things:* get
input, manipulate data, and produce output; that is, read bits, stir bits, and write
bits. What tells the computer what to do? In the early days of computers, more
than half a century ago, each individual instruction to a computer came from
outside, one at a time. This process was soon automated so that external media,
such as perforated paper tape or magnetic tape, contained the instructions. Then,
several scientists? got the idea of placing the instructions in the store of the
computer itself. This major breakthrough in computer development allowed the
computer to execute one group of instructions and then, on the basis of testing
bits in its memory (e.g., Is number “a” larger than number “b”?), execute another
group of instruction in a different place in that memory. This let the computer
simulate “reasoning” and “decision making.” This concept of a stored program
revolutionized computer use.

The modern computer may hold an immense number of data sets and store a
large number of programs. If a given program or data set not being used usually
resides in “slow” disk (usually electromechanical) memory. Dealing with large
numbers of diverse elements requires a management scheme. With computers



this takes the form of an operating system that allows the user to execute specific
programs when desired, connects the computer to other computers (e.g., by way
of the Internet or other network), makes copies of files, and performs many
housekeeping activities.

Writing sets of instructions to be stored in the computer’s memory is known as
programming. Developing and marketing programs (software packages) is an
immense business. The operating system that your computer uses is a software
package. The word processor used to write this text is a software package. And
the GIS you are about to learn, known as ArcGIS from Esri, is a software
package, or rather a suite of software packages.

Computer Software: ArcGIS in Particular

ArcGIS is an integrated GIS that consists of different principal parts. We are
working with ArcGIS Desktop software, which is an integrated suite of advanced
GIS applications. Esri also has interfaces for managing geodatabases in a
database management system (DBMS). Also there is an Internet-based GIS for
distributing spatial data and services. Esri also has software extensions such as
ArcPad, which provides GIS capability for palmtop or handheld computers.

ArcGIS is called a scalable product because it allows for deployment of GIS
of many different “sizes.” A user can choose to have only a system running on a
single computer—a personal GIS—that allows viewing and simple selection of
spatial data without capabilities of editing or extensively analyzing that data. At
the other end of the scale, a multiuser GIS can serve an entire company or
governmental agency. This enterprise GIS allows all the capabilities of the
software. Options also include systems of intermediate functionality known as
workgroup GIS and department GIS.

For many products, the price charged depends on the features and utilities that
the product provides. When one manufacturer produces many different products,
users must learn how to combine and package them to provide the correct degree
of utility required (you do not need a school bus if a sedan will do). This is also
true of Esri products.

Software Focus of This Textbook

In this introductory text, we confine ourselves largely to ArcGIS Desktop. The
other products pertain primarily to managing GIS data for large applications or



organizations and to distribute GIS capability and data to users over networks.
Our emphasis is rather on the analysis, synthesis, and display of spatial and
attribute information. You will see an exercise on publishing map data on the
Internet.

ArcGIS Desktop itself is divided in a number of different ways. It has three
main software packages:

e ArcMap
e ArcCatalog
e ArcToolbox

ArcMap lets you put together graphic and geographic elements to make
sophisticated maps and interact with them. It allows you to obtain information
from those maps and the attributes associated with their components, by using a
variety of processing methods.

ArcCatalog is mainly an operating system for geographic data. ArcCatalog
allows you to set up shortcuts to reach particular files of data quickly and easily
and examines those files visually and textually. You can use ArcCatalog to
rename and copy spatial data sets. You can use a part of ArcCatalog, called the
Catalog Tree, to place data into ArcMap.

You use ArcCatalog or ArcMap to access ArcToolbox, which provides
immense geo-processing and analysis capability. It has tools to do 3-D analysis,
spatial analysis, and spatial statistical analysis, to convert from one spatial data
paradigm to another (vector to raster, and vice versa), and to convert spatial data
into myriad geographic projections.

These three packages are fundamental to ArcGIS, but you have probably
noticed many other ArcXxxxxxx terms floating around. As a scalable product,
ArcGIS desktop allows you to purchase what you need. The different levels of
capability are bundled into four different packages. In terms of increasing utility
(and cost) they are as follows:

ArcReader (free)

ArcView (as of version 10.1 of the software it is called “Basic™)
ArcEditor (“Standard”)

ArcInfo (“Advanced”)

Knowing the capabilities of each is not important for our immediate purposes.
You should know that some of these terms are recycled from earlier Esri product
names. In particular, ArcView 10.x is a different animal from ArcView 3.x.
ArcView 10.x is a level of capability of ArcGIS Desktop; ArcView 3.x is an



older, but still supported and useful, independent software package.

'‘Esri is the Environmental Systems Research Institute. Esri makes the
software, ArcGIS, which you will use in this text to understand the concepts
of geographic information systems.

{[...] indicates an omission.

In this text “GIS” stands for “a geographic information system,” or for the
plural “geographic information systems,” depending on the context.

‘These maps are also available on the DVD that accompanies the text. They
are the image files: Key_to_maps.jpg, Landcover.jpg, Soil_suitability.jpg, and
Streams_&_Sewers.jpg located in the folder IGIS-Arc_AUX.

‘Descartes, who lived from 1596 to 1650, made major contributions to both
mathematics and philosophy. Descartes is credited with integrating algebra
and geometry, by inventing the coordinate system that (almost) bears his
name.

“It’s best not to practice this exercise where other people can see you.

‘For example, in the two dimensional Cartesian plane, a mathematician will
measure angles starting from the positive x-axis (east) as zero and increasing
counterclockwise, to 360 degrees (which is, again, zero). The navigator (think:
compass) or cartographer will also use 360 degrees to represent a full circle,
but measures clockwise from the positive y-axis (north).

“Descriptions of points aren’t always just numbers. A possibly apocryphal
“metes and bounds” description of a point in Kentucky a couple of centuries
ago was “Two tomahawk throws from the double-oak in a northerly
direction.”

‘Well, hasn’t moved much. If it was on the island of Hawaii, it has moved
northwest at about 4 inches per year. Also, if you are unfortunate enough to be
in a place where there was an earthquake, it might well have moved and not
returned to its original position.

YBased on a monument on Meades Ranch, in Kansas; the Clarke 1866
ellipsoid was meant to minimize the error between itself and the geoid in the
United States.



IGRSA80 is a global geocentric system based on the ellipsoid adopted by the
International Union of Geodesy and Geophysics (IUGG) in 1979. GRS80 is
the acronym for the Geodetic Reference System of 1980.

LThis description is a sort of a cartoon to describe a map projection. A map
projection is actually a mathematical transformation that “maps” points on the
globe to points on a plane; the process may be quite complex depending on
the projection; a single light source at the center of the globe does not suffice
to explain it.

EThe parameters of data sets may not always match but may be close enough
so that any error introduced is trivial. In many instances and places, for
example, NAD83 and WGS84 match within centimeters. However, you must
research carefully to know when you can use data sets that don’t match
exactly. The Esri manual Understanding Map Projections can help.

“The idea of the Mercator projection was developed in 1568 by Gerhardus
Mercator, a Flemish geographer, mathematician, and cartographer.

“In fact, the meter was originally defined as one tenth-millionth of the
distance from the equator to the North Pole, along a meridian that passed
through Paris.

“Comparing these coordinates with the WGS84 UTM coordinates, you see
that virtually all of the difference is in the north-south direction. While true for
this particular position, it is not true in general.

UThe meter is the standard unit of length in most places in the world. Two
different lengths of “foot” are defined in terms of the meter. A “U.S. Survey
Foot” is one in which a meter is considered to be 39.37 inches, exactly; the
other sort of foot is the international foot, where an inch is 0.0254 meters,
exactly. The survey foot and the international foot are almost, but not exactly,
the same length.

“In physics, time is treated as the fourth dimension because it is inexorably
bound up with the other three according to Einstein’s theories (special in 1905
and general in 1916) of relativity. This connection need not concern us except
for some esoteric technical matters related to time on global positioning
system satellites (for one, time on a satellite runs faster because it is farther
from Earth, where there is less gravity).



“Also referred to as a positioning, navigation, and timing (PNT) system, or a
global navigation satellite system (GNSS).

2See also Prof. Kennedy’s textbook The Global Positioning System and
ArcGIS, Third Edition, 2010, CRC Press (Taylor & Francis Group), 301

pages.

2Edgar F. Codd was the originator of the relational approach to database
management, which he introduced in 1970. For this work, he was the recipient
of the Association for Computer Machinery (ACM) Turing award in 1981.

2Named after George Boole, mathematician (which is why it is not spelled
Boolian).

2There are many relational database software products and several different
languages used to query them. What is shown in the following is not a specific
query language but rather a generic representation of such a language. ArcGIS
may be used with several relational database products, each with a somewhat
different query language.

“Some names of past and present relational database management system
software products are Access, dBASE, Informix, Ingres, Oracle, SQL Server,
and Sybase.

2In raster-based GIS, the entity is a set of (usually) square areas that share
common values. This approach will be discussed extensively in Chapter 8.

“Fundamentals that we’ll discuss further in Chapter 6.

2John von Neumann, J. Presper Eckert, John Mauchly, Authur Burks, Maurice
Wilkes, and others.



Chapter 1

Some Concepts That Underpin GIS
STEP-BY-STEP:

Exercise 1-2 (Project) Developing a Fast Facts File for the
Information You Learn To make this textbook work well for you, I
strongly recommend that you create and maintain a Fast Facts File—a
computer text file in which you can record what you learn so that it is at
your fingertips. It will serve you whenever you need to know a particular
bit of information or perform an operation. Much of what you do you
will put into your own fast memory (contained in your cranium), but
there will be a number of facts that your fast memory may not contain
when you need them. Here’s where the Fast Facts File comes in. It is a
computer-based equivalent of a loose-leaf notebook that you continually
revise and update. There’s where you should put procedures and concepts
you might forget after a couple of weeks of doing work other than GIS.

For example, you might use the file to note techniques for changing symbology (colors and
symbols that represent features on a map), which are addressed at various points in the text
and the software. You can note the techniques down as you work with them and reorganize
them later. The computer-searchable file helps you find what you need when you need it, even
if you fall behind in organizing.

Periodically reorganize your notes. Occasionally print out the file and put it in a notebook.
Periodically back up the file onto a flash drive, CD-ROM, or e-mail it to yourself. As you
progress through this text, you will develop your own little book that will aid you in this
course and thereafter. Also, because you write it, it will be organized in a way that meets your
needs—both as a tutorial and a reference document.
__ 1. Use a text editor (e.g., WordPad) or word processor (e.g., Microsoft® Word) to
create the Fast Facts File. Put your name and other contact information in it. Initially include
your computer account name (not your password—put that somewhere else), how to start
various software programs, and so on. The file will evolve as you study. For the moment,
start the file and keep it open. It should at least contain the following: Name:

User or Logon Identifier:
Password hint or secure location:

Do not save the file yet.

Understanding the File Structure for the



Exercises You will be working primarily with
two major folders or directories. The first of
these folders will be IGIS-Arc. It will contain
the data for the exercises. It will start off as,
and will remain, a direct copy of the IGIS-Arc
folder that is on the DVD in the back of the
book. If you are in class, operating off a
network, your instructor will probably have put
this folder somewhere in the network file
structure. If you are using this book on your
own, you should load the IGIS-Arc folder that
is on the DVD directly onto your local hard
drive. In either case, the IGIS-Arc folder
should be protected so that changes cannot be

made to it.

__ 2. Locate or create the IGIS-Arc folder. It may be in the root folder of
a hard drive on your computer, or it may be several levels down in a
hierarchy. Whenever it is referred to in this textbook, it will be represented
as: [___]11GIS-Arc The symbols [___] might represent something as simple
as C:\ or it might be a long path such as: U:\ABCNet\GIS_Students\GIS401

Write the path you will associate with the symbol [ ] below: [ ]
means

You will use a second folder to store the work that you do. It will be
specifically yours; your initials will be made part of the folder
name. For example, if your name were John W. Stephenson, the



folder would be called IGIS-Arc_JWS. In the next step, you will

create this folder.
__ 3. Decide where on the computer or network you want to store your
work. Use the operating system of the computer to make a new folder by
navigating to and selecting the appropriate drive or path, clicking the New
Folder button in Windows 7 or, in Windows XP, opening the File Menu, and
clicking Folder when it shows up under New. Once the folder is created,
change its name to IGIS-Arc_YourInitials

(For example, IGIS-Arc_JWS).

In this textbook the simple blank, _ will designate the disk drive and/or
path to the folder where you keep your work.

Write the path associated with the symbol _ below: __ means

4. Save your Fast Facts File in the folder you have just created, giving it
the name FastFactsFile. In other words, the full path and filename for your new
Fast Facts File will be as follows: ___ IGIS-
Arc_YourInitials\FastFactFile.someextension To recap: when I use the
designation [ ]1IGIS-Arc (note the square brackets), I mean the place where
the data sets on the DVD have been placed on your computer system. You
should not change any of these folders or files.

When I use the designation _ IGIS-Arc_YourInitials

(note the presence of YourlInitials), I am referring to the location that contains
your work.

Exercise 1-3 (Minor Project) Getting Set Up with ArcGIS

A click or two of the mouse should get you to the ArcGIS software package. This should
provide easy access to two major components: ArcCatalog and ArcMap. They, in turn, provide
access to a third component; ArcToolbox.

Depending on how your computer is set up, you may reach a component by clicking an icon
on the desktop, or by navigating to it by clicking Start > All Programs > ArcGIS > the
component name—or via some other way prescribed by your instructor.
___ 1.2 Find the name or icon for ArcCatalog, right-click it and choose Properties. In the
ArcCatalog Properties window, the Target should be something like: C:\Program
Files\ArcGIS\Bin\ArcCatalog.exe Is it? If not, write the target here:

Find and write the target for ArcMap.?

2. Start ArcCatalog by double-clicking the icon you found in Step 1.




ArcCatalog serves as sort of an operating system for GIS. You
manage data with it. The Step-by-Step part of this chapter is largely
an introduction to ArcCatalog. (In ArcGIS 10, a part of ArcCatalog
can also be accessed from within ArcMap as a sidebar item as you
will see shortly.)

__ 3. Dismiss ArcCatalog by selecting Exit from its File menu.

4. Start ArcMap. Look under New Maps, then My Templates
and agree to start using ArcMap with a Blank Map.

ArcMap is the software package that performs primary and major
GIS operations, such as making maps and analyzing spatial data.
The Step-by-Step part of Chapter 2 serves as the introduction to
ArcMap. Both ArcMap and ArcCatalog allow you to access
ArcToolbox, which is used for many advanced GIS operations, such
as data conversion.

5. Dismiss ArcMap by clicking the “X” in the red box in the upper-
right corner of the window.

6. If available, start Arc, which is one of the modules within ArcInfo
Workstation.

The programs Arc, Arcedit, Arcplot, Grid, and some others are
instructed through text commands that are typed by the user after a
prompt (such as Arc:). Contrast his with most familiar programs in
which you “point and click.” Typed input from a command line
directed Esri software prior to ArcGIS version 8. The Graphic User
Interfaces (GUIs) of ArcCatalog and ArcMabp are relatively efficient
and elegant ways to invoke Arc and do serious GIS work.
Unfortunately, ArcInfo Workstation is not going to be around much
longer; Esri is phasing it out with ArcGIS Desktop 10.1. If you have
it available, learning ArcInfo Workstation provides a realization as
to how much GUIs can slow things down while at the same time
making life easier.

7. If you started Arc Workstation, leave the Arc program by typing
Quit at the Arc: prompt.



Exercise 1-4 (Project) Looking at the ArcCatalog Program Esri has
developed ArcCatalog as an entire product that is basically designed to
help you find, select, understand, and manage geographic data files.
You’ll begin by starting this software and exploring it. Then, considering
the definition of GIS—that it is an information system (IS) whose
database is a marriage of geographic database (GDB) and relational
database (RDB)—you’ll use ArcCatalog to look at a ridiculously simple
GIS dataset. A village has developed a system to help with town planning
and maintenance. One part of the GIS is a set of features consisting of
fire hydrants. You will find the Village fire hydrants theme, named
HYRDANTS and explore that dataset.
Anatomy of the ArcCatalog Window Assuming your
computer is on and some version of Microsoft Windows®
(or UNIX or other operating system) is running;:
__ 1. Start the ArcCatalog component of ArcGIS. Make it
occupy the full screen by double-clicking the ArcCatalog
title bar. Open the File menu and select Connect to Folder. In
the Connect to Folder window navigate to Computer, then to
the Local Disk (C:), which you will find under Computer
Click that. Click OK.

__ 2. Click the word Folder Connections at the top of the
left-hand subwindow (pane). If you see any negative (minus)
signs in the left pane, click them so they become positive
(plus) signs. Now click the plus sign to the left of Folder
Connection. You should see C:\ in the ArcCatalog window
under the Contents pane, similar to Figure 1-16. Double-
click on it and the names of the folders on the C:\ drive of
your computer will appear.

FIGURE 1-16
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3. Click Folder Connections again. Examine the
ArcCatalog window.

That left pane is called the Catalog Tree. At the top level, it provides a view of the slower-
speed storage devices (hard drives, network drives, CD-ROMs, and so on?) of the computer,
plus some other entries to be explained later. At the very top left, in the title bar of the overall
window, will be some text. What does it say? (Fill in the blank below, if there is any text
between ArcCatalog and Folder Connections.)

ArcCatalog - - Folder Connections

In ArcGIS Desktop version 10.0, examining the upper-left corner of an ArcGIS software
window is a way to know (1) which software component you are using (ArcCatalog, ArcMap,
and others), and (2) the license your computer is operating under: ArcView (the least
expensive with the least capability), ArcEditor, or ArcInfo.

With ArcGIS Desktop version 10.1, examining the upper-left corner of an ArcGIS software
window is still a way to know which software component you are using (ArcCatalog, ArcMap,
and others). But the licensing level is no longer revealed. There are still three levels (now
called Basic, Standard, and Advanced) but to find out which you are using you can click on
Help in the Main menu and then About ArcCatalog. What License Type are you using?

(Several of the exercises in this text require ArcInfo (Advanced) to run through completely.
However, for those of you who have only ArcView (Basic) or ArcEditor (Standard), the files
that ArcInfo (Advanced) would have developed have been included on the DVD so that you
can continue past the spots that require this highest level of functionality.) The title bar of the
ArcCatalog window also shows you the path (disk drive and folder) that is currently being
referenced by the software (in this case, it is the root folder of the C drive, which is C:\). This
information also appears in the Location text box, which, unless it has been moved or
removed, may be found near the top of the window.

Many of the menus, icons, and buttons of the ArcCatalog window may be familiar to you from
your work with other software. Assuming that your ArcCatalog window has not been
customized, you will find the menu headings File, Edit, View, Go, Geoprocessing, Customize,
Window, and Help.

Setting Some Options’

4. Be sure that the “C” drive icon is selected in the Catalog Tree. Under File, click
Properties, then click the General tab. (From now on I may abbreviate an operation like this



by saying File > Properties > General.) Since C:\ is selected, you will see some of the
properties of the C drive, including the amount of disk space—both used and free. See
Figure 1-17. Dismiss the Properties window by clicking the “X” in its upper-right corner or
the Cancel button.

FIGURE 1-17
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____ 5. On the Main menu click Customize > ArcCatalog Options > General tab. Several
check boxes will show up in the ArcCatalog Options window. These relate to the types of
top-level entries that the catalog will display. Since you are at an early-learning stage, you
want to have ArcCatalog display everything possible. By clicking the boxes next to the
options in the pane, you can toggle a check mark on or off. Make sure each option has a
check mark in the box to its left. At the bottom of the window, make sure both of the options
(especially Hide file extensions) are unchecked. Click Apply. (If you made no changes in
the pane, Apply will be “grayed out”—a standard feature of ArcGIS software if an action is
not possible, not needed, or not appropriate.) The resultant window should look
approximately like Figure 1-18.

FIGURE 1-18
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6. Click the Contents tab in the Options window. Here, you may specify the
information you want to see about each spatial data set in the catalog when you ask for
Details. Read the title over each pane. In the upper pane, put check marks by Size and by

Modified. In the lower pane, put a check by Projected. The window should look like Figure
1-19. Click Apply. Click OK.

FIGURE 1-19
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The Catalog Tree As you recall, the main portion of the
default ArcCatalog window is usually divided into two
panes. On the left you find the Catalog Tree.! The Catalog
Tree, when expanded, gives an overall view of the names of
your data sets. You can also look with varying levels of detail
at all the data on all the disk drives of the computer by
expanding the entries (itemsy in the tree. In this way,
ArcCatalog’s presentation is like Windows Explorer. A plus
sign (+) indicates that (usually) a given disk drive or folder
contains additional folders or files that are hidden from view.



A minus sign () preceding an entry indicates that any
additional folders or files that are directly contained within
an entry are displayed below that entry. A click on a plus
sign changes it to a minus and expands the entry; a click on a
minus sign collapses the list and shows a plus again.

_____ 7. With ArcCatalog running, press the Contents tab in the right pane to make it active.
In the Catalog Tree, click the hard drive designator of the path [___].2 The folders on that
hard drive will appear in the right pane. Click the plus sign next to the entry for the hard
drive. The folders that are within that path are then displayed, approximately mirroring the
contents of the right pane. From the left pane, navigate (if necessary) to IGIS-Arc and
highlight it. Click the plus sign in front of the name. In the right pane you should see sixteen
entries: Address_Geocoding, Elevation_Data, and so on.
You may select an entry name in the Catalog Tree, such as River, by clicking the name.
When you do so, the list of contents of the selected entry shows up in the right-hand
pane (provided the Contents tab is selected). (That is, the contents of the right-hand pane
is the same as what you get if you expand the selected entry in the left-hand pane.) This
conveniently lets you see your data names at two levels in different areas of the screen.
You can select a disk drive, folder, or file from the left pane, and the selection is
reflected in the right pane.

In the left-hand pane (with the Contents tab of the right-hand pane active):

o If you click a folder or file, it becomes selected. If it is a folder, its contents are revealed in
the right-hand pane. If it is a file, it may be described in the right-hand pane, or its contents
may be shown.

o If you double-click a folder, it is selected. It is also expanded or collapsed in the left-hand
pane, depending on its previous state.

¢ If you double-click a file, the operating system does something with it—executes it, opens it
with an appropriate program, or opens a window that displays its properties. For example, if
the file is a text file, it may be displayed in the Notepad text editor.

¢ If you right-click an entry, you have access to a menu of commands that let you do things
like copy, paste, delete, rename, make something new (such as a folder, geodatabase,
shapefile, coverage,”” and so on), search, or reveal the properties of the entry.

In the right-hand pane, with the Contents tab active:

¢ If you click a folder or file, it becomes selected. (The parent folder name is semi-
highlighted, perhaps in light gray, in the left-hand pane, just for reference.)

¢ If you double-click a folder, its contents are revealed. To return to the parent folder, click
the bent up-arrow icon at the extreme left of the Standard toolbar.*

¢ If you double-click a file, the operating system does something with it—it executes it, opens
it with an appropriate program, or opens a window that displays its properties.

o If you right-click an entry, you receive a menu of commands that may let you do things like
copy, paste, delete, rename, make a new something (folder, shapefile, and so on), search, or
reveal the properties of the entry.

____ 8. Experiment with selecting entries in each pane. Try out the auto-hide feature, which
looks like a push pin, on the Catalog Tree. Click the push pin symbol. Then “mouse over”%
the words “Catalog Tree” and observe the results. Click the push pin again to re-establish
the Catalog Tree, thus turning off Auto Hide. Another feature to experiment with: drag the



dividing line separating the panes to the left, then to the right, to change the space devoted
to each. Notice that, if there is not sufficient room for the length of the longest entry’s text
string, a scroll bar appears at the bottom of the window, which lets you look at different
parts of the window. Further, if you pause the cursor over a text string that is not completely
visible, the entire contents of the string will show up in a box that overlays the incomplete
string.

When starting ArcCatalog for the very first time after installing it, the pane on the left side will
not have any Folder Connections. No local drives, no network drives. Step 1 of this chapter
gave one method of connecting to the C:\ drive so that at least that will be visible. You may
(and should!) generate additional references to data sets that you are particularly interested in
or want to work with so they will be easily accessible. This is called “connecting to a folder”
and is a special feature of ArcCatalog that provides a shortcut to data. In the next steps, you
will make a connection to a folder containing the HYDRANTS data for the village you will
explore.

____ 9. Collapse all the entries in the Catalog Tree completely by clicking each “-“. Click

Folder Connections in the Catalog Tree.

Connecting to a Folder

10. From the File menu, select Connect To Folder. The
Connect to Folder window appears. Using that window,
expanding the entries in its tree as necessary, starting with

Computer, navigate to a folder named®
[__ ]JIGIS-Arc\Village_Data\

Click that folder so that its name is highlighted. See Figure
1-20. Press the OK button. Observe that the Catalog Tree
(in the left pane) now contains an entry (currently
selected) that gives you access directly to the desired
folder. Also, the path to that folder is shown in the
Location text box and in the title bar of the ArcCatalog
window.) Now whenever you want to access that folder,
you merely need to find this direct shortcut in the Catalog
Tree, rather than having to navigate to it through levels of
hierarchy.

FIGURE 1-20
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Basically, connecting to a folder provides a shortcut that you should always set up when you
anticipate needing a data set more than once or twice.

11. Using File > Disconnect Folder, remove the entry you just made. Then, restore it
with the Connect To Folder icon, which you will find on the Standard toolbar that is located
under the Main menu. The icon resembles the one associated with File > Connect Folder.
Finally, make a folder connection with the [____JIGIS-Arc folder itself.

The Toolbars and the Status Bar
12. Under View, turn off the Status Bar. The
information bar at the bottom of the window disappears.

__13. Turn the Status Bar back on so that messages are
displayed at the bottom of the window. To see how the Status
Bar shows information, find a red icon that looks like a tool
chest on the Standard toolbar. Move the mouse cursor pointer
over it. What happens now depends on what version of
ArcGIS Desktop you are running. In Version 10.0 of the
software the Status Bar should read Opens the ArcToolbox



window so you can access geoprocessing tools and
toolboxes. A label (called a ToolTip) identifying the tool as
the ArcToolbox Window will appear next to the cursor.* In
version 10.1 and later, the status bar does not indicate
ArcToolbox, but a more extensive explanation appears in the
ToolTip. In version 10.1 you can press F1 for more
explanation. Also experiment by clicking some files and
folders in the Catalog Tree and observing the Status Bar. In
particular, look at the Status Bar as you select [____JIGIS-
Arc. Expand that entry. Select Village_Data. Expand. Select
Water_Resources.gdb. Expand. Select Hydrants. Expand.
Select Fire Hydrants. Press the Preview tab at the top of the
right-hand pane. In the pane, you will see the points that
represent the hydrants in Village Data.

_____14. Under Customize > Toolbars, make sure the
Standard, Geography, Location, and Metadata toolbars are all
turned on. Active toolbars have a check to the left of their
names.

_____15. Locate a subtle column of three or four dots at the
extreme left of the Standard Menu bar. Consult Figure 1-21
to see where this “toolbar handle” is. Using that handle, drag
the toolbar to the upper left of the right pane. Also use this
technique to drag each of the other toolbars so that the
window resembles Figure 1-22. By “undocking” the toolbars
in this manner, you can see the name of each. (When the
toolbars are docked, the names are hidden to save space.)
Also move the Catalog Tree by dragging it by its top. Notice
the various icons that appear as you drag the Catalog Tree.
Experiment with the options offered by dragging the mouse
pointer to an icon as you drag the Catalog Tree. Another
experiment: turn the tree off by clicking the “X” in its upper-
right corner. Turn it on again by clicking the Catalog Tree
icon in the Standard Toolbar. Re-dock it in its original



position by dragging its title bar into the furthest left-hand
arrow.

FIGURE 1-21
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16. Run the mouse pointer over each of the buttons on
the Standard toolbar. Notice that, if you pause for a second or




SO over an option its name appears—possibly with a
description, depending on the version of the software you are
using. In version 10.0 of the software you can see an
instantaneous and more complete description of the tool by
looking at the Status Bar at the bottom of the window.

The Standard Toolbar provides icons that let you perform frequently used actions. Of course,
as with many software packages, there are often several ways to perform an action. Some of
these alternative procedures are also given.

Go up a level from whatever selection you have made in a pane. (You can access the top
-t N
of the Catalog Tree by repeatedly clicking this Up One Level icon on the toolbar.) “~ Make a
folder connection (substitutes for File > Connect To Folder).
Remove a folder connection (instead of File > Disconnect Folder).

HE X

BoEZ oo
=5 [===155 View folder contents in a variety of ways.

Copy, paste, or delete a selection (or use Ctrl-C, Ctrl-V, or Delete keys).

Iolo
Iolo

Launch the ArcMap software package.

¢ 0

Show the Catalog Tree g Search for data on the computer, a network, or the Internet,
using a variety of criteria.

Show the ArcToolbox window.

N

Show the Python window.

9
Start the ArcGIS Model Builder Program ol Access specific help on a tool or
command.(This icon appears only in Version 10.0. Version 10.1 provides help by mouse-ing
over a particular tool or command.)
____17. Explore the Geography toolbar. This toolbar lets you look at (geo)graphic® data in a
number of ways.

CYE!
&M

E

See features in more or less detail by zooming in and out.

o

Pan: shift your view of the area of interest Look at the entire geographic region

depicted by the data set -» Go to Previous or Next extent.

i

Identify, with text, various features indicated by the pointing cursor.



gilE
95 Make thumbnail sketches of the geographic file of interest so you can recognize it
when searching for particular data sets.

18. Explore the Location Toolbar. (What’s being referred to here is a location in a
computer system, not a location on Earth.) The Location Toolbar displays a text string
showing the current selection from the Catalog Tree and the complete path to that selection.
Also, you can type in a different path and selection. If you type in a path and selection (or
simply select the text string that is shown) and press Enter, the string will be placed in the
dropdown text box menu below the Location Toolbar, making it easy for you to select this
location next time. This provides another way to quickly access data you are using. ArcGIS
is full of shortcuts!

____19. Explore the Metadata Toolbar. Metadata is “data about data.” It is usually in text
form. There are different standards and styles.

If you click the Description Tab (next to the Contents and Preview tabs), the toolbar will
become active.

This toolbar lets you check the metadata against a standard (validate), export the metadata, and

examine the metadata properties: . v Validate metadata.

—

*

L= Export metadata.

- |

. .

7 Metadata properties.
You may have to check with your instructor or network supervisor to be sure that you have the
metadata service packs and patches installed.

(You can add one more Metadata button, Item Description, which will open a separate
window. It displays the item description (metadata) and a preview. This is helpful for editing
metadata because you can see the changes you’re making and the data without exiting the
metadata editing session. You will learn how to add buttons to a toolbar later.)

_____20. Restore the toolbars to their “home” positions:*® When you are finished exploring,
you will want to put the toolbars back into the positions shown in Figure 1-16. This can be
done almost automatically. If you double-click the title of a toolbar, it will align itself
horizontally, in the position it was in before you moved it; its title will be hidden.

An Optional Step By default, ArcGIS rewrites the metadata
for a feature class every time you look at it. I recommend
that you not let it do that. Not using the default puts the
metadata under your control, so you determine when it is to
be rewritten. The disadvantage is that you might forget to
update metadata when something changes. So, the following
step is optional but recommended.

21. From the ArcCatalog menu, select Customize > ArcCatalog Options. Pick the
Metadata tab. See Figure 1-23. Read the information provided on the tab. Change the
Metadata Style to FGDC CSDGM Metadata. (If you do not see this option, check with your



system manager as to whether the latest service pack is installed.) Then remove any check
in the box that relates to automatically updating metadata when it is viewed. This prevents
ArcGIS from automatically updating the Metadata each time you access it. However, it now
puts the responsibility on you to update the Metadata when it is appropriate to do so. The
box asking that you be shown a prompt for metadata upgrades should be checked. Click
Apply, then OK.

FIGURE 1-23
ArcCatalog Cptions ﬁ

| Ganaral I Fila Typee I Conterte | Connectione | Metadata |Tab|as I Rastarl CAD |

Metadata Style

The style determines how metadata is viewed, exported, and
validated, and which pages appear when editing metadata.

=EDC CSDEM Metadata b

Metadata Updates

An item's intrinsic properties such as ite name or number of features
can be updated automatically in the metadata.

[ Automatically update when metadata is viewed.

Metadata Upgrade Motification

The internal storage format for metadata has changed. You can see
FEDC-formatted metadata in the display as read-only information, but
this content must be upgraded befare it is available for editing.

Show metadata upgrade prompt.

Asout managing FGDC metadata

OK || cancel || mpply |

Exploring Basic GIS Data Storage Models As you know,

large amounts of computer data are usually stored on devices
called disk drives. They are usually mechanical, with a motor
spinning a disk with a magnetic coating, but they can also be



completely electronic — as in flash or thumb drives. Disk
drives constitute the “slow memory” of a computer. It takes a
computer thousands of times longer to retrieve data from
slow memory than from fast memory. An analogy with
human processes might be that, in your brain—where you
remember your friend’s names, your home telephone
number, or the route you drive to work—is located your “fast
memory” or your “electronic memory.” On the other hand,
the name of your uncle’s second cousin, the phone number of
the dry cleaner, or how to navigate to Punxsutawney,
Pennsylvania, are things that you probably have to look up;
they reside in slow memory—family documents, telephone
book, and road map (or a GIS).

Most of the data that exists in the world on computers is, of course, not in use (not being
printed, analyzed, or otherwise processed) at any given moment and, therefore, is not
contained in the “fast” electronic memory of a computer. Data sets in the slow memory of a
computer are, in their most basic form, just sequences of Os and 1s. However, beyond that,
well beyond that, such data sets are organized by storage paradigms. You are familiar with the
idea of folders on a disk drive. Each folder can contain files and other folders. The operating
system of the computer is responsible for keeping files and folders straight. Files may consist
of binary sequences that result in typed text, music, photographs, and other products when
processed by a computer. For a number of reasons, GIS data sets are composed of fairly
complex combinations of folders and files. Also, techniques for storing spatial data sets have
evolved over a number of years, so that, even within the single company Esri, you will find
several storage paradigms or formats. Some of these formats have been devised because of the
types of data being represented.

Other formats come from different inventions based on progress in hardware and software
development. In what follows you use the Status Bar to look at the terminology associated
with several of them: geodatabases, shapefiles, coverages, rasters, terrains, and TINs.
____22. Check that the options you set in steps 5 and 6 in this exercise are still as you left
them. If not, reset them. Make sure the Contents tab is active. Collapse the entries in the
Catalog Tree as much as possible; you should see nothing in the leftmost boxes but little
plus signs. Expand Folder Connections. Click on the text [___JIGIS-Arc designation. Write
here what the status bar indicates: . Expand the entry. Find the
entries indicated below, expanding them when possible. Write the Status Bar text string you
see when you click on the icon or text for each entry. (Those who are artistically inclined
may draw the icon they see next to the entry.) These are many of the various structures and
data formats you will be encountering as you work with ArcGIS.
Village Data
Water_Resources.gdb
Hydrants
Fire_Hydrants




River
Boat_SP83.shp

COLE_DRG.tif
COLE_DOQ64.jpg
COLE_TIN
Terrain_from_LiDAR.gdb
KY_SP_North_NAD83
LIDAR Points

River_Bend_and_Water_Plant_Terrain

Dismiss ArcCatalog.

Exercise 1-5 (Major Project) Exploring Data with ArcCatalog—Fire
Hydrants in a Village Copying Data over to Your Personal Folder As
mentioned earlier, ArcCatalog serves as a sort of operating system for
GIS data. One function of an operating system is to make copies of
folders and files. Important for avoiding catastrophes: When working
with GIS data in Esri formats you should always copy data sets using
ArcCatalog—never use Windows, UNIX, Linux, or any other primary
operating system to copy data sets. You can, however, use the computer’s
operating system to copy entire folders, provided that they encompass all
related spatial data.

In using this text, you will use your working folder
IGIS-Arc_YourInitials

to do most of the exercises. The idea is to leave the [___JIGIS-Arc folder contents in pristine
condition. So, when you are going to work with the sample data from this textbook, you will
usually copy over the data sets to your personal folder: ___IGIS-Arc_Yourlnitials. We’ll start
with the Village Data.

___ 1. Start ArcCatalog. Expand [___]. Expand IGIS-Arc. Select Village_Data. Right-click

on the selection and pick Copy. Select ___ IGIS-Arc_YourInitials

Right-click on the selection and pick Paste.
__2.Make a folder connection with __ IGIS-Arc_YourInitials\Village Data

Recall that you previously made a folder connection to [___JIGIS-Arc\Villiage_Data.
Remove that folder connection (so you won’t get confused and work on the wrong data set).

__ 3. Collapse the Catalog Tree as much as possible by clicking on all the
“minus boxes.” Expand Folder Connections, then select the folder connection
you just made (with Village_Data) and expand it as much as possible. Select Fire
Hydrants. The Catalog Tree should look something like Figure 1-24. If you see
serious discrepancies, delete the folder Village_Data from ___IGIS-
Arc_Yourlnitials and try again. (Be careful not to remove the entire folder
___IGIS-Arc_YourlInitials because, if you do, your FastFactsFile will go away.)



FIGURE 1-24
= [ 1GIS-Arc_VIH
= 3 Village_Data
= 3 Water_Resources.gdhb
= Hp Hydrants
= Fire_Hydrants
4. Select Fire_Hydrants. Click the Contents tab in the right pane. You now

see references to Fire_Hydrants in both panes.

As you determined earlier, Village_Data is a file folder. Within it is
a File Geodatabase named Water_Resources.gdb. Within
Water_Resources.gdb is a Geodatabase Feature Dataset named
Hydrants. Within Hydrants is a File Geodatabase Feature Class
named Fire_Hydrants consisting of 21 points that represent the
locations of the fire hydrants in the village. Explore Fire_Hydrants
in the following steps.
____ 5. Select Fire_Hydrants in the left pane. In the right pane, you see the
name and type of that component (feature class). Because of settings you
made earlier,” you also see its size (in kilobytes) and the date it was last
modified, (and you would see its geographic projection if it had one). You
also see a blank rectangular image. This will later become a miniature image
of the coverage called a thumbnail; you will create it shortly. See Figure 1-
25. If you now select the Preview tab at the top of the right pane, you will
see an image showing the positions of these hydrants. See Figure 1-26. This
is hardly an exciting picture but there is a lesson here so please be patient. If
you now select Table from the Preview dropdown menu at the bottom of the

right pane, you will see a table of 21 rows and several columns. See Figure
1-27.

FIGURE 1-25




Contents | Preview I Desc:'iptiun|

Mame: Fire_Hydrants
Type: File Geodatabase Feature Class
Size: 11.20 KB

Modified:  4/15/2008 8:18:54 AM

Fire_Hydrants|
FIGURE 1-26
Corterts | Preview | Description |
+ +
+ +
+ +
+ +
+ +
+ +
+ +
Preview: ’Geogmpm -

FIGURE 1-27




| Conterts | Frevisw |Dcscription|

OBJECTID® shape * X_COORD Y_COORD COLOR TYPE | FLOW_RATE CONDITION
» 1| Paint 3300 25723 |Red Firs 250 | OK
2 [ Point 3500 25733 | Red Firs 250 [ OK
3 | Point 4500 25733 |Red Fire 250 | OK
4| Point 3300 25483 |Red Fire 250 [ oK
5 [ Point 3500 25483 |Whie Firz 365 | OK
& | Point 4500 25483 | Whie Firz 365 | DESTROYED - Mr. Watkine ran over it with hiz Buick
7 [ Pomnt 3300 25233 [ Vihte Firs 365 | 0K
| & | Pont 200 25233 | Whie Firs %5 | 0K
5 [ Point 4500 25233 | Whie Firs 365 | OK
10 | Point 3300 24733 | Whie Fire 365 | OK
11 | Point 3500 24733 | Whie Firs 365 | OK
12 | Point 4500 24733 |Whie Fire 365 | OK
12 | 2oint 3300 24832 | Whte Firs 265 | 0K
14 | Point 3500 24283 | velow Firz 400 | OK
B 15 | Boint 4500 24423 | Yelow Fir= 400 | 0K
18 | Point 3300 24233 [ Yelow Firs 400 | OK
17 | Point 3500 24233 | Yelow Firz 400 | 0K
18 | Point 4500 24223 [ Yelow Firs 400 | 0K
19 | Point 3300 245370 | Yelow Firz 400 | 0K
20 | Point 3000 24370 | Yelow Firs 400 | OK
B 21 | Pont 4500 24370 [ velow Firz 400 | 0K
RN T 1 K @ (of 21)

Preview: Table ~

Each row (record) of the table represents one hydrant. Each column
(field) of the table is an attribute (that is, a property or characteristic) of
the feature class Fire_Hydrants. Each cell in the table (where a given row
and given column intersect) indicates the particular attribute value for the
particular hydrant.

__ 6. Locate the record of the hydrant that has an OBJECTID of 4. Click
on the 4, and the little gray box to its left will show a small triangle. Scroll
the table horizontally (if necessary), using the scroll bar at the bottom of the
window. You will see that the hydrant COLOR is Red.

Ilustrated here is the essence of GIS: the marriage of a geographic
database and an attribute database. Each feature in the spatial field
has associated with it a row in a relational database table that
provides information about the feature. This idea, with variations, is
the fundamental underpinning of most of what you will learn about
GIS.

__ 7. Reread the preceding paragraph.

Examining the Table

______ 8. The table has a “current record” that,
when you first view the table, is the first
record. You can change that. Since you clicked



on a cell in the fourth row, the current record is
now 4. It is marked by a triangle in the box on
the left of the record. The number of the
current record is also shown in the Record text
box at the bottom of the window. You also see
the total number of records. You can change
the current record by doing any of the
following:

e Clicking in a box to the left of the
OBJECTID field
e Clicking a cell of a record
e Typing the desired record number in the
Record text box (and pressing Enter)
e Clicking on the buttons on either side of the
Record text box.
Experiment with the procedures described
above, making various records the current
record.
You can scroll the viewable area of the table
with the horizontal scroll bar and, if the table
has a lot of records, the vertical scroll bar.
You can also change the widths of the



columns for better viewing by dragging the
dividing lines between the column headings.
(To see more of the table, you can shrink,
hide, or dismiss the Catalog Tree, but the
Tree is probably something you will be using
frequently, so that should come into
consideration.)

9, Both the X _COORD and the
Y_COORD columns are excessively wide.
Place the mouse pointer on the column heading
text line and drag the column separators to the
left to reduce the widths of these columns. If
you double-click a column separator, the
column to the left immediately tailors itself to
the size that will show the entire column
heading with little space wasted.* However the
column may not be wide enough to completely
show the values in the cells of that column.

_____10. Make record 12 the current record.
With the keyboard arrow keys, locate the
COLOR value of the record. What is the
FLOW_RATE of the Hydrant?




What are the geographic coordinates of the

hydrant? : :
(Should you wish to do so, you can change
the cosmetic appearance of a table through
Customize > ArcCatalog Options > Tables.)

Deriving Information from the Table Having
attribute information in table form allows you
to obtain statistics, to search for specific text
strings, and to sort the information.

__ 11. You can find out the average of the values of a column along with
the count of the number of values, minimum, maximum, sum, and standard
deviation.® To do so, you right-click the column heading to bring up a menu
of choices from which you choose Statistics. For example, select the column
FLOW_RATE by placing the mouse pointer over the heading of the column
(the pointer becomes a down-pointing arrow) and right-clicking. (You may
have to use the scroll bar at the bottom of the table to find the FLOW_RATE
column.) Choose Statistics from the dropdown menu. You see information
about the values in the column from the Statistics of Fire_Hydrants window.
There are 21 values. The minimum flow rate is 250. What is the maximum
flow rate? . You also receive a frequency diagram that shows the
number of hydrants that have each given value (e.g. there are four hydrants
with a low flow rate, nine with a moderately high rate, and eight with a high
rate). If all the hydrants were turned on at once, how much water would
flow? . The mean (i.e., average) and standard deviation,
although they probably don’t mean much in this situation, are about 356 and
54, respectively.

__ 12, Once you have the Statistics window up, you can determine the
statistics of other columns by selecting the column name in the window’s
Field dropdown menu. What is the average y-coordinate (to two decimal
places)? . Dismiss the Statistics window.




Sorting the Records

__13. Suppose now that you wanted to have
the list ordered so that all the westernmost
hydrants (those with the smallest x-
coordinates) appeared at the top of the table.
Click the X_COORD column heading to make
it active. The column becomes highlighted in
blue/cyan/turquoise—take your pick. Now
right-click the column heading, then sort the
values in the column by picking Sort
Ascending from the dropdown menu. Notice
that the values of the column are now in order
from smallest to largest.

Note that when a value in a given record is moved, say during a
sort, the entire record moves with it. That is, all of the values in a
given row stay together (including OBJECTID), regardless. (If you
are familiar with spreadsheets (e.g., Excel), you should note that
this is different behavior from results you may receive with that
software.) If you wanted the Y_COORD column values to be a
secondary sort (sorted “within” the X_COORD values), you could
select both columns by holding down the CTRL key while
clicking). (An example to clarify the terminology: in a telephone
directory the first names are sorted “within” the last names.) When
two or more columns are selected, the leftmost one will contain the
primary sort, the next selected on the right will contain the
secondary sort, and so on.

__ 14, Sort ascending the X_COORD and, within it, COLOR. Examine



the results.

If having the leftmost column as the primary sort order doesn’t suit
you, you must rearrange the columns, as demonstrated next.

____15. Select the COLOR column with a click. Hold down the left mouse
button. The cursor changes—a little box is attached to it. You can now drag
the column. The column will be placed to the left of whatever column the
cursor is in when you release the mouse button. Drag the COLOR column to
the left of the X _COORD column. Select both columns. Select Sort
Descending (from the dropdown menu as before) and again note the results.

__16. Make the COLOR column active by itself. Locate and press the
Table Options icon at the lower left of the window. Click Find. Move the
Find window if necessary to see the entire table. Pressing Find Next, find all
instances of the text string “Red”.2 Each instance, when found, will have a
darker border around it. How many records are there with the text string
“Red”?

__17. Notice that the Find window gives you considerable flexibility:

e You can search all the values in a table, or just those in the selected
columns (fields).

e The text you type may match only a part of the value or may be
required to match the whole string.

e The “Find what” string may be required to match the uppercase and
lowercase of each letter or not, as you choose.

¢ You may search the entire table or restrict the search to records at or
below the current record, or search those records at or above the current
record.

18. In the Search dropdown menu in the Find window, pick ALL. With
Match Case checked, search for “yellow.” No records will be found, because

(13 »

of the lowercase “y.” Now click Match Case off. How many instances do
you find? . Dismiss the Find window.

Finding Values in a Table
19. Move the COLOR column to the

right of the CONDITION column. If you have
only a limited view of the table, you may not



be able to tell which hydrant number
(OBJECTID) you are looking at when a given
cell in the COLOR column is selected. You
can set things up so you can always see a given
column or columns. To “freeze” the
OBJECTID column, select it, right-click, and
pick Freeze/Unfreeze Columns. It will now
appear always as the leftmost column of the
table regardless of the displayed width of the
table. Scroll the table horizontally to see the
effect (if necessary, reduce the width of the
ArcCatalog window to see the effect). (You
can thaw a frozen column in much the same
way.)
When you terminate the ArcCatalog program, the results of some
actions you took are retained, while others are discarded. The folder
connections you have added to the Catalog Tree are remembered by
the software. So are the positions of toolbars and some other
settings, but if you have sorted or rearranged a table using
ArcCatalog, these changes will not be retained. Operations in
ArcCatalog such as sorting do not change the attribute table that is
stored with the data set. You are merely changing the table’s
appearance during the time ArcCatalog is being used to look at a
particular geographic data set. In fact, to restore the view of a table
to its original form, you need only select some other folder or
feature class and then return to the table.



__20. Click Folder Connections at the top of the Catalog Tree. Click
Contents. Now go back and again preview the Fire_Hydrants table (in IGIS-
Arc_Yourlnitials. Notice the table is back to its former configuration—no
frozen or rearranged columns and no sorted records.

21. Click the Preview tab at the top right-hand pane. Select Geography
from the Preview dropdown menu at the bottom of the pane.

Identifying Geographic Features and
Coordinates Coordinates are a big deal, and
frequently a big headache, for those doing GIS
work. HYDRANTS is referenced by a local
(and, in this case, fictional) coordinate system
devised by the village or perhaps by the
county. The units are survey feet. Suppose the
village enters into an agreement of some sort
with a regional water system agency to
maintain the pipes and hydrants. If the agency
uses a different coordinate system, the question
might arise as to what the latitude and
longitude values, rather than the local
coordinate system values, were for these
hydrants. As mentioned previously, the latitude
and longitude coordinate system is the primary
basis for the most accurate geographic

information.
22. Select the Identify tool from the Geography toolbar. Write here the



description of the tool that you see on the ToolTip. (In version 10.0 of
ArcGIS this will be found on the Status Bar.)
. Notice the appearance of the
cursor as you move it around the geographic area. Click in a blank area of
the window that shows the hydrants. An Identify Results window appears.
(You can move the window around by dragging its title bar and resize it by
dragging a side or corner to better see the geographic image — but don’t
make it too small, since it will shortly display more information.) _____ 23.
Click one of the points representing a hydrant. As you click the feature, it
flashes momentarily. The relational database information for that hydrant
appears in the Identify Results window. Notice that the Identify Results
window, in an information box labeled Location, gives you a precise value
of the Cartesian (x and y) coordinates of the location of the tip of the cursor
pointer. These coordinates should agree closely, but probably not exactly,
with the X_COORD and Y_COORD values shown as the attribute values.

It is not always the case with point data that the coordinates are part
of the attribute database; you usually have to take action to put in
X_COORD and Y_COORD. How this is done will be described
later. However, the information in the Location box is always
calculated. It comes from the geographic location specified by the
cursor, not from the relational database.
__ 24, With the Identify tool, click again in a place where no fire hydrants
exist. Attribute information disappears, but coordinate values of the tip of
the pointer are still revealed.
____25. Roughly (to the nearest tenth of a foot) what are the coordinates of
the lower left-hand corner of the window? , How
about the upper-right corner?
__ 26. Dismiss the Identify Results wmdow If you right-click on the
strmg Fire_Hydrants in the left pane, you receive a menu of options. Of
interest to us now is Properties. Click that. A Feature Class Properties
window appears. Under the General tab, you see that the feature type is
Point and that the data set is stored in high precision (of which more later).
Click the Fields tab. Here you see the names of all the attributes and the
types of fields that are used to contain the data. For example, click on the
row that says COLOR to select it. Notice that COLOR is a Text field of
length 9, meaning that it uses 9 bytes of memory. (You will also sometimes




find “length” of a string referred to as “width.”) Now look at Y_COORD. It
is listed as Float, meaning it is a floating decimal point number. Since you
previously saw that the field is stored in high precision it will occupy 8 bytes
of storage. (A Float number consists of two parts—a mantissa and an
exponent—which allows both high precision (lots of significant digits) and
large range (very large and very small numbers). (If this doesn’t mean
anything to you now, don’t worry about it.) Look at FLOW-RATE. It is also
a numeric field, but it is an integer (a Long Integer can store an integer
somewhat larger than two billion) and may, therefore, be stored in a simple
binary format. It uses 4 bytes of storage for the flow rate of each fire
hydrant. Dismiss the window.

Looking at GeoGraphics

_27.0n the Geography toolbar, click the
Zoom In icon (a magnifying glass with a “+”
sign in it). Copy the text in the ToolTip or
Status Bar here:

Click on the upper-left hydrant. Note that it
moves the center of the window and the
distance between it and its neighbors has
increased. You have zoomed in on the layer—
not that you will see any more detail in this
particular image, but you get the idea.
__28. Notice that although you have
zoomed up on the image, the symbols
representing the features did not get any
bigger. So, this zooming action is somewhat



different from looking at a paper map with a
magnifying glass, which would increase both
the distance between the points and the symbol
size.

_29. Click again on the northwest hydrant
and observe the results. Click between the
hydrant and its neighbor to the south. Click the
Full Extent icon (on the Geography toolbar) to
restore the view of the entire layer and bring
all hydrants back into view. With the Zoom In
tool active, drag a box around the middle three
hydrants in the middle column and observe.
The lessons: You can zoom in by clicking on a
point and also by dragging a box. The image is
always re-centered, either at the point clicked
or the center of the box.

______30. Click on the “hand” icon on the
Geography toolbar—this is the Pan tool. Check
out its function with the ToolTip. Move the
cursor over the middle point, and drag that
point to the left side of the pane. When you
release the mouse button, you will see that the



focus on the image has been shifted (“panned”)
to the right. The window center is now in
between the two columns of hydrants. Click
the Full Extent icon. Now click the left-
pointing arrow on the Geography toolbar. Note
the results. Continue to click it until it “grays
out.” Now click the right-pointing arrow
several times. By using these arrows you can
return to previous or later levels of zoom or
pan.

A “thumbnail” is a small sketch that can aid you in recognizing the

contents of a data set. You make a thumbnail sketch in the step that

follows.
_____31. Create a thumbnail of the hydrants layer:* On the Geography tool
bar, find the Create Thumbnail icon. (Remember: You can determine what
an icon does by looking at the ToolTip that appears when you mouse over
the icon.) Click it, then click the Contents tab and observe. Where there was
before a blank rectangle, there is now an image of the layer. See Figure 1-28.
Suppose that you want only a portion of the image to be represented in the
thumbnail. Go back to the Preview tab. Use the zoom tool to focus on the six
hydrants in the northeast corner. Make a thumbnail sketch of these. Check
that it worked by clicking the Contents tab. Now make the thumbnail a third
time with all the points shown.

FIGURE 1-28
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Mame: Fire_Hydrants

Type: File Geodatabase Feature Class
Size: 11.20 KB

Modifiecd:  4/15/2008 8:18:54 AM

. Fire_Hydrants | .

A First Look at Metadata Meta comes from
Greek, where it means “after” or “beyond.”
You can generally assume that it means
“about.” So “metadata” is information about
data, or data about data. There are so many
things to know about geographic data sets that
those experts who work with them have
established standards for describing such data
sets. You will look at metadata in more detail
later, using some real data sets. The lesson
from what follows is just that metadata exists,
that it consists of many elements, and that it
can be presented in different formats. A
warning: The ways in which metadata is
handled changed considerably between



ArcGIS versions 10.0 and 10.1. To really
explore metadata you should use the help files,
or perhaps better, a search engine, to make
effective use of the form of metadata you
choose. There are too many options and

intricacies to go into here.

__ 32, Click Fire_Hydrants again in the Catalog Tree. Click the
Description tab. (If an Upgrade Metadata window appears click No.) Scroll
down to the bottom of the Fire_Hydrants window. There you should see the
two “sections” ArcGIS Metadata and FGDC Metadata.? The little triangles
should be pointing down, indicating that there is hidden information below
them, as in Figure 1-29. If not, click on the text; the arrows will change
direction. If you do not see both sections, first check to make sure the
options you set in Exercise 1-4 are still the same (Customize > ArcCatalog
Options and the Metadata tab). If there is still a problem check with your
instructor or the manager of your computer system or network.

FIGURE 1-29
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Fire_Hydrants

File Geodatabase Feature Class

Village. Firemen. Maintenance
Summary
Ta facilitabe mainbenanca of the hydrants
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Under Description you see the thumbnail of the data set that you
created and textual information that the creator of the data set
provided about the general nature of the data. Some of the metadata
comes about because ArcCatalog has inspected the data set and
written it into the description.

To expand or contract metadata click the text heading. It works
somewhat like the Catalog Tree expansion and contraction. A down-
pointing triangle is like a plus sign; it means that there is hidden
material below. A right pointing triangle is like a minus sign; it
means that the entry has been expended.

__ 33. Expand the ArcGIS Metadata section (scroll down to find it) and
expand any sections that aren’t already expanded. Explore. Look specifically
for Extents, which are coordinates that Esri derives automatically. Also
automatically generated is information about attributes such as data type,
precision and so on.

34. Now look again at the ArcGIS Metadata and the Resource
Identification information. Spend a bit of time exploring. This metadata is
incomplete. Because of that you can get an idea of what is desired for



complete metadata.

__35. Continue to explore the metadata by expanding all the triangles
under ArcGIS Metadata as well as FGDC Metadata. When they are
expanded, they point to the right instead of pointing down. Also continue to
compare metadata as best as you can and decide for yourself which set is
more useful.

__36. Check out the description by expanding the various sections.
Compare the two types of metadata. What is the size of the data set?
MB. (Hint: It’s under Distribution Information.) _  37.
Explore the Spatial aspect of metadata by reading further down in the
Resource Identification section of ArcGIS Metadata. What is the
westernmost (leftmost) bounding local coordinate?

38. Expand the Esri Fields and Subtypes headings to eXplore the

Attributes given by the metadata. What is the data type of the
FLOW_RATE? . What is the Output width of X_COORD?

Other stylesheets are available for different metadata compliances.
With the exception of ArcGIS’s Item Description (which is the
default when you install ArcGIS 10), each has its own compliance
standard. Along with this, each will have a varying degree of
usefulness and user friendliness. Ultimately, it is up to the
organization you are working with as to which standard it uses.

After exploring the metadata, you should have a good idea of what
is useful information to have within a metadata file. Were there
pieces of information you could not find within the ArcGIS
metadata? If the FGDC metadata were completely populated, would
it have the information? Consider what information you would have
to gather to generate FGDC complaint metadata for this data set.

Using ArcCatalog to Place Data in ArcMap
You have examined ArcCatalog and have used
ArcCatalog to find and connect to data sets
you want and to explore them. As previously



described, ArcMap is the other major
component of ArcGIS Desktop. ArcMap lets
you see, create, examine, query, edit, and
develop geographic data and maps. Your first
step in using ArcMap is to place the data you
have found with ArcCatalog into ArcMap.
There are several ways to do this. Four are
described in the following discussion. First,

you need to perform a couple of setup steps.

39. From the ArcCatalog Standard toolbar, launch ArcMap. You want
to start with a new, empty, blank map. One way to do this is just to press
Cancel. Make ArcMap occupy the full area of the monitor screen.

40. Now do either of the next two steps to put ArcCatalog and ArcMap
on the screen at the same time.

___ 41, Right-click an empty area of the Windows taskbar to bring up a
menu. (The Windows taskbar will be located on one of the four edges of
your monitor screen; it contains the Start button.) From this menu, select
“Show windows side by side” (In Windows XP: “ Tile Windows
Vertically”). If necessary, minimize any windows besides ArcCatalog or
ArcMap that appear, and “re-tile.”2

_____42. If the preceding procedure didn’t work for you, try this: Click the
middle icon (named Restore Down) of the three in the far upper right of the
ArcMap window. That has the effect of reducing the size of the window. By
dragging sides and corners of the ArcMap window, make it occupy one half
of the monitor screen. Make ArcCatalog occupy the other half. (If you are
lucky enough to have two monitors on the same computer that serve as a
single monitor (a dual-monitor display), put ArcMap on one screen and
ArcCatalog on the other.) __ 43. Method 1 of inserting data from
ArcCatalog into ArcMap: Drag and drop Fire_Hydrants from the left pane
of ArcCatalog to the pane in ArcMap that says Layers. The “map will show
up in the right pane of ArcMap. (Disregard any warning message about



missing spatial reference information. Dismiss any other windows that show
up, such as ArcToolBox, Search, and Catalog, if necessary.) __ 44.
Dismiss ArcCatalog. Maximize the ArcMap window. Right-click the text
string “Fire_Hydrants”. From the menu that appears select Open Attribute
Table. You can see that the feature class Fire_Hydrants—the combination of
the geographical database and the attribute database—is now in ArcMap.
(Of course, you have been writing information into your FastFactsFile all
along. Note down particularly how to open an attribute table in ArcMap!)
_____45. Right-click again the reference to the Fire_Hydrants feature class.
Select Remove to take the feature class out of ArcMap.

___46. Method 2: In the ArcMap File menu, click Add Data, then click on
Add Data. In the Add Data window that appears, use the Up One Level icon
(repeatedly if necessary) so that the Look In box reads Home -
Documents\ArcGIS (or something similar, depending on your settings).
Notice that the window looks remarkably similar to ArcCatalog before you
made your first folder connection in Step 2 of Exercise 1-4. Double-click
Folder Connections. Now you see that the connections you made within the
Catalog Tree of ArcCatalog are now accessible to you in ArcMap.
Contained here is the reference to Village data. Navigate (you may have to
scroll to do it) to the Fire_ Hydrants feature class by doing the following:

Double-click_IGIS-Arc_Yourlnitials\Village_Data,
Double-click Water_Resources.gdb file geodatabase.
Double-click on the Hydrants file geodatabase feature data set,
Click the Fire_Hydrants file geodatabase feature class, and
Press Add.

This, then, is a second way that ArcCatalog facilitates getting data into

ArcMap.
___ 47. Right-click the reference to the Fire_Hydrants data. Remove the
feature class from ArcMap. Hide the ArcCatalog window if it is showing.
___ 48. Method 3: To see a third, efficient way of getting data from
ArcCatalog into ArcMap, start ArcCatalog from the Windows Start menu.
__49. Make the ArcCatalog window occupy the entire monitor screen.
Now make ArcMap occupy the full monitor screen, covering up the
ArcCatalog window. Note that both ArcCatalog and ArcMap are represented
by buttons on the Windows taskbar. (Recall, the Windows taskbar will be
located on one of the four edges of your monitor screen. The button for




ArcMap will depict a globe with a magnifying glass. In Windows 7, when
you “mouse over” the button a miniature screen, also indicating Untitled,
will appear. By clicking on one button or the other, you can bring up the
associated window. (You can also bring up applications by holding down the
Alt key and pressing Tab to select the application you want. Flip back and
forth between the two applications a couple of times.) End this step by
making the ArcCatalog window active.

__50. After navigating to the Fire_Hydrants feature class, in the Catalog
Tree (you know the drill by now), position the cursor over the it, press and
hold down the left mouse button, move the cursor to the ArcMap button on
the task bar, wait until the ArcMap window has replaced the ArcCatalog
one, move the cursor to the left pane (labeled Layers) of the ArcMap
window, and drop (by releasing the mouse button) the Fire_Hydrants feature
class. Bingo!

51. For the last time in this project, remove the Fire_Hydrants data
from ArcMap. Close ArcCatalog, leaving ArcMap open.

___ 52, Method 4: This is probably the best way if you don’t need to use
the full ArcCatalog program or your screen is crowded. Open the Catalog
window within ArcMap by clicking the Catalog window icon on the
standard toolbar. The button looks like ArcCatalog’s icon with a window
behind it. The Catalog window will pop out and display the familiar Catalog
Tree portion of ArcCatalog. Expand, by clicking the + sign next to each item
and thereby changing it to a — sign, the following: Folder Connections; your
connection to your __ IGIS-Arc_Yourlnitials folder; the Village Data
folder; Water_Resources.gdb; and Hydrants (Feature Dataset). You should
now see the Fire_Hydrants Feature Class. Drag the Fire_Hydrants Feature
Class into either the blank map display area or the left pane labeled Layers.

53. Close ArcMap without saving changes.

Exercise 1-6 (Project) A Look at Some Spatial Data for Finding a Site
for the Wildcat Boat Facility You usually don’t get the luxury of
working on one GIS project from beginning to end. Life in the GIS world
frequently isn’t like that. In this textbook we’ll be working on one rather
large project (the search for sites for the Wildcat Boat facility that you
did manually in Exercise 1-1), but along the way, we’ll do several other
projects.

This is the beginning of the GIS part of the Wildcat Boat project. Using ArcCatalog, you will



find data for the site. Then, using the techniques you learned in Projects 1-4 and 1-5, you will
use ArcCatalog to explore data sets associated with this project.

Most of the Wildcat Boat data is contained in a Personal Geodatabase.* Both personal and file
Geodatabases have a number of advantages over the older data structures you will encounter:
the coverage data structure and the shapefile data structure. If you have been in the GIS
profession for a while, most of the data you saw was probably in the coverage or shapefile
format. Now, the move to file and personal geodatabases has continued to proceed at a fast
pace. So, most of the work you do in this text will be with geodatabases, and you will probably
be converting data to geodatabases in your GIS work after completing this textbook. I will
illustrate that conversion shortly.

Using the Area on the Disk for Your Own Work
Again, you want to keep the [____JIGIS-Arc data sets
intact and unchanged, so that you can go back to them at
any time. But I want you to be able to modify the Wildcat
Boat data. To do that, you need to use your own folder,
which you made earlier and in which you are keeping your
Fast Facts File and the Village_Data. The purpose of
__ IGIS-Arc_Yourlnitials is to let you store files in a
personalized folder, without compromising the
information in IGIS-Arc.

Copying Data over to Your Personal IGIS Folder

__ 1. Start ArcCatalog: make it occupy the full monitor
screen. Expand [____]. Expand IGIS-Arc. Click
Wildcat_Boat_Data. Right-click the selection and pick Copy.
Select ___IGIS-Arc_Yourlnitials Right-click the selection
and pick Paste.

2. Using almost the same technique as in Step 1, copy and paste [___JIGIS-Arc\Other_Data
into your folder, except this time use Ctrl-C and Ctrl-V for copy and paste.

__ 3. Collapse the Catalog Tree as much as possible, then expand the entries
(except for Village_Data) in ___IGIS-Arc_YourlInitials as much as possible. The
Catalog Tree should look something like Figure 1-30. If it doesn’t, remove the
folder Wildcat_Boat_Data from

FIGURE 1-30
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__IGIS-Arc_Yourlnitials and try again.

(Again, be careful not to remove the folder ___IGIS-Arc_Yourlnitials
because, if you do, your Fast Facts File will depart with it.) Come to think of
it, now would be a good time to back up your Fast Facts File. Put it on a
thumb drive, a flash drive, a network drive, or e-mail it to yourself. Maybe
you should make a couple of backups, using different methods. It is rare that
a person has too many backups; it is quite common to not have enough.




Searching for GIS Data In the 1990s and
2000s, the major issue related to spatial data
and GIS was how to create the data sets you
wanted—either directly from the environment
or by converting maps. Now the initial
emphasis has turned, in many instances, to
finding already-existing data—on the Internet
and elsewhere. Tremendous stores of spatial
data exist, and more comes in every day from
satellites and ongoing projects. But you may
discover that the data set you want is buried
with a lot of other data; it may have an obscure
name; the data sets you find may not meet your
standards, even if they cover the correct
subject and correct geographical area. A major
feature of ArcCatalog is the capability to help
you discover spatial data sets and, through
inspection of their metadata, determine if they
meet your needs. Assume that a client or your
supervisor asks you to find all the geographic
data that could apply to the Wildcat Boat
project. You begin by setting up ArcGIS to



search your personal folder.

__ 4. In ArcCatalog, use the Up One Level arrow to get to the top of the
Catalog Tree—that’s where it says Folder Connections. Collapse any folder
designations that are expanded. The catalog can provide the basis for a
search for geographic data, which you will now illustrate to yourself. Click
the Contents tab.

__ 5. There are several ways to initiate a search in ArcCatalog: the
Windows menu item has a dropdown menu with Search in it; there is a
Search icon on the Standard toolbar, or you can just type CTRL-F in some
circumstances. Use one of these methods to bring up a Search window. If
necessary, click the pushpin in the upper-right corner of the Search window
so that it is pointing down. This will ensure that the Search window stays
open all the time, not just when you mouse over the window. If you are
unfamiliar with the docking and auto-hiding of windows, experiment with it
until you are comfortable. Close the Search window (with the “X”) and
reopen it by pressing CTRL-F. This will allow you to start fresh, while also
reinforcing what you have learned about auto-hiding. Although the pushpin
to dock the window should default to pointing down, make sure it is.

__ 6. Familiarize yourself with the layout of the search window, while
referring to Figure 1-31. You have buttons to take you to previous searches,
or, if you are in a previous search, to take you back to a later search. There is
a Home button that will return to the default screen. What is the fourth
button used for? (Hint: use the ToolTip.) . The
fifth button allows you to set up the index and search options—vital to
finding data. The last portion of the uppermost bar is a dropdown menu,
which allows you to choose where ArcCatalog will search for data: (1) on
your local computer, (2) enterprise (throughout your organization’s
network), or (3) ArcGIS online. Dropping down to the next line, you can see
the different types of searches allowed: Maps, Data, Tools, and ALL, which
is the default. Click on the different choices to acquaint yourself with the
different possibilities. Click Data > Feature Data. The software knows that
Feature Data is Vector data, so it automatically provides the phrase
[typekeyword “Vector”]. If there are Vector feature classes in the folders that
have been indexed, they will be shown to you. If nothing comes up, you can
assume that no Vector feature class exist in the indexed folders. If the
window doesn’t seem to cooperate with you, close it and bring back a fresh




one with CTRL-F.
FIGURE 1-31
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You can partially reset the Search window by clicking the house
icon; this avoids closing and reopening the window. (However, you
still have to choose from ALL, Maps, Data, and Tools, whereas if
you just click the Search icon you get a completely fresh window.)
Click the Index/Search Options icon (in 10.0) or Search Options (in
10.1). By using the window that presents itself (see Figure 1-32),
you are going to make sure that Search indexes your personal
folder: __ IGIS-Arc_Yourlnitials. Click the Index tab. Remove any
folders that are registered. Click Add, navigate to the folder
__IGIS-Arc_YourlInitials, and select it Click the button that says
“Re-Index From Scratch”. If asked if you want to delete the existing
index, say “Yes”. This ensures that your choices will be indexed and
gets rid of any previous index. The line Indexing Status will now
display the word Indexing, followed by repeating dots. ArcGIS is
doing the “alphabetizing” I discussed earlier®, which may take up to
a minute. While you are waiting, note the Indexing Options panel.
Accept the defaults for now, but note that you could change the time
indexing is done—if, for example, you typically are working at
midnight, you might want to change the time automatic indexing is
done to 3:00 A.M.

FIGURE 1-32
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When the indexing process is finished, Indexing Status will say
Active. Click Apply and, if necessary, wait a few more seconds

until Active reappears. Click OK.
Once the indexing process is done, ArcGIS will be able to efficiently



look in the folders in _ IGIS-Arc_Yourlnitials for data. You should be
aware: it won’t look for data anywhere else!

___ 7. Search for the name Wildcat: Restart the Search window to make
sure that the location in which the search will be performed is a Local
Search and that the text box for entering a search string is empty. Then, with
ALL selected, type Wildcat in the text box, and click the magnifying glass

icon to the right (or press Enter). Your search will return a geodatabase:
_ IGIS-Arc_YourInitials\Wildcat_Boat_Data\Wildcat_Boat.mdb

__ 8. Look at the first line in the body of the search window: Wildcat_Boat.
Note, in the following parentheses, that it is a Personal Geodatabase. Click it (or
the path to it)” to take a look the contents of the geodatabase. Two things
happen: (1) In the bottom pane of the Search window you see the entries in the
folder Wildcat_Boat_Data (see Figure 1-33), and (2) the Catalog Tree expands
so that every entry® that has the search string “Wildcat” above it is expanded.
For each entry in the Search window, there are two links: blue on the name and
feature type and green on the path name (which, if you hover over it, shows the
full path in case the green path is truncated). Clicking on either link produces the
same result. Click the blue link for Soils. Click the Description tab. Under
Extent, determine, to two decimal places, the latitudes of the Soils feature class?

FIGURE 1-33*
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Use the ArcGIS Metadata to look at the ESRI® feature class information for
. Look at the ESRI Thumbnail

Soils. How many features are there?

for a picture of the feature class. What are the names of the attributes (the

Field names) of the feature class Soils, as shown under ArcGIS Metadata—

ESRI Fields and Subtypes?

9. The Wildcat_Boat.mdb, where mdb is the extension for a personal

geographic database,® is a geodatabase with two feature data sets (Area_Features

and Line_Features). The Area_Features feature data set contains one feature

class, Soils, and the Line_Features feature data set contains three feature classes:
Roads, Sewers, and Streams. You know you are in the __IGIS-Arc_Yourlnitials
folder because you can verify the Wildcat_Boat.mdb’s location by glancing at

the Catalog Tree, the location toolbar at the top of the ArcCatalog window, or the



title bar for the ArcCatalog window itself.

So, you can see that you have quite a hierarchy going on here: Your
folder contains a folder (Wildcat_Boat_Data) that contains a
personal database; the personal database contains two feature data
sets; each feature data set contains one or more feature classes.
Visually the hierarchy looks like Figure 1-34. So, you have the
Soils, Roads, Sewers, and Streams that you need for the Wildcat
Boat facility problem. Let’s look at some of the data.

FIGURE 1-34
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______10. Click the Preview tab. Select Soils in
the Catalog Tree. You see a map of the Soils
you worked with in Assignment 1-1. In the
pull-down menu in the Preview text box
(bottom of the window), select Table. How
many Soils polygons are there?
______11. Examine the table. Notice the flelds
Shape_lLength and Shape_Area. These
attributes are the perimeters and areas of
polygons. This is information you get “for
free” by using a GIS. Sort the Shape_Area




column into ascending order. To the nearest
tenth of a meter, what is the perimeter of the
polygon with the smallest area?

meters.

__12. Click the Description tab. Note the
information there, some of which is
incomplete. Expand the ArcGIS Metadata
(click the link) and then see if you can read
through the data and find the following
values:*

Geographic Coordinate System Name:

Projected Coordinate System Name:

Lat-Lon West Longitude:

Lat-Lon East
Longitude:

Lat-L.on North Latitude:

Lat-L.on South Latitude:




Now look at the extents in the Item’s
Coordinate System West Longitude:

East Longitude:

North Latitude:

South Latitude:

Expand the FGDC Metadata > Identification
and record the following information:*

West Bounding Coordinate:

East Bounding Coordinate:

North Bounding Coordinate:

South Bounding
Coordinate:

13. Someone suggests to you that these
bounding projected coordinates look very
small, given the usual size of UTM



coordinates. That is, since the northing is
supposed to be the number of meters from the
equator (that would be in the millions for 40
degrees latitude),” a number like 4500 (that’s
only forty-five hundred meters or four and a
half kilometers) obviously isn’t right. So, it is
necessary to look more closely at the metadata.
Somewhere (pretty much hidden in the ArcGIS
metadata) you should be able to find the
following values: False Easting:

False Northing:

The question of the small number in the
northing is now explained. Each UTM
northing coordinate has been adjusted by
subtracting 4,540,000 meters from the true
northing coordinate to produce the local
coordinates, which are around 4000 to 6000.
Why did the developers of the information
decide to do this? To minimize the size of the
numbers that are relevant to the problem.



Perhaps, at the time the data sets were
developed, the software operated in single
precision, using only 4 bytes of storage for
each coordinate. Numbers as large as 4V2
million would contain too many digits to
provide sufficient precision.

But Something Is Missing Assume at this
point that you show these results to your client
or supervisor, who insists that there is some
land use or land cover data somewhere for this
region.® Your client or supervisor also is sure
the data set is in the coverage format. Perhaps
the name is simply Landcover, so you will try
searching for a data set with that name.

14. Initiate another search: Press the “Go to desktop home search
page” icon, which looks like a house, to start a new search. You could also
delete the information in the search bar, but pressing the button will ensure
you clear everything out. You still want a local search. Since you are looking
for a coverage, you will search for Data instead of ALL. With Data active
(black instead of blue), select Feature Data, the second option. This
populates the Search text box with typekeywords:“Vector”

which means it will search for nearly all sorts of data except rasters. Type
a space, then “Landcover” (without the quotes) at the end of the text box,
and press enter. Five entries should be displayed (see Figure 1-35), all
with different symbols beside them.* Widen the Search pane by dragging
its leftmost border to the left. Look through the names and locations.
Click on the entry that indicates the Polygon Feature Class stored at
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____16. Click the Description tab. Look at the metadata for the polygon
component of Landcover as you did for the Soils geodatabase feature class
before. Using the ArcGIS Metadata and the information under the ESRI Spatial
Information section (version 10.0) or Resource Information section (version
10.1), record all of the following that you can. The information that isn’t
available is shown by Xs in the following blanks: Projected Coordinate System:
XXX
Geographic Coordinate System: XXX
West Longitude (projected):
East Longitude (projected):
North Latitude (projected):
South Latitude (projected):
__17. Expand the FGDC Metadata > Identification and record the following
information (if you can): West Bounding Coordinate (geographic):




East Bounding Coordinate (geographic):
North Bounding Coordinate (geographic):
South Bounding Coordinate (geographic):

So there seems to be a little problem here. We don’t really know the
coordinate system. No geographic coordinates are shown. The bounding
coordinates are presented in “projected or local coordinates” but not in
decimal degrees. Does this data set relate to the Wildcat Boat problem?

Is the Newly Found Data Applicable?

Although the Landcover coverage and the Soils personal
geodatabase feature class probably occupy the same piece of real
estate (note that the projected coordinates you wrote down
previously are approximately the same for both), you have to make
sure. Suppose that, by looking at some paper documentation, you
are able to determine that the projected coordinates shown are in
fact in meters and the projection of the coverage is WGS84 UTM
Zone 18, just like your other data. So you should fix up the
coverage so that it has the same spatial metadata as the other data
sets. You can do this with ArcCatalog. When you were reviewing
the Landcover coverage (in Other_Data), you may have noticed a
SOILS coverage also. Maybe, since they’re in the same folder, they
are related and SOILS has the needed metadata.

__18. In the __ IGIS-Arc_YourlInitials\Other Data folder, check the
spatial metadata for the SOILS coverage against the spatial metadata for the
Soils personal geodatabase feature class, located in __ IGIS-
Arc_YourlInitials\Wildcat_Boat_Data
\Wildcat_Boat_Data.mdb\Area_Features

Also check the coordinates for the SOILS coverage against the
coordinates for both the Soils personal geodatabase feature class
and Landcover coverage.

¢ Do they have the same coordinate systems (including the false easting and

false northing)?
e Are the projected coordinates similar?




So at this point you should feel comfortable simply assigning the
Soils datum and projection to the land cover data.

Making a Personal Geodatabase Feature
Class from a Coverage What you want to do
is to convert the polygon component of the
Landcover coverage to a Personal Geodatabase
Feature Class, so you will have all the data in
the same format when you apply analysis tools
to it in the future. Also, you need to fix the
problem of not having the proper coordinate
system associated with the land cover data. It
turns out that you can do both these things at
the same time, by lodging the converted
feature class in a personal geodatabase data set
that has the proper datum and projection. You
will put it into the Area_Features feature data
set that is within Wildcat Boat Data.mdb.

19. In the ArcCatalog Tree, navigate to _  IGIS-
Arc_YourInitials\Other_Data\lLandcover\polygon and right-click the
icon. Choose Export > To Geodatabase (single). In the Feature Class To
Feature Class window that appears read the Help panel on the right-hand
side.Z Click in the Input Features field and read the Help panel. You will see
that the text box filled in for you. Click the Browse button next to the Output
Location text box, and navigate and fill in the blanks so that the window
looks like Figure 1-36, making sure that Area_Features appears in the Name
text box. You want the full location path to be




FIGURE 1-36
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Click Add. Name the Output Feature Class: Landcover, but don’t
OK the window.

Coverages have a number of fields that will not be useful in a
personal geodatabase feature class. You can use the Field Map to
eliminate them. You want to lose the fields AREA, PERIMETER,
Landcover_, and Landcover-ID so they don’t show up in the
personal geodatabase feature class table, so click on the field name
in the field map area to highlight it, and then click the delete button
(which looks like a small x). Do not delete the COST_HA and
LC_CODE. The resulting window should resemble Figure 1-37.
Assuming that it does, press OK. When the conversion has
completed a pop-up window will appear for a brief period of time.
(If you miss it, open a Results window by navigating to the
Geoprocessing dropdown menu and choosing Results. There you
can review all the settings you used in the recent process. Dismiss
the results window when you are finished.)

FIGURE 1-37
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Looking at the Landcover Personal
Geodatabase Feature Class

__20. Navigate to the Area_Features
personal geodatabase feature data set. Click it.
Within it you should see Landcover feature
class that you created from the Landcover
coverage. Select it. Click the Preview tab. You
see a map of the landcover you worked with in
Assignment 1-1. In the dropdown menu in the
Preview text box, select Table. How many land
cover polygons are there?
Check this against the number of polygons in




the Landcover coverage that you wrote down
previously.

______21. Examine the Landcover feature class
table. Notice the fields Shape_Length and
Shape_Area. These attributes are the
perimeters and areas of the polygons. Sort the
Shape_Area column into descending order.
The largest polygon is a portion of the lake,
with a land cover code of 500. What is the
perimeter of the polygon with the largest land
area (to the nearest meter)?
meters. What is the area of the smallest
polygon (record all digits)?

square meters.
Contrast this “double precision” number with

the one you previously recorded for the same

polygon in the Landcover coverage.

____22. Find the Landcover feature class
attributes and their properties with a right-click
on the Landcover icon. Then, in the Properties
window select Fields. Fill out the following
table, except for Width:

Field Name Data Type Width




__23. Cancel the personal geodatabase
Feature Class Properties window. Find the
names of the attributes by using the metadata,
check them against what you wrote above, and
add the Width. (Hint: It’s in ESRI Fields and
Subtypes. To repeat: when you click text with
an arrow pointing down beside it, you see
more text and the arrow points to the right.
Clicking again or clicking the Hide button with
an upward-pointing arrow contracts the text.)

Further Examining the Wildcat Boat
Facility Area Data Sets Do the following

steps using the datasets in
IGIS-Arc_YourInitials

24. In the Catalog Tree, click Soils feature class, within the
Area_Features feature data set. Click the Preview tab.

This feature class uses polylines to enclose areas (polygons). Each
of the polygons is considered to be homogeneous in a particular
type of soil.
__ 25. Using the Identify tool from the Geography toolbar, click a
polygon near the center of the map. The polygon becomes momentarily
highlighted, and the Identify Results window appears. You get the plane area



of the feature in square meters in the field Shape_Area. You also get, in the
field Shape_Length, the sum of lengths of the polylines (in meters) that
enclose the polygon. In the attribute field named SOIL_CODE, you are
shown a code that identifies the soil type, such as Tn4. There is also an
attribute (SUIT) that indicates whether the soil is suitable for the
construction of a building: 1 for unsuitable, 2 for moderately suitable, or 3
for suitable. Click some other polygons. Click the largest polygon in the
northeast (That’s water—note the SUITability and the SOIL_CODE:
). Dismiss the Identify Results table.

__26. Look at the attribute table for the Soils personal geodatabase
feature class. Obtain statistics for the Shape_Area column of the table. What
is the smallest area (to one decimal place)? The largest?

Close the Statistics window and sort the table from smallest to
largest and verify the minimum and maximum numbers. What is the area of
the largest polygon that is not water?
__27. In the Catalog Tree click on the Soils icon. Right click the icon.
Then select Properties > Fields. Fill out the following table, except for

Width.
Field Name Data Type Width

28. Cancel the personal geodatabase feature class Feature Class
Properties window. Find the names of the attributes by using the metadata,
check them against what you wrote above, and add the Width.

__29. Click the Contents tab. In the Catalog tree select the Line_Features
personal geodatabase feature dataset. Check out the presentation using the
four display options on the standard toolbar: Large Icons, List, Details
(scroll to see them), and Thumbnails.

__ 30. In the personal geodatabase feature dataset Line_Features, select
Roads. Make a thumbnail of the northwest portion of it. (You may need to
check your Fast Facts File to recall how to make a thumbnail.) Click the
Contents tab and note the thumbnail and some general information about the
feature class. What is its projection?%

__ 31. Click the Description tab and quickly glance through the overall




Description, the ArcGIS Metadata > Resource Identification as well as
FGDC Metadata > Identification. As with much metadata you will find,
there is a lot of missing information. Under FGDC Metadata > Metadata
Reference, note the metadata date the contents were last updated:
. (Cryptically the date is given YYYY-MM-DD and times

are often given HH-MM-SS-00.) ____ 32. Look at the FGDC Metadata >
Spatial Reference of the data. What is the geographic coordinate system
name? What is the projected coordinate
system name? To the nearest hundredth of a degree,

what are the geographic coordinates of the northwest corner?
The southeast corner?

__ 33. In the projected coordinates, to the nearest meter, what are the
coordinates of the northwest corner , .
The southeast corner? , . What are the
units of Roads? (Hints: Check under ArcGIS Metadata >
ESRI Spatial Information. Ctrl+F allows you to search metadata text that is
expanded.) ___ 34. Look again at the Preview of the Roads geography.

Zoom to full extent. Then look at the table.

Here again, each row in the table corresponds to a geographic
feature. In this case, each feature is a polyline, which is a series of
straight-line segments that each run between two points. Among the
fields of data you see a Shape_Length, which is the sum of the
segments that make up each polyline. This is also information that
you “get for free” when you use a GIS. There is also an attribute
named RD_CODE, which indicates something about the road, like
paved or not, width, who it is maintained by, and so on. (You will
see a much more comprehensive discussion of polylines and
segments in the Overview of Chapter 4.)

__ 35. Again look at the geography of Roads. Zoom up on the
northernmost road. Notice that it is not a smooth curve but a series
of straight lines. These lines begin and end at Cartesian points,
which have x-y coordinates. Use the Identify tool to see the
particular attribute values for the polyline that represent this road.
Be sure that, as you click the polyline, the feature is briefly



highlighted. What is the length of the road to the nearest meter?

. Each polyline is numbered with an OBJECTID. What is
the OBJECTID of this road? . The road code for this
polyline is . Dismiss the Identify Results window. Zoom to
the full extent of the Roads personal geodatabase feature class.

36. Find the Roads attributes and their properties. Fill out the

following table, except for Width:
Field Name Data Type Width

37. Dismiss the personal geodatabase Feature Class Properties
window. Find the names of the attributes by using the metadata and
check them against what you wrote above, and add the Width.

__ 38. Look at the Sewers personal geodatabase feature class.
How many polylines are there? What are the diameters of
the various sewer pipes (inches)? , Make
a thumbnail of sewers and examine it with the Contents tab.

39. Find the Sewers attributes and their properties. Fill out the

table below except for Width.
Field Name Data Type Width

__40. Cancel the personal geodatabase Feature Class Properties
window. Find the names of the attributes by using the metadata,
check them against what you wrote above, and add the Width.
___41. Look at the Streams personal geodatabase feature class.
Make a thumbnail. Use Statistics to determine the total length in
kilometers of all the Streams in the study area. What is
the longest stream polyline in meters?

42. Fill out the following table, except for Width:




Field Name Data Type Width

__43. Cancel the personal geodatabase Feature Class Properties
window. Find the names of the attributes by using the metadata,
check them against what you wrote above, and add the Width.
Dismiss ArcCatalog.

Exercise 1-7 (Project) Looking at Wildcat Boat Data with ArcMap
We will be using the Wildcat Boat Data a lot in the ensuing exercises in
the book. You may have elected to skip the steps that converted the
Landcover coverage to a geodatabase. Or that process may not have
worked correctly. In any event, just to be sure you are working with the
proper data, I’m going to ask you to delete the Wildcat_Boat_Data folder
you have been working with and replace it with one that is on the DVD

that comes with the book.
1. Using the operating system (Windows or whatever) navigate to the folder
[ ]IGIS-Arc_AUX\Wildcat_Boat_Data to be sure you have it.2 Within that you will find
Wildcat_Boat.mdb.

____ 2. Assuming that you do have [___]IGIS-Arc_AUX, the next step will be to delete the old
Wildcat_Boat_Data folder that you have been working with. Navigate to the folder ___1GIS-
Arc_YourInitials\Wildcat_Boat_Data and select it. Press the Delete key. Confirm that you
want to delete it after making sure that it is only the Wildcat_Boat_Data folder in the ___ IGIS-
Arc_YourInitials

folder that you are deleting.

__ 3. Navigate to the data set [ ]IGIS-Arc_AUX\Wildcat_ Boat Data and

select it. Press Ctrl-C to copy the folder onto the clipboard Navigate to the folder
_ IGIS-Arc_YourInitials
and select it. Press Ctrl-V. Verify that your personal folder now contains a
Wildcat_Boat_Data folder. Start ArcCatalog. Make a Folder Connection to
the Wildcat_Boat_Data folder. Open the folder. Expand it completely. Verify
that Wildcat_Boat.mdb exists, and that it contains Area_Features, which
contains both Landcover and Soils.

_____ 4. Launch ArcMap. Under New Maps click My Templates. Click on Blank

Map. Click OK. Add the Catalog Tree, using an icon on the Standard toolbar.

From your personal __ IGIS-Arc_YourInitials



folder drag the Sewers personal geodatabase feature class from Catalog Tree
into the ArcMap map window.2 Now drag the Streams personal geodatabase
feature class in. Put in the Landcover personal geodatabase feature class.
Make ArcMap occupy the full monitor screen. Because we started with the
Sewers feature class and it has less extent than Streams or Landcover, we
only see a part of these other two feature classes. The solution? Click the Full
Extent icon on the Standard Toolbar.

Here you see one of the major bonuses of a GIS: the ability to see
data of different types and from different sources easily represented
on the same map. An additional advantage is that you can
immediately choose what is shown and what is not. Notice that the
Landcover data set is displayed “under” the Sewers and Streams—
both in the Layers pane and, in a different sense, in the map
window.

_____ 5. Experiment with displaying and un-displaying the different personal

geodatabase feature classes by clicking the check boxes next to the data set
names.

____ 6. Remove both Landcover and Streams by right-clicking the data set
name and choosing Remove.*

__ 7. Sewers should now be displayed by itself. Open the attribute table
for Sewers by right-clicking Sewers and, from the menu that appears,
selecting Open Attribute Table. (Is the procedure to open an attribute table in
your Fast Facts File? If you didn’t remember how to open an attribute table,
it should be.) Reduce the dimensions of the attribute table and position it so
that you can see it and the graphic image of the Sewers as well. On the Tools
toolbar (which resembles the Tools toolbar in ArcCatalog—zoom, pan, etc.),
find the Full Extent Icon and click it to be sure you are seeing the entire
Sewers map. Then, press the Select Features icon (not the Select Elements
icon, which is also on the Tools toolbar). Now, click the northernmost sewer
line. It should turn cyan and the relevant row of the attribute table should be
highlighted. Pick another line and observe. Sort the records, in ascending
order, according to Shape_Length. Click the shortest arc you can find on the
map and verify its length in the table.

8. In the table, click in the small box to the far left of the last record.
The selected record becomes highlighted and so will the equivalent line.



I went through the last few steps to reinforce the point (that maybe
you now understand so well you don’t want to hear it anymore): A
GIS is a special case of an information system whose database is the
marriage of a (geo)graphic database and an attribute database.

Next, you look very briefly at the capacity of ArcGIS to let you add
a completely separate database table to the Table of Contents, view
such a table, and then join it together with a feature class attribute
table so that the information in the separate table becomes part of
the attribute table.

__ 9. Click the New Map File icon on the Standard toolbar. You want to

open a blank map. Don’t save changes. Add the Landcover feature class

from IGIS-Arc_YourInitials\Wildcat Boat Data
\Wildcat Boat.mdb\Area_Features.

__10. Open the Landcover attribute table. Notice that the table contains the
column LC_CODE but no indication of what the codes mean. Undock the table
if it is docked, and then close the table.

__ 11. Click the List By Source button at the top of the Layers window. Add,

using the ArcCatalog tree (in the side pane), the database table  IGIS-
Arc_YourInitials\Other_Data\LC_Code&Type.dbf.

Right-click LC_Code&Type and Open the table. What are the columns of the
LC_Code&Type Table?

Dismiss the table window.

__ 12, Right-click Landcover in the Table Of Contents. Choose Joins and
Relates > Join to bring up a Join Data window. You want to join attributes from a
table. In box number one—the field in the layer Landcover that the join will be
based on—select LC_Code from the dropdown menu. Such a field is called a key
field. In box number two, the table you want to join to the layer is, of course,
LC_Code&Type. In box number three, which may have been automatically
filled in for you, the field in the LC_Code&Type table is also named LC_Code.*
Click OK. (You will be asked if you want to create an index for the join field.
When you are processing thousands of records, this can ultimately save time. For
our minor demonstration, you can ignore the offer. Select No.)

Seeing the Results of the Join



__13. Dismiss the LC_Code&Type table.
Using the Identify tool cursor, click a polygon
in the map display. Notice that the amount of
information you get is substantially greater
than before. Specifically, you see not only the
land code (LC_CODE) but also the type
(LC_TYPE) that is associated with the code.
The important thing is that you have added the
contents of one table to another. Dismiss the
Identify window.

14. Open the attribute table of the
Landcover layer. Notice that all the
information has been put together. Sort the LC-

type. How many polygons consist of “Barren”
land?

A note of warning: The product of the preceding process—the table
with information gleaned from two tables—will persist only as long
as ArcMap is running and Landcover remains as a layer. If you
wanted to save the new table together with the geography of
Landcover, you would have to take additional steps. One simple
way to not lose your work is to save the map.

15. Dismiss ArcMap. When asked if you want to save the map indicate
Yes, giving it the name “Map with Joined Landcover Table” and placing it in
___IGIS-Arc_Yourlnitials.

Exercise 1-8 (Project) Understanding the ArcGIS Help System The
Help system in ArcGIS has many facets. There are several ways to



access different kinds of Help. Knowing how to access the various pieces
of documentation will make your use of ArcGIS more efficient and less
frustrating. You will start with a nifty mechanism for getting help on
tools and buttons.
A Button for Instant Help: “What’s This?” (for ArcGIS
Desktop version 10.0 only)
__ 1. Start ArcCatalog. Click the “What’s This” tool on
the Standard toolbar, then click the Connect To Folder icon
on the Standard toolbar and read all about it. Since you know
most of this information, I am mainly trying to show you
what you can expect from the Tool. Click any blank area (or
press Esc on the keyboard) to dismiss the information box.
Press Shift-F1. What happens?

. Click the Search
window icon on the Standard toolbar. Dismiss the text
explanation.

Click again the “What’s This” tool. Now click it again and
read about the tool itself.# Try using Shift-F1 on a content
menu item by first moving the cursor down to View >
Refresh, and then pressing Shift-F1. Read the box.

Getting Instant Help for a Tool or Command (for ArcGIS
Desktop version 10.1) As you have seen previously, when
you “mouse over” a tool, icon, or command you get a
description from a ToolTip. In version 10.1 this capability
substitutes for the What’s This tool, which is no longer
available.

The Help System and Documentation Not only is it
unlikely that you will ever learn all of ArcGIS, you may not
even learn all there is to know about the Help system. You
should make a major effort, however, because whatever
question you may have about the system probably has an
answer somewhere in Help. There is an immense amount of



information available. However, finding it can seem
somewhat like a scavenger hunt.

__ 2. Launch ArcCatalog. On the ArcCatalog Main menu click Help. Pick About

ArcCatalog. From the first line you can tell what version of ArcCatalog you are running:

. From the second line, if it is not blank you can determine what, if any, service

packs are installed. From the third line, you can find out the License Type:
. The Esri Web site is:

Click OK.

__ 3. For ArcGIS Desktop 10.0: Place the cursor in the right pane and click. Press F1. A
window opens named ArcGIS 10 Help. Click GIS glossary and you will be served up with
definitions of GIS terms that reside locally with your software. It is extensive. To access its
search capability, press Ctrl-F to bring up a Find window. Find “geodataset”. What is the
glossary text entry for this term?

Dismiss the GIS glossary.

For ArcGIS Desktop 10.1: The glossary is no longer supported. Instead you can go on
the Internet and point your browser at  http://www.esri.com/what-is-
gis/overview#glossaries panel

From there you can select the Esri Online GIS Dictionary. Search for “geodataset”.
What is the text entry for this term?



http://www.esri.com/what-is-gis/overview#glossaries_panel

Return to ArcCatalog

_____ 4. The remainder of the help system under Contents is a hierarchical nested set of
“books.” When you get down to the bottom of a given hierarchy, you will find a help
document. For example, in version 10.0, use the “+” icon in front of Professional Library,
then Geoprocessing > Introduction and finally the text What is Geoprocessing. For version
10.1 go straight to the Geoprocessing book, then Introduction and finally the text What is
Geoprocessing. Read the first page or so of the document and then scroll to the bottom of
the page where you will find Related Topics. To get back to previous screens, click the Back
arrow at the top of the window.

_____ 5. Check out What’s new and, within that, A quick tour of what’s new. If you continue
to use GIS after you finish this textbook, you will undoubtedly be faced with newer versions
the software.

_____ 6. Right-Click any entry in the left pane. Click Open All. Scroll down through the
pane. It may be daunting to see how much information there is, because of its implication
for the size of the software package. That’s why they will pay you the big bucks when you
know how to use it. Right-click again and select Close All.

____7.Click the topmost entry: Welcome to . . . Read the section.

8. Look at the buttons across the top of the help window. List them:

____ 9. To do this step, you may have to download the Windows 7 help file viewer, which,
unfortunately, doesn’t come with ArcGIS. You might require assistance from your system
administrator or instructor.

Press the Search tab. Type “catalog tree” thumbnail.

Click Ask. About how many topics are found? . Add the phrase “large icons”

and press Ask again. Open A quick tour of ArcCatalog and scroll through until you see the
Standard Toolbar section. Review the material to refresh your knowledge of that. Close the
ArcGIS Desktop Help window.

ArcGIS Help across the Internet

_10. Click Help on the ArcCatalog Main
menu. Click the ArcGIS Resource Center. If
your computer is connected to the Internet, you
will get to resources.esri.com, which provides
interesting information. Spend some time
looking at the Web page. Click on the tabs at
the top of the page, and look at the dropdown



http://resources.esri.com

menus. With a browser look at

support.esri.com.
11. Look for the Knowledge Base

heading. This entire site changes frequently, so
don’t be surprised if this is a difficult step to
follow. If you want to get a very extensive GIS
dictionary, you will see GIS Dictionary as an
entry within the Knowledge Base tab. Click it.

Look up “geodatabase.” L.ook up “file geodatabase.” Look up
“datum.”

Look up “relational database.” Look up “projection.” Look up some
other term that you might have been wondering about.

What’s the difference between the GIS Dictionary and the
Glossary? Just that they were put together by different people at
different times. Understand that Esri evolved from a single
consultant working out of his home into a huge organization. Esri
was not planned from the top down; it grew from the bottom up. So,
you can expect lots of duplication.

In this text, I will not define many terms. Nor will I include a
glossary. With all the capabilities you have to get definitions on
demand, I decided it would be better to save a few trees. If you want
a printed dictionary you can obtain A to Z GIS: An Illustrated
Geographic Information Systems. You may also search online. I
also highly recommend the Glossary of Mapping Sciences from a
joint committee of American Society of Photogrammetry and
Remote Sensing (ASPRS), American Congress on Surveying and
Mapping (ACSM), and American Society of Civil Engineers
(ASCE) which can be found at the following Web site:


http://support.esri.com

http://www.geoworkforce.olemiss.edu/tools/glossary_asprs/index.php
There are other parts of the help documentation that you will
encounter later, when you use ArcToolbox. Esri has an extensive
training Web site: training.esri.com which offers both free and

priced seminars and tutorials.

Exercise 1-9 (Dull Stuff) Using ArcCatalog for Mundane Operations
ArcCatalog serves as an operating system (like UNIX or Windows) for
geographic data sets. In this brief exercise, you will copy, paste, rename,
and delete a feature class. In copying the feature class you will also
automatically copy the feature data set and part of the geodatabase that

houses it.
1. With ArcCatalog running, highlight _ I6IS-Arc_YourInitials

in the Catalog Tree. Select File > New > Folder and name the folder

Housekeeping_Stuff. (Never, ever accept the proffered name “New Folder” because it

has a blank in it. ArcGIS may complain—and fail—later if a space is used in a path

name. Never use a file or folder name with a blank character in it!) There are other file

naming “gotchas,” such as dashes, so it is good practice to be simple yet descriptive

with uppercase and lowercase characters, numbers, and the occasional underscore.
__2.Navigateto ___ IGIS-Arc_YourInitials\Village_Data\Water_Resources.gdb and
highlight it. Select: Edit > Copy to place the Water_Resources.gdb onto the ArcCatalog clipboard.
(In place of Edit > Copy, you could press Ctrl-C, or you could press the Copy button on the
Standard toolbar.)

__ 3. Highlight the word Folder Connections in the Catalog Tree and select:
View > Refresh (or just press F5). This ensures that the Catalog Tree properly
reflects all data sets and puts them in order in the Tree. It is not always necessary
to do this, but it doesn’t cost much (only a bit of time and computer processing),
and it will save you on occasion from wondering where something went that was
supposed to be there.

__ 4. Navigate back to Housekeeping_Stuff, and highlight it. Select Edit >
Paste (or press Ctrl-V, or press the Paste button on the Standard toolbar). Refresh
the Catalog Tree again, expand Housekeeping_Stuff, and display the Geography
of this copy of the Fire_Hydrants feature class.

__ 5. With Fire_Hydrants highlighted, right-click on the name. Choose
Rename. (Alternative ways to start the renaming process: press F2, or left-click
on the highlighted name.) Type “NEW_Fire_Hydrants” to change the name of
the feature class. Click somewhere away from the name to end the renaming
process. Preview NEW_Fire_Hydrants with the Preview tab.


http://www.geoworkforce.olemiss.edu/tools/glossary_asprs/index.php
http://training.esri.com

_____ 6. Delete the feature data set Hydrants by highlighting it and selecting File
> Delete, or pressing the Delete button on the Standard toolbar, or by selecting
Delete on the dropdown menu that you receive by right-clicking the highlighted
name. Also delete the folder Housekeeping_Stuff. (You may have to delete its
contents, before you will be allowed to delete the folder.) Close ArcCatalog.

ArcCatalog operates pretty much like Windows Explorer or the
regular operating system file browser when it comes to copying,
moving, renaming, deleting, and so on. But always use ArcCatalog
when dealing with geographic data sets, whether they be
geodatabases, coverages, or shapefiles. You may, however, use
Windows to move or rename entire folders that contain geographic
data sets.

Exercise 1-10 (Review) Checking, Updating, and Organizing Your
Fast Facts File The Fast Facts File that you are developing should
contain references to items in the following checklist. The checklist

represents the abilities you should have upon completing Chapter 1.
Name:
My User or Logon Identifier:

My password is written down in this secure location:
The hard drive location of this FastFactsFile is

The FastFactsFile is backed up on
The date of the last update of the FastFactsFile is
The date of the last reorganization of the FastFactsFile is

The path to IGIS-Arc, associated with [__], is

The path to IGIS-Arc_Yourlnitials, associated with , is

Operations using ArcGIS Desktop software:

o To initiate ArcCatalog

To determine the level of ArcGIS (ArcView, ArcEditor, or ArcInfo)

To see properties of an entry in the Catalog Tree

To set options for ArcCatalog

To check on and install Patches and Service Packs

To expand or contract entries in the Catalog Tree

To copy, paste, delete, rename, make a new something (folder, shapefile, geodatabase
feature class, and so on), search, or reveal the properties of the entry in the Catalog Tree
To see the entire path of an entry in the Catalog Tree

To connect to a folder so that it appears as a single entry in the Catalog Tree

To disconnect from a folder

To turn toolbars off and on

To move toolbars around

To turn on ToolTips



e To get specific help on a tool or command

e To launch ArcMap or ArcToolbox from ArcCatalog

¢ To examine metadata

¢ To see the attribute table of a geographic data set

e Ways of selecting a row in a relational database table as the current record
e To change the appearance of a table cosmetically

o To get statistics on the numeric values in a table column

¢ To sort the values in a column

¢ To arrange the records order using both primary and secondary sort

¢ To move a table column

e To search for values in a table

¢ To make a column always visible

e To look at the graphics of a geographic data set

e To look at the items in a table that relate to a graphically represented feature
¢ To see the coordinates that the cursor is pointed at

e To see the characteristics and parameters of the attributes of items in a table
e To magnify the graphics of the area being examined

e To move around on a map that is being examined

¢ To make thumbnails of geographic data sets

¢ To explore metadata: description, ArcGIS, and FGDC (if present)

o To select among various metadata stylesheets

o Three ways to get data sets into ArcMap are

e Three ways of initiating the data set copying process in ArcCatalog are

¢ Three ways of initiating the data set renaming process in ArcCatalog are

o Three ways of initiating the data set deleting process in ArcCatalog are

e Ways of searching for geographic data sets with ArcCatalog are

o To find the properties of a geographic data set

¢ In ArcMap, to highlight both a selected feature and the corresponding row in the table

What’s Next?

In this chapter, you used ArcCatalog to find and explore geographic data sets and to install
those data sets in ArcMap. In the next chapter, you begin working with ArcMap extensively—
looking at examples of the wide variety of GIS data types available.

'The length of time most students will require to complete the exercises in the
Step-by-Step sections can be found in this textbook in the Preface to the First
Edition.

‘The blank to the left of each step number provides a space where you can put
a check mark when you have completed the numbered step.

*As you work through the text, you will find blanks in which to enter
requested information. Doing this keeps you on the right track. Rather than
writing in the book, you might want to use notebook paper or type into a
document file. Ask your instructor how best to proceed.



*You dismissed ArcCatalog in a different way. When there is more than one
way to accomplish something (almost always the case), I will usually show
you alternatives, just by having you use them. Note them in your Fast Facts
File.

If you don’t have any other folder connections, you are most likely starting
ArcCatalog for the first time. These drives may or may not show up,
depending on how your system is configured. Even if they don’t appear here,
ArcCatalog has a way to make them accessible to you, in the same way that
you added the “C” drive.

‘In general, even though you set options, you cannot count on those remaining
set if you terminate ArcCatalog and restart it later. You may have to return to
this procedure to reset options.

‘For future reference, you can (1) “Auto-Hide” the Catalog Tree by clicking
the pushpin (experiment with this). If you close the Catalog Tree (either
accidently or on purpose to provide more visual space for the right-hand pane)
you can make it reappear using the Windows menu.

“If you are a user of ArcInfo Workstation, or earlier versions of ArcInfo, you
know that the term “item” refers to a column heading indicating a coverage’s
attributes. Although ArcGIS Esri manuals refer to a line of text in the Catalog
Tree as an “item,” I will refer to it as an “entry.”

’This could be as simple as C:\. Recall that you recorded the drive and path (if
any) of the [___] designator in Step 2 of Exercise 1-2 above. In the event the
path to IGIS-Arc does not appear, click File > Connect Folder and navigate to
the IGIS-Arc Folder. Select it with a single click. Then say OK to the Connect
to Folder window.

“Geodatabases, shapefiles, and coverages are types of GIS data sets, which
will be discussed shortly.

UIn the default ArcCatalog window (Figure 1-16), this icon will appear on the
line below the Main menu, just under the File keyword, but it may have been
moved in your ArcCatalog window.

“Mouse over means to use the mouse to make the cursor hover over the item
you are interested in.



LRecall that [ ] is the path designation of the data for this text. You
determined it in Step 2 of Exercise 1-2.

“Provided ToolTips is set to on. To control this: Choose Customize > Toolbars
> Customize... > Options (tab) > Show ToolTips On Toolbars (make sure box
is checked).

EWhat you are looking at is, of course, graphics. But since the image is tied to
positions in the real world, I use the nonstandard term (geo)graphic.

“A note on using this text: When bold italic follows the check box (e.g.,
__20), it constitutes a general direction. You should read what follows the
bold italics to see what specific actions you are to take.

Repeat Step 6 in Exercise 1-4 if ArcCatalog Options have become unglued.

“If an entire column becomes selected while you are doing this don’t worry
about it. Double-click on the separator.

“You are probably familiar with these concepts. A discussion of basic
statistical measures may be found in the Overview of Chapter 6.

2Do not type the quotes in the Find What text box.

2As mentioned earlier: When bold italic follows the check box (e.g., _ 30), it
constitutes a general direction. You should read what follows the bold italics
to see what specific actions you are to take.

2FGDC stands for the Federal Geographic Data Committee of the United
States government. The Web site Internet address is www.fgdc.gov. The
Committee coordinates the development of the National Spatial Data
Infrastructure (NSDI).

2Windows 7 users have another interesting option: drag the title bar of
ArcMap off to one side of the screen so that Windows 7 automatically fills in
half the screen with the ArcMap window. Repeat the procedure for
ArcCatalog on the other side of the screen. An advantage to this procedure is
that you get to instruct Windows as to which window you want on the left and
which window you want on the right.

“The Personal Geodatabase is quite similar to the File Geodatabase that you


http://www.fgdc.gov

met with the Village Data. The differences that affect the user are in the details
of how searches are done, how large the data sets can be, and some others.
Details of the differences can be found by pointing your browser at
www.esri.com and typing “file personal” (without quotes) into the Search box.
Also the HELP files, to be discussed later, contain a detailed list of
differences. For now, don’t concern yourself with the differences, except to
know that the File Geodatabase is the most current standard.

2If you have questions about what indexing means refer back to the section on
“Searching (and Indexing) in General” in the Overview of this chapter.

%Search-result paths appear in lower case. Don’t let this concern you. In
general, text strings in Esri products are not case sensitive. This text will
continue to show names in the form you are used to.

ZDifferent versions of ArcGIS Desktop take different actions. Sooner or later
you will see the results described below.

2Every entry, that is, if folders that have been indexed. Search doesn’t work on
unindexed folders.

2[t is worth noting, for those who may be confused by the fact that I
sometimes say ESRI and sometimes Esri, that the company changed its name
from Environmental Systems Research Institute (acronym ESRI) to simply
Esri, pronounced variously “ezri,” “esri,” or with the letters sounded out “E-S-
R-1”.

2As you have seen you also use File Geodatabases. The filename extension for
those is gdb, which stands for Geographic DataBase. File Databases use a
variety of types of database software; Personal Geodatabases use only the
Microsoft Access database (mdb).

2] really can’t give you more explicit information about where to find those
values because the metadata formats change frequently, with new software
versions and updates. For example, version 10.0 is different from version
10.1. However, the relevant information is bound to be in there somewhere.
You just have to find it.

2If necessary, change the stylesheet (Customize > ArcCatalog Options >
Metadata) to add FGDC CSDGM Metadata, so you can also access this form
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of metadata. Again, metadata is handled differently between version 10.0 and
version 10.1.

2The distance from the equator to the North Pole is about 10 million meters.
(By the way, this is the way the meter was originally defined: one-ten-
millionth of that distance.) #¥If you can’t find the values you can press Ctrl-F
while the Metadata is showing a Find window will come up. Type False in the
text box and you will be led to something called “Well-Known Text”. (NOW
he tells us!) #The concepts of land use and land cover have a lot in common—
and also significant differences. Both describe “what’s going on” with a
particular piece of real estate. A land cover classification basically tells what
sort of surface component is present, such as forest, water, urban, wetland, and
so on. In a land use classification, the surface component is considered but so
also is the human use of the landscape, so one might find more detailed
information such as residential, commercial, and agricultural. Land use might
also include information related to prescribed zoning, such as single-family
residential or industrial.

*Coverages are very interesting data sets. They are made up of points, arcs,
polygons, labels, and tics. For those interested in the details of coverages:
search the web for: coverage Esri.

Z1f this is the first time you’ve run a tool, you will probably have to expand
the help by clicking the Show Help >> button at the bottom-right. Also, if the
help isn’t as helpful as you’d like, click the Tool Help button to see a more
detailed explanation and get all the information you’re about the tool in one
place.

2If the projection is not revealed, it may be that ArcCatalog reverted to its
default options. Reset the options. (How to do this should definitely be in your
Fast Facts File.) ®The Folder IGIS-Arc_AUX is on the DVD that came with
the book. If it is not on the computer’s hard drive in the [___ ] path, you should
copy it there with the operating system.

2If you run into a “schema lock” problem, dismiss ArcCatalog and load the
data set into ArcMap directly with Add Data.

“You can, by holding down the Ctrl key and clicking, highlight both data sets
at the same time.



“The key fields in the two tables do not need to have the same name. In this
case they happen to.

“The reference to the Table Of Contents has to do with ArcMap, which you
explore in detail in the next chapter.



Chapter 2

Characteristics and Examples of Spatial Data
OVERVIEW

IN WHICH you look at a variety of geographic datasets involving vector, raster,
triangulated irregular networks, and terrains. Datasets of shapefiles and
geodatabases are considered, and you are introduced to Esri’s ArcMap.

The Original Form of Spatial Data:
Maps

Thirty years ago spatial data meant maps. A single map is a spatial database and,
for many purposes, a very good one. For hundreds, perhaps thousands, of years,
almost all of the information used to support land-related planning and
management, and myriad other activities such as navigation, has come from
maps. Mapmaking became a well-developed activity. The piece of paper on
which the map is drawn is a continuum that can represent the quasi-two-
dimensional surface of the Earth in an obvious way. (“A picture is worth a
thousand words.”) Many times when people are asked “How do [ getto . .. ?”
they respond, “Let me draw you a map.”

Why, then, should we spend millions of dollars on databases composed of
discrete symbols when maps are available? Among the answers are that maps
alone are extremely hard to use for many of the analyses that human activity
requires. There are precious few ways to combine graphic information with other
graphic information. Decisions involving the space we live in are becoming
more difficult all the time because of the larger number of factors that must be
considered. Physical techniques have been evolved for combining maps, such as
overlaying one transparent map with another and looking through the composite,
but these methods are tremendously time-consuming and have substantial
limitations in terms of useful output.

The reason spatial databases composed of discrete symbols (numbers, letters,
and special characters) are overtaking map use is that, in the last 30 years, we



have learned a great deal about handling discrete symbols, and we have
developed both techniques and equipment (primarily digital computers and
software) that can manipulate symbols efficiently and quickly. Thus, an
approach that seems basically less appropriate to the task does in fact serve us
well—especially since high-quality two-dimensional maps, that is, analogs of
the landscape with their innate advantages in conveying information—can now
be produced by computers, at desired scales.

Moving Spatial Data from Maps to
Computers: Forces for Change

Force for Change #1: There Are Difficulties and
Limitations with Using Maps for Decision Making

Maps can depict things beautifully and usefully, so for many applications, a
paper map is exactly what is needed. But for many purposes maps are hard to
use, for these reasons:

e A map is a compromise between a storage function and a display function.
As more and more information is stored on a map, it becomes more
cluttered. At some point, it becomes unreadable. A map that stored every
theme of interest to everyone would be black. Aeronautical charts are a
good example of this problem. The aeronautical charts of the 1950s were
pretty simple affairs, showing terrain, prominent features, and some airport
information. As new regulations came into effect, and new communication
facilities were established (whose radio frequencies were placed on the
map), as new types of official airspaces were defined, as new military
training grounds were introduced, the map had to depict more and more. As
a consequence, without careful study (not an activity that can easily take
place in the cockpit of an airplane, where the primary activity should be
piloting), it is easy to misread such a cluttered map. In a GIS, the storage
function and the display function are separated. When display is required, a
map can be constructed of only those themes wanted by the user.

e It is difficult to analyze a map. Consider a map that shows highways.
Suppose you are interested in knowing the distance from city A to city B.
What is meant by “distance”? How about straight-line distance from city



center to city center? Obtaining an approximation of a straight-line distance
isn’t too hard. The map has a scale indicating that a certain linear distance
on the map corresponds to a certain number of miles or kilometers along an
idealized “Earth” with no bumps. You only need a way to measure a
distance on the map and compare the measurement to the map’s scale.
Perform a little arithmetic and you’re done. But since the map is a projection
of the spherical Earth, the distance won’t be exact. The scale varies over the
map’s surface, so the scale applies exactly only in very few places on the
map. Another reason the straight-line distance is not exact, even if you
could follow the straight-line distance over the surface of the Earth, you
would probably encounter hills, which add to the distance.

Let’s make the problem harder: You want distance from “A” to “B” along a
highway route. Depending on the type of map, you may get some help in
this analysis. If you are looking at an oil company map or an automobile
association map, it might have one of those triangular matrices that indicates
distances between selected cities. Here, part of the analysis has been done
for you—provided your origin and destination are represented on the chart.
Another approach could be used if the map has numbers printed beside
segments of the road that you can add up to get the total distance. Again,
some of the analysis has been done for you, but you still have a bit of work
to do. If the map doesn’t have these features, then you could use the scale of
the map to approximate distances along the route. Based on what the
graphics of the map show, you could determine the sum of all those curvy
road segments. The more the road curves, the more arduous the task. Also,
even when you can sum the segments up, you have to remember that the
road curves in three dimensions. Going up and down hills adds miles to the
distance a car travels, over and above the distance that would be traveled by
simply following the two-dimensional line. Once data are in a GIS, such
distance calculations are trivial—though they are still an approximation. So
the process of finding the distance—one of the simplest answers you might
want from the map—is not simple, and is guaranteed to be imprecise.

If you are unimpressed with the difficulty of analyzing distances on a map,
let’s move to a harder problem. You have a map of a county that has several
parks. Suppose your map shows parkland as green areas. You would like to
know the area—in acres, square miles, or square kilometers—that the parks
occupy. How do you determine that? You might use the linear scale of the
map to make a two-dimensional grid of squares on some transparent



material, lay this over the parkland polygons, count squares, and do some
arithmetic to estimate the area. Or you could divide each polygon up into
triangles and calculate the area of each triangle.! Or you might obtain a
remarkable device called a planimeter—a gadget that is made to measure
the area of a graphically represented planar region—and run its stylus
around the boundary to get an approximate value. (You’ll find the
planimeter in a museum, next to the slide rule, which is next to the abacus.)
Or you could paste the map down on a thin sheet of aluminum, use tin snips
to cut out the green areas, and compare the weight of all the cutouts to that
of a known area of the aluminum sheet. Again, none of these processes is
easy, or particularly accurate. The point is this: Maps are hard to analyze. In
a GIS, once the data are in the computer, an excellent approximation of the
area is a quantity that you get for free.

e It is difficult to compare maps. If I didn’t convince you how difficult it is to
analyze a single map, look at the issue of comparing maps, or analyzing
multiple maps to get information from the combination of them. Suppose a
municipality wants to build an airport to serve its region and you are to
advise the government on how to find adequate locations. What factors must
be considered regarding the several hundred square kilometers around the
municipality? Here is a partial list:

Topography (of the potential site and of the surrounding area)
Geology

Environmentally sensitive areas

Soil characteristics

Land cost and land availability

Access to ground transportation facilities
Weather patterns (e.g., tendency for fog to occur)
Obstructions in the airspace (e.g., towers, wires)
Existing land use

Surrounding structures and their heights

e Habitat of endangered species

e Proximity to populated areas

and several more.

You are not likely to find all these features on a single map. If you have
multiple maps, you certainly have two major problems, and you probably have
three.



e First, just inspecting several maps for the right combination of factors is
quite difficult. How would you determine where to put the airport? You
could pin the maps side by side on a wall and look at them. “Here’s a
location with nice large, flat area on Map A.” “Whoops, no. Map B shows
the soil wouldn’t support a runway.” Trying to look at several maps in a
serial fashion is not easy.

e The maps you will be able to get will be different shapes, at different scales,
using different projections and different units, and will cover different areas.

e Maps get out-of-date. A U.S. Geological Survey topographic map covering
part of Lexington, Kentucky, was produced in 1965. It was updated in 1993.
During that time interval, the city grew by 100,000 people. It takes a lot of
time to produce a good map. Even as soon as a map is published, it is out-
of-date. Of course, part of this problem occurs because it is impractical to
survey and record all significant changes just as they occur. But another
major problem is that once a map is printed, the publisher cannot change it.
If the accuracy of a map is critical, as with aeronautical maps, an updated
version can be reissued frequently. With GIS, changes can be made to maps
as soon as information about changes becomes available.

On the other side of this coin is the considerable value that maps, as they have
been made for the last several decades, have for many sorts of activities:

e Maps provide a visually intuitive reference to the features and activities of
an area of interest. They connect us with our environment with a level of
directness and lack of ambiguity that one may not get with the “black box”
and small screen of the computer.

e Maps are easily portable. They don’t weigh you down. They display
information you can read out of doors—something your laptop computer or
tablet may not do. They don’t need batteries or charging; thus they don’t
expire in the field at inopportune times.

e Maps usually give you large display areas. Yes, you can zoom to great levels
of detail and pan on a computer screen or a tablet screen. But there are times
when you need both a reasonable level of detail and a large view. It’s hard to
beat six square feet of map in those instances.

e Many maps are basically honest. Those produced by the U.S. National
Mapping Program adhere to rigid standards. (Look at
http://nationalmap.gov/standards.) Frankly, the ability to provide users with
measures of accuracy and quality control is something that all GIS programs
fail at because vendors haven’t truly gotten to it yet. The move to associate
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metadata with GIS datasets goes in the right direction, but when you
combine GIS datasets, there is no hint as to how good the resulting datasets
are.

Force for Change #2: The Need for Better
Resource Allocation and Environmental
Protection Became Evident

Before the 1960s, it was the view that the source of things humans wanted, such
as land, resources, energy, air, and water, was independent of the sink where we
put things we no longer wanted, such as garbage, heat, sewage, and combustion

products. (See Figure 2-1)
FIGURE 2-1
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In the decade of 1960s, perhaps beginning with the publication of Silent Spring
by Rachel Carson, we began to understand the implications of our freewheeling
use of resources and our disposal habits. At the end of the decade, the National
Environmental Policy Act (NEPA) was passed and the Environmental Protection
Agency (EPA) was established. Some, at least, began to understand our situation
as depicted in Figure 2-2: The source and sink are connected, and in a way that
has serious implications for our future. Stuff moves back from the sink to the
source. If, following the path of the dashed arrow, that movement occurs
naturally, we call it pollution. If the transfer, according to the solid arrows is
back through human activity, we call it recycling. In any event, we have to deal
with the fact that our source and our sink are connected. GIS can help.

FIGURE 2-2
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Force for Change #3: The Evolution of the
Garden-Variety Computer System Has Been
Amazing

To compare computers, we might use this formula as a gross measure of
computing power (P):

P ~ (S*M)/$
to be read as P is proportional to “computing speed” times “primary memory
size” divided by “machine cost.” Let’s look at the change of computing power in
the past 50-odd years (since the second-generation machines came out, using
transistors instead of electron tubes).

¢ A popular machine in 1960 (the IBM 1620) had a memory of 20,000 bytes.
A popular machine today could have 4 billion bytes (4 gigabytes). So
today’s machine has on the order of 200,000 times as much memory.

e The IBM 1620 had a clock speed of 50 kilohertz. Today’s machine might
run at 2.5 gigahertz. That’s another factor of 50,000.

e The cost of the IBM 1620 in 1960 was about $100,000 or, considering
inflation $500,000 in today’s dollars. Today a popular machine might cost
$2,000. This gives us a factor of 250.

So one could say that, considering cost, today’s machine was 200,000 x
50,000 x 250 times as powerful as one in 1960. That’s a factor of 2.5 trillion. To
put the idea of a “factor” in perspective, consider a factor of “2.” Let’s say your
income was doubled (or halved). That’s a factor of 2. Quite an effect, no? Or
consider a factor of “10”—say, the speed of a car compared to a human running
speed, or the speed of an airliner over a car. A factor of 10 changes the nature of



whatever is being considered. What does a factor of 2.5 trillion do? Boggles the
mind, that’s what. Of course, much of that increase is used up with graphics,
poor programming, and nonuse (computers which are only typed on are loafing
along at about 1 percent of their capacity, no matter how fast you type). Still,
when the chips are down—so to speak—today’s machines are quite amazing.

In addition to the sheer increase in power of today’s computers, the hardware
has become much more reliable, so that the failures are quite rare, even over
years. However, this is much more than offset by the fact that software has
become less reliable. Software vendors tend to want to get their products on the
market quickly, whether they are buggy or not.?

Spatial Data

When location or position is used as a primary referencing basis for data, the
data involved are known as spatial data. For example, the elevations, in feet, of
the landmarks Clingman’s Dome and Newfound Gap in the Great Smoky
Mountains National Park are data. If the primary referencing basis for these data
is the “Great Smoky National Park,” or x miles south of Gatlinburg, Tennessee,
on U.S. Highway 441, or p degrees latitude and q degrees longitude, then the
elevations could be referred to as spatial data.

Spatial data, then, are discrete symbols (numbers, letters, or special characters)
used to describe some entity; these data are organized according to the location
of that entity in the three-dimensional world. They are data that pertain to the
space occupied by objects. It includes cities, rivers, roads, states, crop coverages,
mountain ranges, and so on.

Normally, when it is desirable to describe things in the real world by spatial
data, the objects are abstracted into some geometrical or mathematical form, as
discussed in Chapter 1. For example, a fire tower might be represented by a
point, a stream by a set of connected straight lines, and a lake by a polygon
boundary.

Limiting the Scope

Spatial data (again, facts about the real world organized by locational
coordinates) can be used to describe molecular structures, a human central



nervous system, positions of books in a library, or stars in the universe. Since
this book relates to geography, we now exclude several categories of spatial data.
Usually not considered are data that relate to:

We

Conditions that change quickly in time—in matter of hours, days, or even
weeks. Current pollution levels, weather, and ties will not be included,
although average pollution at a point, climate, and ranges of times could be
included. Exceptions to this rule include using sensors to collect immediate
data about conditions and put those data out to Internet sites for display on
the Web.

Objects that move about in space—such as automobiles, animals, or people.
However, data about flows of these objects past a certain point at a certain
time might well be included. Exceptions to this rule include using GPS to
keep up with trucks and cars, or to track animals in the wild.

Circumstances in which the locational identifiers must be more precise than
1 decimeter (a tenth of a meter) to ensure that the related data are useful or
valid. The smallest distance separating two adjacent entities that can be
distinguished from one another is called the resolution distance, or simply,
resolution. If the separation in distance is less than the resolution, the data
cannot be used to resolve any differences in the condition or situation.
Again, there are exceptions: Surveyors are making increasing use of GIS,
and they make measurement to within a centimeter.

Spatial Data for Decision Making

have said spatial data relate to conditions, facts, and objects in three-

dimensional space. Most spatial data that now exist use a two-dimensional
referencing scheme such as latitude/longitude (or projections thereof) or street
addresses. Unless the dataset is specifically one that considers the matter of
altitude, this third coordinate is either included as part of the attribute data
(rather than part of the locational identifier) or is implied by the nature of the
data. For example, if the data describe soil characteristics, one understands that
the top few feet of the Earth’s crust, regardless of altitude, are being described.

Data types that might be part of spatial datasets are exemplified in Table 2-1.

TABLE 2-1 Example Data Types Included in Spatial Data

Soils

Types, physical and chemical properties

Vegetation Species composition, age




Wildlife habitat Types, carrying capacity

Hydrology Ground and surface water, volume, flows

Geology Rock types, minerals and ores, physical and chemical properties, oil and gas
deposits

Physiography Elevation, slope, aspect

Land use Activity types, structure types, zoning

Land cover Types, facts about what covers the surface

Transportation facilities Types, capacity, schedules, condition, age

Utility distribution systems |Service areas, capacity, historical features and landmarks—importance,
condition, ownership, use

Census districts Population, housing, other demographic information

Fire districts Equipment rating, insurance rating

Zip code zones Delineation of areas

Centers of employment Types, work hours, number of employees, industrial classification
Locations of police stations |Area of jurisdiction, facilities

Pollution sources Types, duration, occurrences

Land parcel information Owner name, address, value of land, value of structures, tax information
(Cadastral)

Sets of Spatial Data: The Database

We have discussed databases in general (a medium containing numbers,
symbols, or graphics organized according to some scheme). And we have
commented on the idea of spatial data (data describing entities in the three-
dimensional world where the location of the thing being described is an integral
part of the description.) A spatial database, then, is a collection of spatial data,
organized in such a way that the data can be retrieved according to their
locational identifiers and in other ways as well.

This presentation of a list of data types or variables whose data might be stored
in a spatial database does not imply that satisfactory storage schemes are easy to
determine, nor that each variable will be stored in the same manner. Whether the
geometric abstraction for a data type is best selected as a point, line, area, or
volume can be an important consideration in a particular storage scheme.

The development of spatial databases to be used for analysis and decision
making is both an art and a science. Thus, when any data-handling program is
being developed, a key point to remember is that there is no single best way.

Spatial Databases: Inherent



Difficulties

In addition to all the problems one has in building, maintaining, and operating
any large database, spatial databases have their own peculiarities and challenges.
Here are some that need to be considered.

Size

An airplane pilot once said (in pre-radar days) that the thing that kept ATC (Air
Traffic Control) from folding up completely in its attempts to keep airplanes
from colliding was that “God packs a lot of airspace in three dimensions.”
Anyone who has worked planning or management related to the land knows that
God also puts a lot of surface area in two dimensions. Thus, any spatial database
used for land and resource considerations will either (a) not cover much area, (b)
not include much detail, or (c) be very big. Very big databases, regardless of
their simplicity, are expensive to build and maintain.

Spatial data in general use up a lot of computer memory and disk space. For
example, Figure 2-3 is an orthophoto image of a part of northern Michigan
(around Frankfort and Pilgrim) and Lake Michigan.? It represents an area of
about 30 square miles.

FIGURE 2-3 An orthophotoquad image of a portion of northwestern
Michigan




The image consists of square (picture elements, or pixels) that are 1 meter on a
side and can be displayed white, black, and 254 shades of gray. The file

underlying the image, represented in the most basic form, binary, looks like this:
1111111010101C1011111111C1000000101C0100000101000000000000101C1011110101C11001110001
01C10100010011101010001000001000010000111101000100100101001000110010001001110010111
1111010101C1011111111C100000010101000001010000000000001 01010111101 C1011 001110001010
1010001001110101C00100000100004100001111010001 001001 C1001000210C10001 0011100101111
1141010101C1111111106100000010101000001 010000000000 0010101011110101 01100111 C00101010
1000100111C1010001000001 0000100001111 0200010010012C01200100011001000100111001C11111110
10C0000101010000010100000000000010101011110101 021001110001 01 01000100111 010100010000



CloooClo0001111010001001001010010001100100010011100101111111010101010111111112100040
colol101l00000101000000000000101010111101 0101100111000 010102000100111010100010000010
o001000011110100010010111111110101010000000000010101010101010111 01001001001 01100100
10111001111111010101010111111110100000010101 000001 010000000 0000010101011110101011040
111000101010100010011101010001 000001 0000100001111010001 00100101001 00011001000100111
0oo0101111111010101010111111110100000010101000001L01000000000000101 01011110101 01100111
0oo00101010100010011101010001000001L00001000011110100010010010100100011001000100111001
01111111¢10101010111111110100000010101000001010000000000001010101111010131100111000
10101010001001110101000100000100001000011110100010010010100100011001000100111001011
111110100000010101000001010000000000001012101111010102100121000101010001001110101040
CcloeoQo1lo000100001111010001001001010010001100100010012210010111111101010121011111111
0loooQo0101010000010100000000000010101011110101311001210001010101000100111010100010
coool1o0001000011110100010010111111110101010000000000010101010101 01011101001 00100101
100100101110011111110121010101111111101 00000010101 000001010000000000001010101111010
1011001110001010101000100111 01010001 00000100001 00001111 010001001 001010010001 1001000
100111001011111110210101010111111110100000010101000001L010000000000001010101111010101
1001110001010101 000100111 0101000100000 0000100001111010001001 00101001 00011001000100
11100101111111010101010111111110100000010101 000001 010000000000001010101111010101100
111000101010100010011121010001 000001 0000100001111010001 00100101001 00011001000100111
0oo01011111110100000010101000001010000000000001010101111010101100111 000101010001 00111
0l0100010000010000100001111010001001 00101 00100011001000100211 0010111111131 010101011
1111110100000010101000001010000000000001010101111010101100211 00010101 01000100111010
100010000010000100001111010001 00101111111 101010100000000000101010101010101110100100
1001011001001011100111111101010101011111111010000001010100C0001010000000000001010101
1112101011001110001010101000100111010100010000010000100001111 010001001 00101 00100011
colo0C10011100101111111010101010111111110100000010101000001010000000000001010101111
0l0101100111000101010100010021101010001 00000100001 0000111101 0001 00100101001 00011001
0001001110010111111101321010101111111101 00000010101 000001010000000000001010101111010
1011001110001010101000100111 01010001 00000100001 00001111010001 00100101 00100011001000
1001110010111111 101000000101 01 000001 010000000 00000101010111101010110011100010101000
10011101¢10001 00000100001 00001111010001 00100101001 000210010001001110010111111101010
10101111111101000000101010000010100000000000010101011110101011001110001010101000100
1110101000100000100001000011121010001001 01111111101 010100000000000101010101010101110
100100100101100100101110001010101010101 01010101101 00101010001 00100110001 000100010140
10101010101011111111010000001010100000101000000000000101010111101010110011100010101
0loo010011101010001000001 00001 00001111010001 001001 010010002100100010011100101111111
0l01010101111111101000000101010000010100000000000010101011110101 01100111 0001010101
000100111 010100010Q000100001L00001111 0100010010010 00100011 001000100111001011111110
101010101111111101000000101010000010100000000000010101011110101011001110001 0101010
COLlo0111010100010000010000100001111010001 001001 01001000110010001001110010111111101
coooo0C1l0101000001010000000000001010101111210101100111000101010001001110101000100000
10000100001111 010001 001001010010001100100010011100101111111010101010111111110100000
0101010000010l 0000000000001010101111010101100111000101010100010011101010001 00000100
colo0C01111010001001011111111010101000000000001010101010101011101001001001011001001
01110011111 010101000000000001010101010000101010000010100000000000010101011110101011
001110001010100010011101010001 00000100001 0000111101000100100101001 000110010001 00111
oo01011111110101010101111111101000000101 01000001010 00000000000101 01011110101 01100111
0001010101000l 0011101010001000001L00001000011110100010010111111110101010000000000010
101010101010111010010010010110010010111001111101010100000000000101010101310101110140
0lO01o01o1100

This goes on for about another 630 pages, which the publisher has,
understandably, declined to include. Our point is, it takes a lot of bits to represent



even a small photo.

Continuous Nature of the Referencing Basis

In most databases, a particular, unique key points to a unique thing. For some
examples, a given auto license number identifies a particular car; a name or
Social Security number tags an individual person; a house number and street
constitute a pointer to a residence. Spatial phenomena do not enjoy any such
autonomy, however—they are a mixture of discrete and continuous. That is,
there is no natural and completely satisfying one-for-one correspondence
between spatial locators and the related data. A virtually infinite amount of data
is potentially available about even the smallest area of the real world; we can
store only a small part. Thus, by choosing a particular technique for organizing
the continuous into the discrete, we are screening out or “throwing away” an
infinite amount of potential information. Clearly, it takes some sophistication
and forethought to select a technique to represent the coordinates that apply to
the continuous real world and have a database that will be useful in solving
problems.

Continuous Nature of Data

In addition to the continuum of two-and three-dimensional space just mentioned
(i.e., the fact that our basic referencing scheme potentially has infinitely many
points in it), there are also problems with the continuous nature of the data
themselves. Soil type is probably a good example. Just as no two snowflakes are
alike, no two soils are exactly alike. Soils must be categorized into groups and a
judgment made about which group a particular soil belongs to. In naturally
continuous variables, such as elevation, the parallel issue of precision comes in:
Do we measure (vertically) to the nearest meter? To the nearest millimeter?

Abstraction of Entities

The simplest reference that can be made in a spatial database is to a point, but no
material entity is ever just a point. Many of the things we deal with are either
linear features, areas, or volumes, so the referencing scheme becomes more
complicated. Where is a house? Well, it’s a lot of places when you get right
down to it. Do you define it by its corners in plan view? Do you select a single
point, a “centroid,” and define the house to exist at that point? Do you simply



say it exists in town “X,” with many other houses? There are many fundamental
variations in the way the “real world” is and can be referenced. These varying
methods can be incompatible, precluding any easy transfer of data or techniques
for manipulating data.

Multitude of Existing Spatial Coordinate
Systems

Many spatial coordinate systems exist. Most of those used for planning and
resource management rely on the use of flat projections of curved surfaces.
Many of the datasets that will be used to build a multivariable spatial database
will come from data recorded with distorted and dissimilar methods of
representation. Matters of units, datum, spheroid, and projection must be
addressed. A single state may use many coordinate systems in its various
agencies. Examples are latitude and longitude (both NAD27 datum and NAD83
datum), UTM (both NAD27 datum and NAD83 datum), a state plane coordinate
system (one or more zones), road miles, river miles, a special coordinate system
for particular features (e.g., oil and gas wells), and so on.

Existing but Inappropriate Data

While it is true that considerable data of the types important to this discussion
have been collected, many of them are not directly usable in a spatial database.
This occurs principally because these datasets, collected by groups or agencies
with specific missions to serve, have been assembled in nonuniform categories
or have been interpreted in a specific manner for a particular purpose. For
example, early soils data categories may not contain the necessary information
that will enable measurement of some environmental effects of land use
activities.

Effort Required for Development

The data in our base won’t develop as a natural consequence of some already
ongoing process. Other database developers are more fortunate. As a clerk
processes applications for auto license tags, he or she may type the pertinent
information about the car, owner, and tag directly into a database. Thus, the
database develops as a result of the tag-selling process that must occur anyway.



Spatial databases about the environment have not evolved as consequences of
other processes; the work starts almost from scratch in most cases.

The Changing Environment

One cannot get an entire spatial database of any size developed before part of it
is incorrect because some of the values in the real world will have changed over
time. Land use is an example of a variable whose data values are changing in
many places on a daily basis. Houses are built. Roads are paved. Even such
stable phenomena as topography change drastically over time. For example, the
Mississippi River was about 1300 miles long when LaSalle floated down in his
canoe. When Mark Twain wrote about it 200 years later, it was less than 1000
miles in length. Not only that, very little of what was wet in LaSalle’s day was
still river in Twain’s. And to further illustrate the futility of any attempt at a
“permanent” spatial database, Ole Man River has moved at least two towns from
one state to another by its meanderings. The moral is that some data values of all
variables in a spatial database are going to change over time. Some procedure for
updating the base must be developed or the value of the base will be degraded by
time. Further, different variables are of different value to the analysis and
decision-making process and, of course, change at different rates. In some cases,
the efficient thing to do is to note changes as they occur; in other cases,
replacement of all data related to a particular variable is in order. Either way,
there are difficulties and costs.

Multiple Paradigms for Storing Geographic
Data

Ingenious ways of taking the continuous, virtually infinite environment and
storing its important features in a discrete computer have been developed.
Spatial data stored in one scheme are not easily converted to another, and one
almost always loses information in such a transfer.

For example, take the matter of representing the elevations above sea level of a
geographic area. To begin with, one is dealing, in theory, with an infinite number
of values. If you establish the elevation of a given point, then, depending on the
precision of your measurements, a nearby point, say 1 meter to the north, will
have a different elevation. Elevations of an area may be thought of as a
continuous surface, potentially different at every latitude and longitude position.



Unless we can model this surface with a mathematical equation (and, with the
average mountain or cow pasture, this is usually out of the question), we are
stuck with having to select a set of specific points, determine their elevation, and
make assumptions about the elevations between those points.

Several ways of representing elevation in GIS have been used. Three are as
follows:

e Contours
¢ Digital elevation models
e Triangulated irregular networks

These will get more detailed treatment later, but let’s look at their essential
characteristics.

Contours are familiar to you from you experience with topographic maps.
Each contour line represents a given elevation. That is, if you walked along the
path depicted by the contour line, your elevation would not change. Recalling
that a GIS is a marriage of geographic database and an attribute database, you
see that the geographic points along the path form the geographic part of this
partnership, while the elevation of the line is the attribute datum. To obtain an
estimate of the elevation at a point between two contour lines interpolation might
be used.

Digital elevation models (DEMs) rely on the idea of a raster. A raster is a set
of equal-sized squares, arranged in rows and columns, which cover (tessellate, if
you want a highbrow word) the plane. Think of a chessboard—or square tiles on
a kitchen floor. The geographic position of each square (e.g., its center) can be
calculated by its row and column number. Each square has an attribute that
might be its average elevation (or, if the DEM were being constructed for aircraft
pilots, it would be better if the attribute were the maximum elevation!) The
reported elevation is, therefore, constant within a given square and usually
changes at each edge of each square, making for a rather lumpy representation.
Obviously, DEMs with more, and smaller, squares potentially represent the
surface better. Of course, the value obtained from a DEM for a given position is
almost guaranteed to be somewhat incorrect.

Triangular irregular networks (TINs) represent the surface of a geographic area
by a set of triangles whose vertices are points of known elevation. Since three
points determine a plane, the computer can come up with an estimated value of
elevation for any requested point among those points. Of course, the Earth’s
surface is not made up of triangles, and poor selection of the points of known



elevation (e.g., midway up a hill rather than at its top) could dramatically,
negatively affect the accuracy of the TIN. Again, the more known points, the
more triangles, and the (potentially) better representation of the true
environment. The use of LIDAR from aircraft sensors can result in elevations of
points that are perhaps only two meters apart horizontally. So high accuracy is
possible.

Information Systems

This issue of “processing” data in a map form (analog) versus symbol form
(digital) brings us to the matter of processing or handling data in general. The
conceptual model we will use is that data are processed to produce information.
Actually, the terms are not absolute, because what is information to a person
filling one role may be data to someone else filling another. However, the idea of
a before—after concept, distinguishing the two states as data and information,
turns out to be useful, so we employ it.!

An information system, in the context of this material, is a set of steps, or set of
processes that is executed by a “device” to produce information. We choose to
call the symbols that are input to the process by two names: data and parameters.
“Data” we have discussed along with its formation into bases. “Parameters” we
consider to be information, which the user of an information system supplies at
the time of use of the system. Such parameters might specify which data in the
base are to be used, how they are to be combined, what the format of the
resulting information—output—is to be, and other specifications and/or
constraints.

For an example, a professor may assign a student the task of compiling a
bibliography of the works of Shakespeare. The database might be a library
catalog; the parameters are such descriptive terms as “bibliography.”
“Shakespeare,” “word-processed”; the device is the student, who, with his eyes,
pencil, word processor, and so on produces the information. Figure 2-4 is a
diagram of a generic information system.

FIGURE 2-4 Schematic of a general information system
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In Summary

Based on the preceding discussion of spatial data, databases, and information
systems, we can offer yet another definition of a GIS: A geographic information
system is an information system that has its primary source of input a base
composed of data referenced by spatial (or land, or geographic) coordinates. The
system accepts parameters, examines its database, and provides information for
decision making and resource management. In an automated spatial information
system, a major part of the device that does the processing is an electronic digital
computer. Much of the database it uses is stored on computer hard drives in
servers or PCs.

Uses for a Geographic Information
System

The following list of examples of the use of a GIS is hardly comprehensive, but
as you read through it you may happen on ideas that will apply to your areas of
interest or study.



Land and Its Use

Discounting the possibility of sudden catastrophe, the strongest factor in how
things will be tomorrow is how they are today. A planner or manager who fails
to provide himself or herself with information about the current state and
characteristics of the environment will probably misplan and mismanage.
Perhaps the most important variables in a geographic database are as follows:
1. What now exists on the land (land cover and resources)
2. How the land is employed (land use and human-oriented activities)
3. What is legally permitted to happen to the land (zoning and legal control)
Once the present state of the environment, or the portions of it with which we
are concerned, is recorded in a form amenable to processing, we can begin to
make decisions about its conversions to some other use. A geographic
information system can be useful in dealing with at least three general categories
of issues:

¢ Determining the effect a particular activity or land use will have at a

particular location (sometimes called environmental impact analysis).

e Given a particular activity, with its characteristics known, determining a set

of locations where it might be placed (sometimes called locational analysis).

e Given a particular location or site, determining a set of land use activities

that might well be placed there (sometimes called site analysis).

Let us now briefly look at a variety of specific areas in which geographic
information systems could have an impact. The thrust of presentation is mostly
by example and is far from comprehensive. The format we will use, for the most
part, is as follows:

1. Examples of types of spatial (and other) data that might be stored
2. Advantages that might accrue by careful use of those data

An important factor to notice in the following is the degree of overlap among
variables of different areas of concern.

The Natural Environment

Knowledge of the natural environmental state of the land is central to a
determination of what should be preserved, what should be enhanced, what
activities could be supported, what impacts are likely to occur from given uses,
and a host of other questions.



This change—the realization of “spaceship Earth”—has been occurring since
the 1960s and has had many profound and far-reaching effects. As a partial
result, many of the first attempts to use spatial information systems to support
decision making have had the storage of natural science information as their
basis.

Storage of geographic (and other) data about the following:

Climate
Bedrock
Surficial geology
Physiography
Hydrology
Soils
Vegetative cover
Wildlife habitats
helps us
Identify, delineate, and manage areas of environmental concern
Analyze land-carrying capacity
Write environmental impact statements

Energy

Energy potentials begin their service for humankind in many forms—oil, gas,
coal, hydraulic head, wind, tide, sun, fission, fusion—and always wind up in the
same way: heat.

The problems associated with the efficient and useful transfer of energy
potential to heat are myriad; much of the time we throw away large amounts of
energy because it does not serve a particular process—for instance, nuclear
power plants discharge vast quantities of heat into rivers to the detriment of the
fish and the loss to human beings paying for gas to heat their home. A
geographic information system is not the answer to the sensible use of energy,
but it is a tool that can help reduce energy waste. Spatially distributed data on
energy sources, energy movements, and energy use of all kinds could lead to a
greater understanding of our wastefulness and how to prevent it. These datasets
could lead to discovery of new energy sources and how to tap them And could
alert us to dangers to water supplies from methods of gas and oil extraction, such
as hydraulic fracturing of sub-surface rock, (fracking).



Storage of geographic (and other) data about the following:
Potential energy sources
Location

Size

Cost of extraction or tapping
Surrounding environment
Access

Process capability

Energy distribution systems
Location

Paths

Capacities

Intermediate storage facilities
Types of energy conveyed
Degree of hazard in extraction

Energy use patterns
Industrial

Residential
Peak usage
Distribution by user characteristics

may lead to information allowing analysis of
Costs of moving energy

Remaining available energy reserves
Efficiency of different allocation schemes
Waste

Heat pollution

may lead to information for delineating
Areas of danger to humans

Environmental impact

may lead to information for developing
New distribution lines

Resource allocation schemes



Human Resources

It is for people that we operate our governments. It is primarily people who use
the land, the energy, and the resources, and, in part, it is people who feel the
effects of its ill use.

The vast amount of data about people is not stored in spatial format for at least
two reasons:

e They move around—day to day and year to year.
e We protect their privacy to a considerable extent.

However, the storage of information about human resources and conditions in
a spatial context offers two major advantages:

e It allows us to deal in a very direct manner with our primary concern:
humankind.

e Many sets of data have been developed, largely by the Bureau of the
Census, in such a way as to permit relatively easy loading into a spatial
database, even though—for reasons of privacy and reasons related to the
mission of the census—the “grain” of such two-dimensional information
storage is very coarse for most applications.

Storage of geographic (and other) data about human beings:

Where they live

How much they consume

How much they earn

How old they are

What they discard

Where they play

What crimes they suffer

What mishaps befall them

What facilities are available for their employment, shopping, and learning
may lead to information:

To plan for

Mass transit

Recreation areas
Police unit allocation
Pupil assignment

To analyze



Migration patterns
Population growth
Crime patterns
Welfare needs

To manage
Public and government services

Sustainable lifestyles

Areas of Critical Environmental Concern

Areas of critical environmental concern are those geographic areas that are
important to the needs of humans. Not only do they perform functions related to
health, safety, and welfare of the general public, but they may also serve
economic and educational needs as well. Areas become of critical environmental
concern when natural resources become scarce or are threatened through the
actions of human beings, or when the areas themselves present a threat to the
human population.
Storage of geographic (and other) data about the following:

Agricultural lands

Natural and scenic resources

Soil

Aquifers

Geology and geologic hazards

Wildlife habitats

Vegetation

Floodplains

Wetlands

Scientific areas

Wild and scenic rivers

Cultural activities

Transportation networks

may lead to information to facilitate
Identification of unique resource
Management of designated areas



Determining relative importance of kinds of resources

Water

Water is the most important resource to the functions of natural environmental
processes and human activities. It is a dynamic resource—its movement, both as
surface water and groundwater, and in the atmosphere, creates a very broad
management problem. Through information in the spatial context we can better
analyze and manage our water resources.

Storage of geographic (and other) data about the following:
Natural bodies of water
Supplies
Flooding
Use patterns
Recreation needs
Climate
Watersheds
Elevations
Industrial locations
Settlement locations
may lead to information about
Floodplains
Availability of clean water
Irrigation
Pollution (potential and existing)

Natural Resources

Natural resources are both finite and necessary for the survival of humans and
the maintenance of quality of life. Some natural resources are renewable with
proper management, while others will simply run out. A continuing supply of
information is necessary for a proper evaluation of how we should use our
resources wisely.

Storage of geographic (and other) data about the following:

Forests



Mineral sources
Energy sources
Rivers, streams, lakes
Wildlife and fish
Agriculture
Harbors
Geology
may lead to information to facilitate
Timber management
Preservation of agricultural land
Conservation of energy resources
Wildlife management
Market analysis
Resource allocation
Resource extraction
Resource policy
Recycling
Resource utilization

Agriculture

The production of food has received increasing attention with a growing world
population and shrinking agriculturally productive lands. Demands for grain and
other crops has increased tremendously as North America has drawn closer to
the world marketplace. The need for good agricultural management becomes
more obvious as we try to meet the needs of others. Data demands will also
increase as we seek solutions to this growing problem.
Storage of geographic (and other) data about the following:

Land conversion

Soils

Geology

Crop productivity

Climate

Hydrology, water supply



Irrigation
Erosion
Crop disease, blight
Insect control
Pesticides
Fertilizers
may lead to information to facilitate
Crop management
Protection of agricultural lands
Conservation practices
Prime agricultural land policy and management
Sustainable agriculture

Crime Prevention; Law Enforcement;
Criminal Justice

The Criminal Justice System has many potential applications for geographic
data: to assist the system in predicting likely points of criminal activity and to
enable efficient allocation of resources through systematic identification of
locations warranting increased manpower, analysis, or resource allocation.
Although spatial data are routinely collected by law enforcement agencies,
frequently it is done in a nonuniform manner that lacks sufficient precision to be
tactically useful or to enable ready comparison of location information from
occurrence to occurrence.

Storage of geographic (and other) data about crime:
Where (specifically) crime occurs
Where stolen property is recovered
Where arrests are made
Where high risk businesses are located
Where arrestees live and were schooled
may lead to information to plan for
Selection of sites or premises for target-hardening attention
Procedures for establishing risk ratings for particular locations
Tactical and strategic patrol allocation



Selection of particular locations for detailed crime prevention analysis
Crime pattern recognition
Selection of areas or schools for delinquency prevention attention

Homeland Security and Civil Defense

Homeland Security and Civil Defense agencies have been established to respond
to natural or human-caused accidental disasters or those caused by war or
terrorism. As such, we need plans for both short-term and long-term aid to
communities across the nation.
Storage of geographic (and other) data about the following:
Population distribution
Sources of food
Geologic activity (earthquakes)
Transportation
Military installations
Public facilities
Medical facilities
Rescue equipment
Terrorist cells
may lead to information to facilitate
Alternative disaster relief plans
Need for stockpiling of foods and medical supplies
Evacuation plans
Proper designation of disaster relief areas

Communications

Communications represent the way in which humans stay in touch with
occurrences around them and through which they transmit information. The
physical requirements of communication systems have considerable impact on
the natural environment. In order to maintain harmony between the two,
information on geographic data must be kept before the decision makers.
Storage of geographic (and other) data related to the following:
Communication stations and antennas



Population
Terrain
Power sources
Current events
Technical information

may lead to information to facilitate
Siting of transmission lines
Location of cellular equipment
Education

Transportation

The movement of people and materials for economic, social, and recreational
reasons requires consideration of spatial data. Analysis is required on levels
ranging from small-scale local transportation to the national and global scales.
Storage of geographic (and other) data about the following:
Highways, roads, interchanges, and so on
Rapid transit
Airports
Seaports
Railroads
Origins and destinations of travelers
Population shifts
Centers of employment
Commercial traffic
may lead to information to facilitate
Alternative transportation plans
Locational analysis
Mass transit
Energy conservation

So, given the applications and benefits alluded to above, the comparison of
GIS with the elephant in Chapter 1 is not that farfetched. It is to be hoped that
decision makers are not as blind as the six who were investigating the elephant.
And that the readers of this textbook will attempt to broaden the use of GIS for



the betterment of society.

'Knowing the three sides of a triangle, you can calculate the area as the square
root of s(s-a)(s-b)(s-c), where a, b, and c are the lengths of the sides and s is
the semi-perimeter: (a+b+c)/2. I mention this because it seems now to be lost
knowledge as far as high-school geometry teaching is concerned.

It is my opinion that 30 percent of those who fund and supervise computer
programming should have to be examined, remedially trained where
necessary, and then certified. The other 70 percent should be taken out and
shot. (I’'m joking, of course—but there are major problems with the software
produced in the last decade or so.)

All Figures in this textbook are on the DVD that accompanies the book. They
are in the folder Color_Figures. The size, and in some cases, color of these
figures may provide you with additional insight.

‘The idea that data precedes information might occur in the following context
sequence: Existence, Awareness, Observation, Measurement, Data,
Information, Knowledge Understanding, Wisdom.



Chapter 2

Characteristics and Examples of Spatial Data
STEP-BY-STEP
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Exercise 2-1 (Mostly Outside) Appreciating Geographic Space and
Spatial Data For this exercise, you will need a notebook and may need a
calculator and a long tape measure. This exercise is couched in English
units (feet). Your instructor may want you to use metric units (meters),

which make a lot more sense but are not as common in the United States.
____ 1. Carefully measure the length of your stride. (A procedure that might help with this
is to take several steps across a floor with fixed-width tiles or under a ceiling with uniform
length panels.) To the nearest tenth of a foot, your stride is feet! How many of your
paces would constitute 100 feet?

2. Find an area of landscape that is a square, roughly 210 feet on each side, and walk
its perimeter, examining its interior as you go. Aside from giving you an idea of what an
acre® is, this activity will probably let you view the complexity that can be contained in a
small bit of ground—perhaps the land use, soil, rocks, pavement, vegetation, crops,
buildings, fire hydrants, parking meters, street lights, pipes, wires, and other features.

____ 3. How many acres constitute a square mile? (Use the exact definition of an acre in the
carlier footnote; the area in square feet of a square mile is 5280 times 5280.)
The land area of the United States is about 3,500,000 square miles. How many acres would
that be? . An average-sized state would be about one-fiftieth of that. You
can see that recording the data for a state for just one simple theme could use up a lot of
computer storage.

Open your Fast Facts File.

Open the Color Figures file for this chapter, so you can see the illustrations in more
detail.




Exercise 2-2 (Setup) ArcMap Toolbar Examination and Review
__ 1. Start ArcMap. Examine the Getting Started dialog depicted in
Figure 2-5. You have a choice of Existing Maps and New Maps, among
others. Under New Maps, click on My Templates. This should bring up a
Blank Map icon. Click that, then OK. (Or just click OK. Or just click
Cancel.)

FIGURE 2-5
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Default geodatabase for this map: What is this?
CAUsarsi\Michzel K\Documents\ArcGIS\Default.gdb

| pe not show this dialog in the future.

You will see an Untitled blank map that looks pretty much like Figure
2-6. Below the menus and toolbars, the map window is divided into
two panes, as you know from Chapter 1. On the left will be the Table
of Contents (T/C from now on). (If the T/C does not appear, go to
Windows on the Main menu and turn it on.) On the right will be the
area in which the map you construct will appear.

FIGURE 2-6
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Enlarge the ArcMap window so it occupies the full monitor screen.
Note the choices on the main menu bar: File, Edit, View, Bookmarks,
Insert, Selection, Geoprocessing, Customize, Windows, and Help.
Using Customize > Toolbars, turn on the following: 3-D Analyst




Draw




Editor




Layout




Spatial Analyst




Standard




Tools

____2.These toolbars will appear—either docked or free floating. For each docked toolbar,
hover the mouse cursor over the toolbar handle (four tiny dots—arranged vertically—at the left
end of each toolbar, as shown in Figure 2-7) until your cursor turns into a four-sided arrow. Drag
the elements around until they resemble Figure 2-8.
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FIGURE 2-8




Double-click in the title of the T/C which makes the window leave
its docked position and become freestanding. Maneuver it, again

looking at Figure 2-8.

When you use ArcMap to display data sets, the T/C will contain the
names of those data sets and information about symbology used to
display them.

As you saw when you selected the toolbars to turn on, ArcMap has
a lot of toolbars, which suggests a lot of capability (and
complexity). The preceding toolbars are those you will probably use
most often. I will describe each tool later as you come to it, but for
now simply record the names of the icons on the Standard toolbar
and the Tools toolbar in your Fast Facts File. To determine the
name, position the cursor over each and look at the ToolTips. (In
ArcMap version 10.0, you can look at the Status Bar for further
description; in version 10.1 the description will appear in the
ToolTip.) As you write the toolbar name and look at the description,
think about what operation would occur when the icon is clicked.

Write the names of the icons of the Standard toolbar in your Fast
Facts File.
Done? () Yes. () No



Write the names of the icons of the Tools toolbar in your Fast Facts
File.
Done? () Yes. () No.

__ 3. Dismiss the 3D Analyst, Spatial Analyst, Editor, Draw, and Layout
toolbars. Double-click the title bars of the remaining toolbars (Standard and
Tools) to restore them to their original positions. If the result doesn’t look
like Figure 2-6, drag the toolbars around by their handles until it does. Click
on the T/C title bar and start to drag the window back to its original location.
Notice that multiple blue arrows appear, which provide options for dock
locations. Experiment with docking the T/C in various locations (move the
cursor over a blue arrow) When through demonstrating this docking
procedure to yourself, pick the arrow that is the furthest to the left to return
the T/C to its original location. Dismiss ArcMap.

Exercise 2-3 (Major Project) Exploring Different Types of
Geographic Data The Basic Difference between ArcCatalog and
ArcMap The most general statement that can be made about ArcCatalog
and ArcMap is this: ArcCatalog deals with the exploration, examination,
and finding of geographic data sets; ArcMap uses those data sets to form
layers that display maps and allows analysis of the underlying spatial
data.
Exploring Data from the NAVSTAR Global Positioning
System (GPS) A GPS receiver, using the U.S. Department of
Defense NAVSTAR system of about 30 satellites, collects
positional information—in the form of latitude, longitude,
altitude, and time fixes—and stores these coordinates in its
memory. Computer files of these points can then be made
into Esri data sets.

In November of 1994, students and faculty of the Department of Geography at the University
of Kentucky participated in a cleanup of the Kentucky River. They took a GPS receiver on
their trek; the antenna was mounted on the roof of a garbage scow (originally built as a
houseboat).

One file the students collected, along the river from a marina to an “island” in the river, was
C111315A.SSF (designating the 11th month, 13th day, 15th hour). Using post-processed
differential correction, the files were adjusted to yield greater accuracy. The file was then
converted to an Esri shapefile and renamed Boat_SP83.shp. The file is called Boat_SP83,
since the dataset was projected to State Plane (Kentucky North Zone [1601] coordinates,
using the North American Datum of 1983 (NAD83 datum).



Preliminaries

1. Start ArcCatalog. Use Connect To Folder to place
the [ JIGIS-Arc\River

folder in the Catalog Tree. Launch ArcMap from
ArcCatalog. You want a Blank Map.

“Extensions” are additional software packages that extend the
capabilities of the main software. If you have the authorization to
use an extension, then it was probably loaded on the hard disk with
the rest of the ArcGIS Desktop software.

2. Make the ArcMap window occupy the full extent of the screen.
Enable the 3D Analyst and Spatial Analyst extension with Customize >
Extensions.? See Figure 2-9. Close the Extensions window.

FIGURE 2-9
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[ JIGIS-Arc\River

Make sure that the List By Drawing Order button (rather than List
By Sources, List By Visibility, or List By Selection buttons) is
active at the top of the T/C pane.

Seeing the GPS File in ArcMap A GPS file is
basically a file of individual three-dimensional
spatial points, or fixes. The fundamental form
of each point is a latitude value, a longitude
value, and an altitude value. When this file was
converted to a point shapefile, the latitudes and
longitudes were converted to Cartesian
northings and eastings. Each altitude became
represented as an attribute value associated

with the appropriate point.

___ 3. Add the layer Boat_SP83.shp:® To add the file, select File > Add
Data > Add Data. In the Add Data window, find the Contents View Type
dropdown button. Select Details. Repeatedly press the Up One Level button
until it is no longer active. Activate the dropdown menu for the Look in
field. Highlight Folder Connections and click. Navigate to the River folder
you connected to earlier and pounce. Find and highlight Boat_SP83.shp.
The results will look something like Figure 2-10. Press the Add button.
(Ignore any warnings.) In the left-hand pane (the T/C, as you saw
previously), you will see the Boat_SP83 entry. In the right-hand pane, which
is formally called a data frame, you should see a GPS track composed of a
plotting symbol that looks like a diamond or a dot. The track resembles a
fishhook. Compare with Figure 2-11.

FIGURE 2-10
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__ 4. Make the color of the plotting symbol bright red: The plotting
symbol color has been chosen randomly by the software, but you can change
it. To do so, right-click the symbol itself in the T/C to bring up a window-
ette containing a hundred or so colors. If you pause the cursor over a color,



its name is revealed as a ToolTip. You might use Mars Red here—click it.
The process for changing the color of a plotting symbol is something you
might want to record as a Fast Fact. Find a tiny text box next to the plotting
symbol and click it (or click just to the right of it). Type “GPS point” (just to
identify it for yourself in the future) and press Enter.

___ 5. Set the map units and display units: If you move the cursor around
the map, you will see numbers appear in the Status bar at the bottom of the
screen. These are display units and are presently shown as Feet. Right-click
the data frame to bring up a menu. Click Data Frame Properties to see the
Data Frame Properties window. Click the General tab. In the Units area, you
will see Feet in the Map text box. The box is grayed out, so you can’t change
it. The reason is that the data set has its projection defined already
(Kentucky North Zone [1601]), which has survey feet as its unit of
measurement.

__ 6. Notice that you can change the display units in Data Frame
Properties. They are set as feet, by default—the same as the map units. Place
the cursor in the Display text box, click, and press Shift-F1. If things are set
up properly, the software cooperates, and you are lucky, context-sensitive
help will appear; read the information, then click elsewhere in the window to
dismiss it. From the Display dropdown menu select Miles for the Display
text box. See Figure 2-12. Click Apply. Click OK. You may note, as you
slide the cursor around the map, that now the status bar shows the display
units to be Miles. These are the number of miles, in the X and Y directions,
respectively, from the origin of the coordinate system.

FIGURE 2-12




Data Frame Properties - ol . l@ %

| Feature Cache I Annotation Groups I Bdent Indicators I Frame I Size and Position

General | Data Frame I Coordinate System I llumnination I Grids
MName: Layers
Description:
-
Credits:
Units
Map: Feet
Display: | Miles -

Tip:  See Customize > ArcMap Options = Data View tab for
additional options for displaying coordinates in the status
bar

Reference Scale: <Mane -
Rotation: a
Label Engine: ESRI Standard Label Engine -

Simulate layer transparency in legends

[ ok || Cancel || Apply |

L.

__ 7. Understanding the difference between map units and display
units: It used to be the case that you could get a GIS glossary by clicking the
data frame, pressing F1 > Contents tab > GIS Glossary. Unfortunately, this
seems to have disappeared from later versions of the software. You might try
the procedure to see if the glossary has been restored. You will get the ARC
GIS Help Library, which is sometimes helpful and sometime not. A better
bet in this case is to use a search engine with the keywords “esri” and
“dictionary”. Look up display units there. You might want to highlight the
definition (drag the cursor across it), copy it (Ctrl-C) to the clipboard, and
paste it (Ctrl-V) into your Fast Facts File. Now look up Map Units. You
need to know the difference between map units and display units. Dismiss
whatever windows you had open in the search for the definitions.



__ 8. Change the Display Units to UTM. As you move the cursor around
the map you are told that the GPS track is almost 4.2 million meters from
the equator. (The other number — the easting coordinate — requires more
explanation, which will come later.) Being able to identify a point in
Universal Transverse Mercator coordinates can be very handy at times.
Change the Display units back to Feet. As you now move the cursor around
the data frame, you can see the coordinates of the tip of the cursor. Notice
that the “easting” (leftmost number, the x-coordinate) increases as you move
the cursor directly to the right. The “northing” number (y-coordinate)
increases as you move the cursor directly up. What are the approximate
coordinates (just to the nearest foot) of the eastmost GPS fix? Easting
(shown first) feet. Northing
feet.

9. Bring up the attribute table of Boat_SP83.shp: Right-click the text
Boat_SP83 and pick Open Attribute Table from the dropdown menu. Note
that there are 83 records in the table, numbered with feature identifiers
(FIDs) of 0 through 82, as you can tell by scrolling from top to bottom. See
Figure 2-13. You should see columns containing the local time each fix was
recorded and its height above mean sea level in feet. By scrolling (vertically)
through the records in the table, you can note the beginning and ending time
for the data collection run. How many minutes elapsed between the start and
end time of data collection? minutes.

FIGURE 2-13
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Right-click the gray box at the left end of Record 0. Click Identify on the
dropdown menu. The resulting Identify window is a quick way to see all
the values of a record.

What is the GPS height shown in this record?
In the same way, identify the last record in the table.
What is the GPS Height shown in this record?

Dismiss the Identify Results window.

Note the wide variation of altitudes; since the river is usually very

placid and almost level, this gives you an idea of what you can
expect in the way of vertical accuracy for individual GPS fixes—
even those that have been adjusted through a process called

differential correction. On the other hand, this data set was created a

long time ago—things have improved considerably, with the

addition of more and better satellites, and more advanced receivers,



but GPS vertical measurements will always be worse than
horizontal ones.

10. Note the icons across the top of the table. Referring to ToolTips,
type the names of the these icons in your Fast Facts File.
Done? () Yes. () No.

__ 11. If any records have been selected, click the Clear Selected Features
button on the Tools toolbar. (Alternatively, you can select the Table Options
dropdown button and pick Clear Selection.) Engage the capabilities that let
you obtain statistics and see a graph (the same capabilities that you used in
ArcCatalog) to determine the average elevation (to the nearest foot).
feet. Look at the graph to see where most elevation values
are clustered. Dismiss the Statistics of Boat SP83 window. What is the
difference between the highest elevation recorded and the second highest?
feet (Hint: use sort). Dismiss the attribute table for Boat_SP83.

Looking at the GPS Track in the Context of
a Variety of GIS Data A GPS receiver gives
position, not location, information. To
recognize a location, you need contextual
information. You have available, on the DVD,
part of which you copied to your personal
folder, several digital maps and images of a
portion of the Kentucky River plus a couple of
vector datasets of a few arcs from two USGS
quadrangle maps. The county to the north of
the river is Fayette; that to the south is
Madison. Of the two USGS 7.5-minute
quadrangles that cover the area, the
westernmost is COLETOWN; the other is




FORD.

A Potpourri of Types of Geographic Data
The data exist in two folders:
| [IGIS-Arc\River

JIGIS-Arc\Kentucky_wide_data

You will explore a dozen or so data sets.! Look over the following.
The terminology won’t mean much to you at this point, but as you
add these data sets to the map you can refer back to this list for
more detailed information.

e A personal geodatabase (PGDB) named Kentucky_River_Area_Data
containing two PGDB feature datasets: Quadrangle_Data and
Country_Streams, described here:

e Quadrangle_Data contains three vector-based PGDB feature classes:

e The soil types in the part of Fayette County that is covered by the
Coletown quadrangle: cole_soil_polygon.

¢ Geologic (surface rock) data in the Coletown triangle:
cole_rock_polygon.

e A vector (line) PGDB feature class of the elevation contour lines for
the COLE quadrangle: cole_contours_line.

e County_Streams contains two vector (line) PGDB feature classes that
have been derived from TIGER/Line files:

e The streams of Fayette County, Kentucky: Fay_Tiger.
e The streams of Madison County, Kentucky: Mad_Tiger.

e A line shapefile containing a few features digitized from the Coletown,
Kentucky Triangle: cole_vctr.shp.

e A line coverage containing a few features digitized from the Ford, Kentucky
quadrangle: FORD_VCTR.

e A coverage with both arc attribute table (AAT) and a polygon attribute table
(PAT), showing the Kentucky counties and county boundaries—that is, both
the areas of the counties (polygons) and the lines that separate them (arcs)
are depicted: CNTY_BND_SPN.



o A digital raster graphics file scanned from the USGS Coletown topographic
quadrangle: COLE_DRG.TIF.

¢ A small orthophoto image: COLE_DOQ.TTF.

¢ A personal geodatabase named Lexington that contains a single,
freestanding PGDB feature class:

e A set of line with labels showing Lexington-area vehicle transportation
system, derived from the 2002 TIGER/Line files for Fayette County: Roads.

e A digital elevation model (DEM) in the form of an ArcInfo raster consisting
of square pillars or posts of elevation that are approximately 30 meters on a
side: COLE_DEM.

e A triangulated irregular network (TIN) showing elevations derived from the
DEM, in the form of an ArcInfo TIN: COLE_TIN.

¢ A raster showing Fayette County land landcover: fyttelcO6alii.

¢ A raster showing Kentucky land landcover: MSU_SPNorth.

e A File Geodatabase: Terrain_from_LIDAR.gdb.

e \KY_ SP North NAD83\River Bend and Water Plant Terrain.

In the steps that follow, you will add these feature-based, grid-
based, image-based, and TIN-based layers to the map.” The
photograph in Figure 2-14 is a newspaper photo of a part of the area
that you will be looking at.

FIGURE 2-14 Courtesy of the Lexington Herald-Leader, Lexington,
Kentucky




__12. Enlarge the map window a bit so that it occupies almost the entire
ArcGIS window, which should itself be set to occupy the full monitor
screen. If you are really short on screen space, making the T/C auto-hide
will increase the real estate of the map window. Under Customize >
Extensions, make sure 3-D Analyst and Spatial Analyst have checks beside
them.

Displaying Layers from Vector-Based
Datasets The coverage FORD_VCTR and the
shapefile cole_vctr.shp* contain a few arcs
digitized from the USGS 7.5-minute
topographic quadrangles Ford and Coletown.
In particular, the arcs trace the banks of the
Kentucky River and some highways and
Interstates from the quad sheets. The datasets
have been converted to Kentucky State Plane
coordinates (survey feet) in the NAD 1983
datum.

Since we will be adding several layers to the data frame, you should
be aware of the different ways to accomplish this. As a reminder,
first, you know of the File > Add Data sequence. Also, there is an
Add Data button on the standard toolbar. Also, if you right-click on
the word Layers, you can select Add Data. In each of the preceding
cases, an Add Data window appears. The most efficient way to add
data is by dragging the feature class from the partial ArcCatalog
window that shows up (without its Preview section taking up screen
space) when you click the Catalog icon on the ArcMap Standard
toolbar. Note these four ways in your Fast Facts File.

Done? () Yes. ( ) No.



13. Use Connect to Folder to place the [ JIGIS-Arc\River
folder in the Catalog Tree. Add the cole_vctr.shp shapefile from

[ JIGIS-Arc\River. Lines appear in the data frame, some of
which outline the river and are parallel to the set of points of
Boat_SP83 (which will also be referred to as the GPS track). Also, a
small island is depicted.

To the left of the window you may see either the T/C or the Catalog
—one obscuring the other. Click the tabs at the bottom of the pane
to select the one you want to view at the moment. If you want to see
them both at the same time you can separate them by dragging the
tab of either one of them away from the other. To restore the view
where one overlays the other, double-click the title bar of the one
you moved, or slide its title bar back over the other.

__ 14. Add the arc component of the vector coverage FORD_VCTR
from [___JIGIS-Arc\River: To add the arc component of the coverage, bring
up the Add Data window, find the coverage name (FORD_VCTR), double-
click the name, click “arc”, then click Add.

You should see the GPS track, a few arcs from the Coletown
topographic quadrangle (topo sheet) depicting the river’s banks, and
a few arcs from the Ford topo sheet.z Both (the coverage and the
shapefile) are vector datasets, but they have different structures in
the memory of the computer and on the disk drives, as you will see
in Chapter 4. The starting point of the trip is in the southeast; at the
other end of the track, you can see the polygon outlining a tiny
island.

__15. Make the FORD_VCTR coverage line symbol a green line of
width 2 points:*® Earlier you changed just the color of the symbol, using a
right-click on the symbol itself. Since you now want to change the color and
size, you have to open the symbol selector window, which gives you a great
deal of control over how features are displayed. Click (left-click, that is) on
the line symbol that is under the text name “ford_vctr arc” to bring up the
window. All you need to do here is to enter a 2 in the Width box (by clicking
or typing) and select a color (say, Medium Apple) by clicking the little Color
patch dropdown menu to bring up a pallet of colors. While you are looking



at the Symbol Selector window, check out the possibilities for line symbols:
everything from highways to abandoned railways to aqueducts. Not only is
there the set of symbols you see in the window, but if you can’t find exactly
what you are looking for you can search for more or load more Style
References (from the “Style References...” button). In addition, if you want,
you can edit symbols with the Edit Symbols button. The possibilities are
limitless. Now back to the main issue at hand: Click OK. Observe.

16. Now change the symbology of the cole_vctr shapefile. Make the
line symbol some bright red color, width 2.

17. Layers may be displayed or not (turned on or off) by clicking the
box next to the layer name. Experiment by turning the three layers off and
on; leave them all on when you are done.

____18. Make a group layer: Be sure the List By Drawing Order* button at
the top of the T/C is pressed. Click any of the three feature class names in
the T/C. Then, with the Ctrl key held down, click each of the other two layer
names to highlight them. Then, right-click any one of them and click Group
from the resulting menu. All three are now subsumed under the name New
Group Layer. In a group layer, the entire set of layers may be turned off all
at once. If the group is turned on, whether a particular layer is displayed
depends on whether its box is checked or not. In other words, you can turn
these layers on and off together, or you can turn individual layers on and off.
Again, experiment, leaving everything on at the end.

__19. Change the name of the group layer: Right-click the text New
Group Layer. Select Properties > General. In the Layer Name text box,
replace, by typing, New Group Layer with GPS_and_Vectors. Click Apply,
and note that the name has changed in the T/C. Click OK. Write in your Fast
Facts File how to change the name of a group layer. This name-changing
technique also works for a plain layer, though it’s usually a good idea to
keep the names of layers the same, or close to the same, as the names of the
data files that created them.

__20. Experiment with collapsing and expanding the entries in the T/C
by clicking all the boxes containing minus (—) and plus (+). You can reduce
the T/C here to a single entry (Layers). Alternately, you can see each
constituent layer, and each of those with or without its legend. At the end,
expand everything.

21. Zoom to the full extent of all data: Find the Full Extent button on



the Tools toolbar. Examine the map. Those lines that don’t represent
riverbanks represent highways in the general vicinity.

22. Zoom back to the GPS layer: Right-click Boat_SP83, then click
Zoom To Layer.

Housekeeping: Saving and Restoring a Map
As you work it is a good idea to save your
work. While you could easily reconstruct what
you have done so far, you have some time
invested that you would rather not lose.

__23. On the File menu, find and click Save. A Save As window appears.
Navigate to the __ IGIS-Arc_Yourlnitials folder so that it appears in the
Save In box. For a filename, which currently reads Untitled.mxd, use
River_Map. The Save As Type field should read ArcMap Document. The
file extension MXD designates the file as an ArcGIS Map document. See
Figure 2-15. Click Save. Note that the title bar of the ArcMap window has
changed to River_Map and that the ArcMap button on the Windows taskbar
also reflects that change when you mouse over it.

FIGURE 2-15
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__ 24, Dismiss ArcMap. Using the Windows operating system, look at the
contents of the folder _ IGIS-Arc_Yourlnitials. Notice it contains the file
River_Map.mxd.2 How large, in kilobytes, is the file? KB.
Pounce on River_Map.mxd. ArcMap will restart and load the map you just
saved.

It is vital that you understand what an MXD file is and what it is
not. While it contains a great deal of information about how the data
it refers to is represented (symbols, colors, line widths, and so on),
the MXD file does not itself contain data. The MXD file contains
pointers to the data—that is, the map file tells ArcMap the names
of the folders where the datasets are located. You could not, for
example, send only an MXD file to a colleague and expect her or
him to be able to see the map with only ArcGIS desktop. You would
also have to send any relevant geodatabases, shapefiles, and
coverages. (You could, however, send a Layer Package—to be
discussed later.) Selecting: Both Map Data and Attribute Data In
a geographic dataset file (cole_vctr.shp, for example), each feature



in the map corresponds to a row in the attribute database. Here the
features (lines) have lengths, in the unit of measurements of the
shapefile (feet). Also, in this case, a description has been added to
each line.
__25. Look at Figure 2-16 as you work this step. Make sure you are
zoomed to the extent of the GPS layer (Boat_SP83). Open the attribute table
of cole_vctr. Find the WHAT column. Find the attribute value Island. At the
left end of that record you will see a gray box; click inside the box. The
record becomes selected—shown by the fact that it is highlighted. At the
same time, the line that delineates the small island at the end of the GPS
track will also become selected—again shown by the fact that it is
highlighted. Again, see Figure 2-16.
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Whenever a record in a layer’s attribute table is selected, the

corresponding feature in the data frame will be selected. If the layer

is being displayed, the feature will be highlighted.




___26. Click the box of the record that has the WHAT attribute value of
Right Bank. Notice that a line bounding the river is highlighted. Hold down
the Ctrl key and click the box related to Left Bank. Now both records are
highlighted, as are both bounding lines. At the bottom of the table, press the
Show Selected Records (a graphic with only blue lines in it) button. The two
records highlighted in cyan will appear at the top of the table by themselves.
A new group of buttons appears at the top of the table, but they’re grayed
out. Now click the gray box to the left of the Right Bank record. The record
turns yellow (indicating a selection within a selection), as does the
associated line. The new buttons are now available, so check out their
ToolTips. The lesson: If only selected records are shown, you can highlight
records and features within selected records and features, using a different
color. Show all records. Find the Table Options button at the top of the table.
With the Table Options button, press Clear Selection.

__27. Zoom to the extent of the cole_vctr layer. Again select the records
representing the banks of the river. Click the Table Options button. Choose
Switch Selection. Now the records and lines (of cole_vctr) that were
selected are not, and those records and lines that were not selected now are.
Now press Table Options, pick Select All, and observe the results. Find and
click the Clear Selection button at the top of the table. Zoom back to the
previous level of magnification with the Go Back to Previous Extent button
on the Tools toolbar. The GPS track should again dominate the window.
Keep the Attributes of cole_vctr table open.

The ArcMap Tools toolbar contains some additional buttons not
found on the ArcCatalog Tools toolbar. One of these is a Select
Features button that lets you graphically select features or areas on a
map.
__28. On the Tools toolbar, find and press the Select Features icon. The
ToolTip will explain what it does and give some hints for use. Next to the
Select Features icon is a dropdown menu arrow. Click it and note the
possible ways you can select features. Write the names of the icons of the

Standard toolbar in your Fast Facts File.
Done? () Yes. ( ) No.
Experiment with the various Select Features options to understand how

they work on the GPS and Vectors layer. Note that each option has a
different cursor.



__29. Make sure Select Feature by Rectangle is active. If any selections
remain from your experimentation has selected anything, use the Clear
Selected Features button on the Tools toolbar. Use the cursor to point at the
line that delineates the island and click. The line again becomes highlighted
as does its associated record.

So here is the main message: You can select either records or
features, and the selection is carried through to the associated
features or records.
__ 30. Hold down the Shift key and click again on the line of the island.
Note that it becomes unselected. Select it again. Now hold down the Shift
key and click one of the other red arcs; it is now selected as well.
Select a third red line. (The strange fact that you hold down Ctrl to select
multiple records in a table but use the Shift key to graphically select
multiple features on a map is something that you might want to write
down in your Fast Facts File.)” To clear all selections: click the Clear
Selection button at the top of the attribute table window. What are other
ways to clear selections?

31. Drag a small box across the river just north of the island. Notice
that all points and lines that have any part within the box are selected. This
is one case of Select by Location; there are many more. Clear all selections
—this time by clicking the Clear Selected Features on the Tools toolbar, not
the table.

The Interactive Selection Method in the Selection menu allows you

to set up the operation of the Select Features tool.
Zoom to the extent of cole_vctr by using the Go To Next Extent button in
the Tools toolbar (which points to the right and is next to the leftwards
pointing Go To Previous Extent button). In the attribute table, select the
Island, Left Bank, and Right Bank records. Now click Selection (on the
main menu) > Interactive Selection Method. What are the interactive
selection methods? See Figure 2-17. Write them in your Fast Facts File.

FIGURE 2-17
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Done? () Yes. ( ) No.

Experiment with adding and removing graphic features with the
Interactive Selection Method. Finish by choosing Create New
Selection. Clear all selections. Close the attributes table of
cole_vctr. Zoom to the GPS track.

Using the Measure Tool and the Identify
Tool Also available from the ArcMap toolbar
is the capability for measuring distances (using
an icon that looks like a ruler), according to

how you have set some display parameters.

__ 32. Measure the length (the distance along the GPS track) of the trip
using Measure from the Tools toolbar: Activate the measure tool by
pressing the ruler icon; a Measure window appears. Read the contents. Pause
the cursor over each of the buttons in the window and write the ToolTip in
your Fast Facts File.



Done? () Yes. ( ) No.

____33. Use the button that indicates Choose Units and set the Distance
units to Feet. Move the Measure window out of the way of the GPS track if
necessary. Using the plus (+) sign as the reference point of the cursor, click
on the easternmost point of the GPS track, move the cursor, and observe the
Measure window contents. Then, trace the GPS track, clicking at points
along the route of the trip, using points closer together when the route bends
so that you can more nearly estimate the true length of the trip. At the last
point double-click (or just keep the cursor on the point and press the Esc
key) to get the trip Length total, which, to the nearest tenth of a foot, is
feet. Close the Measure window.

__ 34. Click the Identify icon on the Tools toolbar. Press F1 on the
keyboard to look for the help file for the Identify tool. (You may find it and
you may not, depending on how your ArcGIS has been set up. In any event
you know how to get help through other means.) Observe it, then dismiss it
—mnoting that F1 is sometimes a good way to get help for a tool. Click
somewhere on the map where no features exist. Set the layer in the
dropdown menu “Identify from” as Boat_SP83.

35. Using the Identify tool, look at the beginning and ending times of
the trip and determine the average speed of the boat in feet per minute.

What is the average rate in miles” per hour? Dismiss the

Identify Results window.
__ 36. Change the viewing area and measure some other distances:
Zoom in on the lines around the island. What is the length of the island
( feet), and the greatest width of the river, including the island,
near the island? ( feet). Dismiss the measurement window.
__37. Zoom back to the previous extent by pressing the left-arrow icon
on the Tools toolbar. (If things don’t look right, zoom to the extent of the
GPS track.)

County Boundaries and Polygons

38. Click the Add Data button on the
Standard toolbar. In the Add Data window,



find (yet another instance of) the Connect To
Folder icon and press it. Use the Connect To
Folder window to select the [ JIGIS-
Arc\Kentucky_wide_data folder.

See Figure 2-18. Click OK. This action will
add the folder to the Catalog Tree.

FIGURE 2-18
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__39. Load as a layer the arc component of the CNTY_BND_SPN coverage
from [ JIGIS-Arc\Kentucky_wide_data\K'Y_county_boundaries.
Make its symbol a black line of width 2. How would you describe the
boundary between Fayette and Madison counties with the course of the
Kentucky River.
__40. Load as a layer the polygon component of the CNTY BND_SPN
coverage from [__]IGIS-Arc\Kentucky_wide_data\K'Y_county_boundaries.




By right-clicking the color patch of the layer, make its color Yucca Yellow.
The yellow areas of the screen now consist of polygons that represent
counties. Use the Identify tool to determine the name of the Area
Development District (ADDNAME) that Fayette County is in. (If this doesn’t
work at first, you probably didn’t change the layer that the Identify tool looks

at to cnty_bnd_spn polygon. Try again.) What
State Plane (SP_ZONE) zone is it in? What is the name of
the county that you see to the east of Fayette? . Dismiss the

Identify Results window.

__41. Zoom to the full extent of the CNTY_BND_SPN polygon coverage to
see all the Kentucky counties. Open the attribute table, sort by NAME, find
Fayette County, and select the record. By how much did Fayette County’s
population grow from 1970 to 19907? . Note that a highlight
outlines the county on the map. Use the Identify tool to point at the highlighted
county. As you noted before, there is exact correspondence between the items in
the Identify Results window and the attribute table column heading names.
Dismiss the Identify Results window and the table.

__42. Figure out how to remove the polygon layer from the T/C and do so.
Then put it back. ArcGIS may have picked a different color when the layer is
returned. Click the color patch and pick Beige. Zoom back to the GPS track.
Right-click cnty_bnd_spn polygon in the T/C and pick Label Features from the
dropdown menu. Labels from the NAME field of the attribute database should
appear: FAYETTE, MADISON, and CLARK.

TIGER/Line Files TIGER/Line files are a
product of the U.S. Bureau of the Census.
TIGER stands for Topologically Integrated
Geographic Encoding and Referencing. (You
really should write this identifier in your Fast
Facts File, unless your memory is better than
mine. I can barely parse it, much less
remember it. You have to wonder which came



first, the name or the acronym.*) TIGER/Line
files primarily contain data related to streets—
name, street numbers, census tracks, zip codes,
county and state codes, and the geographic
coordinates of these features. They were
designed as the framework on which to hang
the census data, and for the use of census
takers. A bit later in this chapter, you will look
briefly at TIGER/Line files that represent
streets, roads, and highways.

But TIGER/Line files also include other types of data that can be
represented in linear form, such as political boundaries, railroads,
and streams. Fay_Tiger and Mad_Tiger are feature classes in the
feature dataset County_streams, in the personal geodatabase
Kentucky_River_Area_Data, in the folder [___ JIGIS-Arc\River.

The Fay_Tiger and Mad_Tiger datasets are not TIGER/Line files,
per se, but were derived from them.
__43.Inthe T/C, click Layers to select it. Be sure that you are zoomed to
the GPS layer and that List By Drawing Order is active at the top of the T/C.
Click Add Data and navigate to [___JIGIS-Arc\River. Pounce on it. Pounce
on Kentucky_River_Area_Data.mdb. Pounce on County_Streams. Select
Fay_Tiger and click Add. Display the line as a bright blue color and a size of
2. Pan (using the “hand” icon on the Tools toolbar) so that you can clearly
see the two streams that come into the Kentucky River along the GPS track.
What are their names? ;
. Notice also, using the Identify tool
and the feature’s line color, that the Fayette county side of the river is
considered a Fayette county stream. Zoom back to the GPS track.

44. A portion of the dividing line between Clark county and Fayette




county (move the map around to see it) is visible in the northeast of the map.
Zoom in on it. The line of demarcation between the two counties is given by
two different datasets: the county boundaries (cnty_bnd_spn) and the
streams (Fay_Tiger), which you will see as separate lines that cross and
recross several times. Zoom in again, looking at the place where the two
lines seem most divergent. Use the Identify tool to verify the name of the
stream: Boone (as in Daniel) Creek. The legal description of the line that
separates the two counties is the centerline of that creek. But as you can see,
the geographic description of the dividing line is depicted in two different
ways that do not exactly agree. Measure the greatest distance between the
two lines. feet. Dismiss the Identify and Measure windows.

The lack of complete agreement between two geographic datasets
can pose annoying problems for those trying to do spatial analysis.
There exist several ways of coping with this problem—either by
eliminating the slivers that are formed between the lines or by using
the topological features that come with geodatabases. For now just
be aware that data from different sources, which each attempt to
represent the “real world,” will frequently disagree at some level.
This sort of data error something to remember when you begin
working independently with your own data.

You can see why the quality of GIS datasets must be matched to the
needs of the user. These county boundaries might be fine for those
delineating watersheds. But surveyors would roll their eyes at
discrepancies of 50 feet. They work with accuracy of inches, and
very few of those. Land ownership must be precisely defined. Local
wars have been declared over distances of less than a foot.
__ 45, Change the cursor to Select Elements. Zoom back to the
Boat_SP83 layer. Add Mad_Tiger to the map, in the same fashion as
Fay_Tiger, but use a pale blue color of width 3 points. Make a group layer of
the two TIGER files. (How? Check your Fast Facts File.) Click in a blank
area of the T/C, and this time change the New Group Layer name by
clicking it and waiting a second or two, and clicking again. You can then
edit the field. Type the new name (call it TIGER_Streams) and press Enter.
To get an idea of the extent of the streams, zoom to the extent of the group
layer. Then return to the GPS track.



The Table of Contents: Display vs. Source
vs. Selection So far we have looked at
shapefiles, coverages, and vector-based
personal and file geodatabases. You will learn
the distinctions between them in detail in
Chapter 4. The geodatabase will be the data
model of choice as this century progresses, but
all three are important, mostly because, as you
use ArcGIS in your work or other classes, you
may find (and be asked to use) extensive
datasets in all three forms. The coverage has
been around for decades, the shapefiles for
years. The geodatabase, particularly the file
geodatabase, is the database of choice for now
and the future. One of the major differences
between the types is the way in which they are
stored on the hard disks of computers. If you
look at the T/C of ArcMap, with the List By
Drawing Order button active, the different
types are pretty much represented in the same
way. If you look at the T/C with the List By
Source button active, there are some obvious



differences.

_____46. Toggle back and forth between Source and Drawing Order, using
the buttons at the top of the T/C. Turn off Autohiding if it is on and widen
the T/C pane horizontally by dragging its right edge so you can see all the
text. See Figure 2-19. When List By Source is pressed, the most obvious
difference is that you not only see each dataset that contains each layer but
also the path all the way to the hard disk. Layers are grouped by their type
(shapefile, coverage, or geodatabase) and by their hard drive location. Note,
for instance, that while FORD_VCTR arc and cole_vctr are both located in
the same place on the [___] path and were made into a group layer, they
show up in different places on the List By Source T/C, because one is a
shapefile and the other is a coverage. Neither of the group layer names
(TIGER_Streams or GPS_and_Vectors) is anywhere to be found, since you
are now looking at underlying datasets.
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The List By Selection button of the T/C lets you determine which
layers are “selectable” and which cannot have features selected
from them by clicking on them. The T/C also reports on which
layers actually have selections made from them.

47. Press the List By Selection button at the top of the T/C window.
Use the Select Features tool and, while holding down the Shift key, select in



the map window each of the three counties visible in the CNTY_BND_SPN
polygon and note the results. The window divides into two sections: selected
layers and selectable layers. Experiment by selecting and deselecting other
features, such as several of the points along the GPS track, and a stream or
two, noting the change in the T/C. You can make layers un-selectable (that
is, features cannot be selected) by clicking an icon to the right of the layer
name. Using ToolTips determine the name of that icon.
Make CNTY_BND_SPN polygon un-
selectable, observe the change in the T/C, and then attempt to select a county
polygon with the Select Features tool. As you would expect, nothing
happens. Click the toggle icon (for CNTY_BND_SPN) again to move the
layer back to the Selectable area. In summary, the T/C can show you layers
(feature classes) that are:

e Selected (containing selected feature elements)
e Selectable (but not containing feature elements)
e Not Selectable®

Press List By Drawing Order icon at the top of the T/C.
__ 48. Using Save As on the File menu, save the map as
River_Map_2.mxd in your Yourinitials folder, where you originally stored
River_Map.mxd. Close ArcMap.

Exercise 2-4 (Major Project) A Look at Raster Data Here’s a
dichotomy: Be aware of the difference between (1) opening a map and
(2) adding data to a map. To open a map, you use File > Open to get to an
Open window, which then allows you to browse for an MXD file. On the
other hand, if a map is already open, you use Add Data (which you can

get to a variety of ways) to put an additional dataset on the map.

___ 1. Start ArcMap. If you have not done anything else in ArcMap since completing
Exercise 2-3, River_Map_2.mxd should conveniently available for selection in the Existing
Map section of the Getting Started window. Highlight it and click Open. (If
River_Map_2.mxd is not available, be sure Existing Maps > Recent is selected on the left
hand side of the Getting started window. If River_Map_2.mxd still isn’t available, select
Existing Maps > Browse for more and navigate to the location of River_Map_2.mxd. Click
Open.)*

Digital Raster Graphics and Cell-Based Files Shapefiles,
coverages, and geodatasets are all capable of storing points,
lines, and polygons. These three are illustrative of the data
model we have called “vector.” Now we turn to a completely



different method of representing geographic data: “raster.”

Digital raster graphics (DRG) files are images (photographs, pictures) of the 7.5-minute
topographic quadrangles (topo maps) produced by the United States Geological Survey
(USGS). They have been scanned into a graphic image format (TIFF—Tagged Image File
Format) and provided with information that fixes them in geographical space, making them
GeoTIFFs.
_____ 2. Display a layer based on the digital raster graphic (DRG) image of the Coletown
quadrangle: Set the T/C to List By Drawing Order. Remove the layer CNTY_BND_SPN
polygon. Zoom to the GPS track. In the T/C, right-click Layers. Add COLE_DRG.TIF from
[ JIGIS-Arc\River.
(If asked, do not build pyramids but read the explanation.) Zoom the view to the full
extent of the DRG to see what a USGS DRG image looks like. A part of the city of
Lexington is in the northwest corner; the river datasets of interest are in the southeast.
Zoom back to the area of the GPS track and notice that only part of the GPS track is in
the area covered by the Coletown quadrangle. (See Figure 2-20.)

FIGURE 2-20
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When (and only when) List By Drawing Order is selected, you may rearrange the order
in which entries appear in the T/C. This is important because the T/C order determines
the order in which the layers are drawn on the computer monitor. To change the order,
you simply drag a layer’s name to where you want it to be in the T/C. In general, you
should put point-based layers at the top of the T/C; line-based layers below them; and
polygon, image-based, or grid-based layers at the bottom. ArcMap generally attends to
this on its own, but sometimes you have to help out.

_____ 3. Experiment with the drawing order: The title COLE_DRG.TIF probably appeared at the
bottom of the T/C. Drag it to the top. Notice that it blocks out the display of all the other layers in
its vicinity. Drag COLE_DRG.TIF back to the bottom of the T/C and zoom back to the GPS
track, if you strayed from it.

4. By panning and zooming, look at the part of the DRG between the island and the southern



border. Observe the contour lines. Obviously the elevation changes sharply, since the contour
lines are close together. Read the map to verify the river name and the names of the counties on
each side. Zoom back.

Zoom in on the bend in the river—the most northwest quarter circle of it. What is the

NORMAL POOL ELEVATION “printed” on the COLE_DRG.TIF? CIf
you don’t see it on your map, rearrange things so that the map looks like Figure 2-21.
FIGURE 2-21
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_____ 5. Since you might want to return to this level of zoom, set a spatial bookmark: From the
main menu select Bookmarks > Create Bookmark® and type River_Bend in the Bookmark Name
text box. See Figure 2-21. Click OK. Check that it works by zooming to the entire DRG, then
select Bookmarks > River_Bend.

_____ 6. Pan so that you can see the human-built artifacts (shown in purple) and text just north of
the bend of the river. What would you say was the function of this facility?

. Zoom back to the Boat_SP83. Make a bookmark of the GPS
track view, so you can get to it more quickly. Call the bookmark whatever you wish. Name it
here:

_____ 7. Pick the colorful area near the island and zoom way, way in on the DRG, so that you can
see individual square pixels. In the T/C, click the plus (+) sign in front of the COLE_DRG.TIF.
All 256 symbols® that could make up the image are now revealed. Actually, only the first dozen
or so are used.

8. Open the attribute table for the DRG. What you see here is the number of pixels (picture
elements) of each value (color) on the map rather than information about the geography being
represented. See Figure 2-22.

FIGURE 2-22
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9. Click the Identify tool icon. Click on the map window to bring up the Identify Results
window. Look at the possibilities in the dropdown menu labeled “Identify from”. See Figure 2-23.
You can ask for results to be shown in the

FIGURE 2-23
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___10. Select COLE_DRG.TIF in the “Identify from” text box. Click a pixel
on the map and note its Color Index. Match this number with the value in the
T/C and note the adjacent color symbol. Select a couple more pixels. Altogether,
this should give you some idea of how a DRG TIFF image is put together. For a
more detailed description do Steps 11 through 13 below. If you aren’t interested
in this topic, close the Identify window and skip to step 14.

A Look (Optional) at How DRG Color
Values Are Put Together (Skip to Step 14 if
you don’t want to do this section.) A DRG is
simply a color picture made up of pixels (pixel
elements). It may be interesting to you to see
how this works. Each color used on the picture
is made up of specific quantities of three
primary colors: red, green, and blue.* Imagine
that you have three flashlights, one of each
color, focused on a single spot (pixel) and that
the amount of light coming from each
flashlight can be controlled, with 0 indicating
none and 255 indicating brightest. Of course,



when all three lights are off, you get black.
When all three lights are on at their brightest,
white light is produced. These two conditions
are represented in the table as Value 0 (black)
and Value 255 (white).

_____11. Click a brown pixel on the map. Its color index is 4. The Identify
window Color field will tell you that the maximum value for any color value
is 255, and that this color is made up of intensities 131 (red), 66 (green), and
37 (blue). (Incidentally, recall that you previously viewed the attribute table
for the DRG. This Identify window represents one of the few cases where
the values shown in the Identify window are not simply the values in the
attribute table.) ____ 12. Right-click the yellow rectangular symbol (7) in
the T/C, and click More Colors to open the Color Selector window. Notice
that the Red, Green, and Blue (RGB) values are approximately 254, 234,
and 0. Move the slider on the Green bar (G) back to 0. Note the resulting
color in the lower-left corner of the Color Selector window: pure Red. Click
OK to change the yellow color symbol to that color. This change is also
reflected in the number 4 symbol in the T/C as well as on the map.
Experiment by setting several symbols to different colors. To see the pure
primary color Green, set the Green color bar to 255 and the other two to 0.
Do the same for the other primary colors. Notice also that the intensity of the
resulting color (shown at the lower left of the Color Selector window) is
controlled by the sliders. Click OK and note the change in the DRG. Change
the white pixels to black and the black pixels to white.

__13. When you have finished experimenting, remove COLE_DRG.TIF
from the map. This nullifies any changes you have made to the color
symbols. Add COLE_DRG.TIF back to the map; expand its legend to verify
that you haven’t done any permanent damage to the default color scheme.

__14. You don’t really want every color symbol cluttering up your T/C,
so collapse the dataset legend if it is showing. Initiate a zoom out with the
Fixed Zoom Out button on the Tools toolbar, and click it repeatedly.
Observe how visually meaningless pixels combine to form an image.



Experimenting with Different Ways of
Seeing Data

__15. Zoom to the GPS track using the
bookmark you made previously. Click the
Windows menu and click Magnifier. When the
Magnifier window appears, drag it, by its title
bar, so that the cross hairs are centered over the
Normal Pool Elevation number and verify its
value in the magnified view.
Then, drag the window over the island and
compare the COLE_VCTR lines with the
elevation lines depicted by the topographic
map. Notice that you can resize the Magnifier
window by dragging its sides and corners; also
you can change the level of magnification with
a dropdown menu. Right-click the title bar of
the Magnifier window and click Viewer to lock
the view, so you can move the Magnifier
window—now Viewer window—and not
change its contents. Open another Magnifier
window and check out its menu options by
clicking the little right-pointing triangle and




selecting properties from the resulting
dropdown menu. Note the current properties
and then experiment with them (you may have
to move the properties windows if it has
appeared directly on top of the magnifier
window) before returning them to the original
settings and dismissing the properties window.
Notice that you can “see through” the Viewer
window with the Magnifier window. See
Figure 2-24. Dismiss the Viewer window and
the Magnifier window.

FIGURE 2-24
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16. Zoom to Boat SP83. Select Windows
> Overview. In the Layers Overview window,




right-click the title bar and click Properties. In
the Overview Properties window, find the
Reference Layer text box and, if
COLE_DRG.TIF is not selected, pull down the
menu and click COLE_DRG.TIF. Now click
Apply, then OK. Resize and drag the Layers
Overview window so that it fits comfortably in
the lower left of your screen. See Figure 2-25.
The Data Frame window shows the GPS track,
part of the DRG, and other data. The Layers
Overview window shows the entire DRG.
Within that window is a box (gray with a red
outline) that indicates whatever is displayed in
the data frame.

FIGURE 2-25




1603877397 143263.725 Fest

__17. Dragging the outlined box in the
Layers Overview allows you to pan around the
COLE_DRG.TIF layer. Move it over to the
city of Lexington. Then move it back to the
river bend. Also, if you use the Zoom controls
or the Pan control on the map in the data
frame, the new view is reflected by changes in
the size and location of the outline box in the
Layers Overview window. Use Zoom controls
on the data frame so that the scale box in the
Standard toolbar indicates a scale between
1:13,000 and 1:15,000.* Drag the outline box
to the larger blue patch at the top of the Layers
Overview window, about in the center. What is




the number of the Lexington Reservoir that
you see? :

__18. You may have multiple Magnifier
and Overview windows open at a particular
time. Before you experiment with these
features together, save your map (like,
River_Map_3), so you can get it back if
something goes wrong and ArcMap closes.
What you are about to do is a sort of high-wire
act for the software. And frequent saves are a
good idea anyway.
Open another Layers Overview window,
resize it, and place it above the other one at
the left of the screen—obscuring the T/C.
Make its Reference Layer GPS_and_Vectors.
Open a Magnifier window and plunk it into
the data frame. See Figure 2-26. Spend some
time looking at the capabilities here. Zoom
and pan the data frame with the usual tools.
Then pan by using the outline areas in the
Layers Overview windows. Move the
Magnifier window as well.
FIGURE 2-26
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19. When you are through playing (and
being impressed), close all magnifier and
overview windows.

_____20. Be sure that the scroll bars are turned
on. Select View > Scrollbars if they are not.
You can zoom to the full extent of all the
datasets in the T/C by pressing the Full Extent
icon on the Tools toolbar. Do so now. Notice
that the slider bars at the right and bottom of
the data frame are fully extended. Zoom to the
extent of the DRG. Now you can shift your
view of the data frame (a different way of
panning) by dragging the scroll bars.
Experiment. Close all extra windows that you



have opened.

Digital Orthophotos A digital orthophoto is
an aerial photograph that has been rectified
(adjusted) so that it may be used as a map with
(an almost) constant scale throughout. (Fixing
aerial photos so that they become orthophotos
is a complicated process, beyond the scope of
this book. Consult remote sensing texts or the
Internet if you are interested.)

___ 21.Add a layer from an orthophoto
“TIF” file: Zoom to the GPS track. Navigate
to [ JIGIS-Arc\River and add a layer to the
map based on COLE_DOQ.TIF. (Ignore any
warnings about projecting layers. If asked, do
not build pyramids.) If necessary, drag the
COLE_DOAQ title next to the bottom of the
T/C (with only the DRG layer below it). Zoom
to the extent of the orthophoto image layer. See
Figure 2-27. You can get an interesting
perspective on the images by flipping
COLE_DOQ.TTF off and on. Notice the water
filtration plant and other artifacts on both the



DRG and the DOQ. Zoom up on the area of
the island. Observe that you see the island on
the DRG (and see it outlined by vectors) but on
the DOQ the island has disappeared. It may
well have been under water at the time this
photo was taken. A 20-foot rise in water level
on this river during floods is not uncommon.

GURE 2-27
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__ 22, Experiment with different levels of
magnification on the DOQ. Notice that when
you are zoomed in very tightly, the “meaning”
contained in the image “disappears” in that you
see only squares (pixels) of various colors.
Z.oom so that there are about 10 pixels across
the screen. How many feet across is each
square? . What length is this in
meters?: . This is the resolution of
the dataset. Crudely, the resolution is a
measure of the limit of how much detail you
can wring out of the data. Zoom back to the
extent of the DOQ.

_23.Ifitisn’t expanded already, expand
the COLE_DOQ.TIF entry in the T/C so that
you can see the three bands that make it up:
Red, Green, and Blue. Right-click on the layer
name. Notice that Open Attribute Table is
grayed out, indicating that the TIF has no
attribute table. However the Identify tool can
provide some information about each “color”.
Make the Identify window show the
COLE_DOQ layer, and then click on various




places on the photo. Query values of several
pixels. You will notice that the colors are made
up of intensity values. Zoom to the water
filtration plant in the northeastern corner of the
DOQ. With the Identify cursor, pick a light
square on the map and note the values. Do the
same for a dark square. Note that the lightest
color has the most of red, green, and blue. In
the T/C click on each legend color box and
uncheck Visible. The image disappears. Now
turn each on separately and note the image.
Look at them in pairs to get an idea of how
equal amounts of different colors produce
different results. Turn all bands back on to
restore the map image. Close the Identify
window.

___24. Zoom to the full extent of the DOQ.
Find the northern boundary of the DOQ, where
it meets the DRG in a forested area. Zoom way
up on this area so that you can see the pixels of
each layer. What distance on the ground does
the DRG pixel width cover? feet.
Z.oom to the extent of the COLE_DRG.




Dismiss the measure window.

__ 25. By right-clicking the data frame and
choosing the Data Frame Properties > General,
change the display units to Miles. Use the
Measure tool, which you should also set to
miles, to obtain the height of the DRG in miles
(to the nearest one-hundredth). :
. Measure the DRG across the top.

. Measure it across the bottom.
. How many square miles is

this?

A topo map, as represented by this DRG, covers an area bounded by
7.5 minute boundaries—both north-south and east-west. The fact
that it is taller than it is wide in miles demonstrates that a minute of
longitude is less than a minute of latitude in this area, as well as
almost everywhere else. As one looks at higher latitudes—further
north—the seven and a half minute quadrangles get skinnier and
skinnier.

__ 26. Change the display units back to Feet. (Under Data Frame
Properties again, let me remind you that you cannot change the map units.
They are locked in by virtue of the fact that you originally set up the map
with a coordinate system that used survey feet as the basic map unit.) Close
the Measure window.

More TIGER/Line Files
27. Zoom in on the northeast corner of

the DOQ), so that the water filtration plant




occupies most of the window. You will notice a
road that starts in the northwest of the image
and traverses the area towards the east-
southeast.

By using the Roads personal geodatabase feature class, contained in
the Personal Geodatabase Lexington, you will be able to determine
the name of that road. This feature class is somewhat different from
the feature classes you saw previously, in that it does not exist
within a PGDB feature dataset. Rather, it is found directly within
the geodatabase. A feature class that exists directly within a
database, without an intermediate feature dataset, is called
“freestanding.”

__28. Add a layer based on the freestanding feature class Roads:
Navigate to [__ ]JIGIS-Arc\River\Lexington.mdb\Roads and add it to the
data frame. Make it bright green, width 2. You should see a line crossing the
DOQ. You will notice that it doesn’t fit the road in the image very well—
which is sometimes characteristic of TIGER/Line data. That census
application is less concerned with geographic accuracy than with the
topology—that is, the main emphasis is on what connects to what. Try to
ignore the fact that the TIGER-depicted road takes a little detour through the
plant machinery. See Figure 2-28.

FIGURE 2-28




29. Start the Identify tool. Click somewhere in the data frame to bring up
the Identify window. Select ROADS from the “Identify from:” dropdown menu
box. Click on the green line to determine the name of the road.

. What would you say the zip code for the plant was?
. The TIGER/Line files contain several attribute fields, which we
will explore later. Dismiss the Identify window.

__30. Just to get an idea of the volume of data in Roads, zoom to that layer.
Use the Zoom In tool to look at the level of detail. Lexington has a (mostly)
limited-access “ring road” that circles the central part of the city; its “diameter”
is about 5 to 7 miles, depending on where you measure. Can you determine its
name? . Zoom in or out as necessary.

31. Zoom to the DRG, then to a small square in its northwest corner that
includes the southernmost interchange of New circle Road. Look at the fit, or
lack of fit, of the Roads feature class with those shown on the DRG. See Figure
2-29.
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__32. Open the attribute table of Roads and expand it horizontally. Notice
that, at the bottom of the window, where the number of records is shown, the
2000 has an asterisk (*) in front of it. This means that there are more than 2000
records and ArcMap doesn’t want to load all of them unless asked. To force
ArcMap to display all of the records, look the bottom of the table window and
find the buttons for moving around among the records of the table. Check out the
ToolTips. You will see a text box in the middle of the buttons. Click the
rightmost button (ToolTip: “Move to end of table.”) It will take you to the last
record of the file. How many records are there in the feature class?




__33. Sort the table into ascending order by feature name (FENAME). Scroll
to the top of the table, then down a bit so as to get past all the road segments that
have a blank FENAME. You will notice that many road names are repeated.
That’s because each road segment, between intersections, has its own record.
Since TIGER/Line files exist for every bit of real estate in the United States, you
can see that the whole thing is a monster-sized database. It has been available in
shapefile format, in fairly reasonable file sizes relating to specific geographic
areas, using File Transfer Protocol (FTP):

ftp://ftp2.census.gov/geo/tiger/ TIGER2010/

or through the web page: http://www?2.census.gov/

I am not suggesting that it is particularly easy for the uninitiated to find what
they want through these web sites, but if demographics is of interest to you,
the census site is a great source of data.

Use Windows Explorer to determine the size of the geodatabase (called
Lexington.mdb in the River folder), which, recall, contains only Roads.
megabytes. Dismiss the attribute table, then remove the Roads
layer from the map, using the T/C.

Another Tie between Attributes and
Geographics

______34. Zoom to the GPS track. Click the
Find button, whose icon looks like binoculars,
on the Standard toolbar. Make sure the
Features tab is active. Move the Find window
to the right, past the DRG. Type Island in the
Find text box. The text box below that should
say <Visible layers>. Press Find. At the bottom
of the window, you should see that a reference
to Island was found in the cole_vctr shapefile
table, in the field WHAT. See Figure 2-30.



http://ftp://ftp2.census.gov/geo/tiger/TIGER2010/
http://www2.census.gov/
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After you have “found” a feature with Find,
you have a remarkable number of options for
examining that feature. Here are some:
_ 35. While looking at the island on the
map,
e Click the text Island in the Find window to
flash the feature.
e Right-click the text Island and click Select
on the menu that drops down.



o Right-click the text Island and click
Identify. Look at the Identify window, and
then dismiss it.

e Right-click the text Island and click Create
Bookmark. Select Bookmarks > Island.
Observe the result, temporarily moving the
Find window as necessary. Then select Go
Back To Previous Extent.

e Right-click the text Island and click Zoom
To. Zoom back.

e Right-click the text Island and click
Unselect.

e Dismiss the Find window.

Have you added to your Fast Facts File
lately?

More Housekeeping: Shutting Down and
Restarting ArcMap

__ 36. Shut down ArcMap: Use File > Save
(or its equivalent: Ctrl-S) to save your map
file. Now click the “X” in the upper-right
corner of the ArcMap window (or press Alt-
F4) to close the ArcMap Program.



__ 37. Restart ArcMap. Unless someone has
changed some settings, you will be given a
choice of recent maps and near the top should
be River_Map_3.mxd. Select it. You should
see what you had before you terminated
ArcMap.

___38. Stop and restart ArcMap using
River_Map_3.mxd to invoke the program:
Again click the “X” in the upper-right corner
of the ArcMap window. Now using Windows
Explorer, navigate to ___ IGIS-
Arc_Yourlnitials\River_Map_3.mxd Pounce
on it and ArcMap should open with the map
you saved.

So you see that you can easily save your

work, and easily restart ArcMap so that it

will pick up where it left off.

Digital Elevation Model Files A digital
elevation model (DEM) data file is a digital
representation of elevations, using a raster
format. A DEM consists of an array of
elevations for many ground positions at



regularly spaced intervals. In this dataset they
appear as square cells, or, visualizing them
three dimensionally, “square posts” whose flat
tops represent the height of the land or water at

the particular geographic positions.

__39. Display a layer from the Digital Elevation Model (DEM) that is
in the form of an ArcInfo Raster:* From [___ ]IGIS-Arc\River add a layer
based on the Coletown Quadrangle digital elevation model named
COLE_DEM. What is the range of elevations shown in the T/C? feet
to feet. Drag its title to the bottom of the T/C. Turn off the two
image layers above it. Zoom to the extent of the DEM layer. You can get an
idea of the topography by looking at the DEM. White areas are the highest
elevations; dark areas the lowest. See Figure 2-31. Select the Identify tool on
the Tools toolbar. Click a light area that doesn’t have other features (such as
vectors) nearby. The Identify window will show the elevation in two places:
under cole_dem and as the Pixel value. (You will also see a stretched value
number, which should be close to 255. This indicates the intensity of the
“color” at that location. Pure white would be 255 which corresponds to a
byte with all bits set to 1s, that is, 2 to the 8th power.) Set the “Identify
from” text box to COLE_DEM (scrolling the dropdown menu as necessary)
so that you no longer have to avoid other features when clicking on the
DEM. Dock the Identify window to the left of the screen, next to the T/C.
Shrink its horizontal size; again zoom to the extent of the DEM. Now use
the Identify tool on a dark area. Here the stretched value should be near
zero. Click on the DEM at the river. Record the Pixel value, representing the
elevation, here:

FIGURE 2-31




__ 40. Zoom in on an area where there is a large variance in elevation.
Zoom in some more. At some point, you will see the individual pixels that
make up the DEM. Now, with the display units set to Feet, measure the pixel
size to the nearest foot, by measuring across 10 pixels. feet.
This number, rounded to the nearest foot, is one of the standard cell sizes for
DEMs.
____ 41. Zoom to the GPS track. Yes, the appearance of the DEM is
unimpressive—mostly black, due to the way the heights of the grid posts are
classified. To fix this, right-click the DEM layer name in the T/C and click
Properties. Under the Symbology tab in the Layer Properties window, select
Classified in the Show area. Select a color ramp that goes from Yellow to
Dark Red. You can do this either by (1) looking at the actual color choices in
the dropdown menu or (2) right-clicking the Color Ramp bar and turning off
the Graphic View, so that the dropdown menu shows you text descriptions.
When all this is set up, click Classify. Look at the Classification Statistics.
How many DEM posts are there? (see Count)

What is the height of the shortest one?
What is the height of the tallest one?
What is the height of the average post to the nearest tenth of a foot?




__ 42, For Method specify Natural Breaks (Jenks); also specify 30
classes. Examine the histogram. Specify 40 columns for it. Your
Classification window should look like Figure 2-32. Note that the great
majority of the elevations lie around the 1000-foot level. However, there are
some at around the 550-foot level, which you may recall from the DRG, is
near the normal pool elevation of the river. Click OK. Click Apply. Dismiss
the Layer Properties window by clicking OK. Note the range of elevation
values, and the associated color symbols, by widening and scrolling the T/C.
Then zoom to the GPS track again.

FIGURE 2-32
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__43. Zoom in on the part of the GPS track that is within the Coletown
DEM, including the island. Click again on the Identify tool and unhide the
Identify window if necessary. Notice how quickly the elevation changes in
the vicinity of the river. Getting the results from the COLE_DEM, what is
the elevation of the surface of the river? . Record an elevation
taken on the island. . Does the DEM river elevation agree with




what you wrote before for the normal pool elevation? How much different?
. Let the Identify window auto hide again.

__ 44. A faster way to see the values of the DEM posts is to right-click the
DEM layer name, then click Properties and switch to the Display tab. Check
the Show MapTips check box and then click Apply and OK. Now when you
move the mouse cursor around the map, even if the Identify tool is not being
used, you will see the elevation of the DEM post when you pause over a
given geographic location. See Figure 2-33. Using Measure and MapTips,
find the steepest average slope you can—where the land drops
feet in elevation over a distance of feet.

FIGURE 2-33
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45. Examine the COLE_DEM entry in the T/C, after widening the
pane enough to see all the text. Collapse the COLE_DEM entry, to hide all




the values and their symbols. Open the attribute table for COLE_DEM. It is
called a value attribute table; it has an extension of “vat”. The number of
different heights that are represented is 529. The Value field contains the
height of the grid “post” in feet. The Count field indicates how many posts
there are of that height. How many posts are there of height 10007?

_____46. Since this table is more vertical than horizontal, let’s dock it on the
right-hand side of the screen and resize it so that we can just see all three
columns. Select the records whose elevation lies between 901 and 1000, by
clicking the box to the left of the record with elevation 901, scrolling with
the scroll bar to 1000 (being careful not to click on any other boxes), and
then holding the shift key down and clicking the record that shows elevation
1000. (Alternatively, you can click to select 901 and drag your mouse to
1000. You may find this to be somewhat difficult because the table can
scroll very quickly. So, if this doesn’t work very well because the table
scrolls by too quickly, do it in stages, using the vertical scroll bar to scroll
the list; hold down the Ctrl key while clicking to select each successive set
of records.) Once those 100 records are selected, run statistics on the Count
attribute. Recall that you will get results based on the selected records only.
Use the Selection Statistics of cole_dem.vat window to determine how many
posts (the Sum) there are with elevations between 901 and 1000.
. How much surface area in acres would that be?

acres. How many square miles?% . You may find the numbers
that are presented a little confusing. In the attribute table, count refers to the
number of posts of a given height. In the selection statistics window, count
refers to the number of records being considered, while sum refers to the
total number of posts represented by those records.

____47. Dismiss the Statistics window and the DEM attribute table. Zoom
to the extent of the DEM. The selected areas (bright blue) show those
elevations between 901 and 1000 feet, which, as you will note, is almost all
the quadrangle. Clear selected features with the appropriate button on the
Tools toolbar.

____48. Again experiment with various levels of magnification, including
full extent of the DEM. Notice that in most places the TIGER streams seem
to flow down the valleys shown by the DEM, but sometimes they don’t.
Again, GIS data is like other data: wide variations in quality—perhaps even
within a given dataset. Data sets from different sources are not always




consistent. Pick a stream and attempt to determine its direction of flow by
looking at elevations. Some stream designations in the southwest area of the
map stop abruptly at the black line. Can you recall why?
(Hint: Turn off cnty_bnd_spn

arc.)

Comparing the DEM and the DRG

___49. Compare the elevations “printed” on the DRG with those values
given by the DEM: Zoom to the bookmark River_Bend. Turn off the DOQ
layer if it is on. Arrange the DRG and DEM layers so that the DEM is at ’the
bottom and the DRG is just above it. Turn both layers on. The DRG image
will obscure the DEM. Unhide the Identify window again and activate the
tool if it is not already. Set up “Identify from layer” as COLE_DEM. Use the
Identify tool and MapTips on the topographic quadrangle, pointing at
contour lines where the text on the map shows elevations (e.g., 600, 700,
850, and 900 feet, zooming out as necessary) near the bend in the river. You
visually see the elevations on the DRG, but the Identify results and MapTips
come from the DEM. Note the agreement (or, sometimes, lack thereof)
between what is printed on the topo map and the values of the underlying
grid. Zoom out somewhat and try this exercise again. You may notice better
agreement between the two datasets as you get further away from the steep
slopes around the river. Auto-Hide the Identify Results Window.

__50. Zoom to the extent of the DRG. Locate Lexington Reservoir No. 4
in the north central part of the quad. Zoom in on it. By turning the DRG on
and off, flip between viewing the DEM and the DRG. Determine, from the
DEM, the elevation of the surface of the water in the reservoir.
feet. According to the topo map, what is the elevation of the
spillway? feet.

Contour Line Files Another way of
representing elevation on a map, familiar to
you from your examination of the topographic
map, is through “isolines” or “contour lines.”
For any given such line, every position on that




line is supposed to represent the same
elevation. The contour lines you have seen so

far have been “printed” on the DRG, but a GIS
can represent these lines as data as well.

__51. While still zoomed up on the reservoir, turn off all layers except
COLE_DEM. Add the feature class cole contours_lines from [ JIGIS-
Arc\River\Kentucky_River_Area_Data.mdb\Quadrangle_data using a Fire
Red line of width 1. Start Identify tool and set its window menu so it shows
cole_contours_line. Adjust the Identify Results window so that you can see
all the attributes. (MapTips will still show the DEM values.) Click the map.
Investigate the contours around Reservoir 4 by clicking individual contour
lines. See Figure 2-34. What is the name of the field in the attribute table
that specifies the elevations of the contours? . Notice
how it is helpful that the feature you click is highlighted briefly. What is the
contour interval (the number of feet measured vertically between adjacent

contour lines)? feet. Turn off the DEM.
FIGURE 2-34
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52. Turn on the DRG layer. Use the Identify tool to compare the elevation
values of the red contour lines with those shown on the DRG. Notice that the



contours from cole_contours_line and the contours from the DRG match pretty
closely in this area. Zoom in some more on the areas where you see some
discrepancies. Using the Measure tool, find a place where the difference between
two corresponding contour lines seems excessive. How far apart are they
horizontally? feet.

__53. Autohide any tables that might be open to maximize the size of the
image. Zoom to the River_Bend. Look again at the differences between the two
corresponding contour lines data representations. The process of comparing
contour lines may work better if you pan to a location away from the river. Near
the river the contour lines are so dense that it is hard to see what is going on. Pan
the map so that you can see more of its western part. You will notice that the
contour lines from the two different datasets are close, but certainly not
congruent. Knowing the elevation at every point in an area is tricky (actually
impossible) task. These two datasets were derived in very different ways. They
actually show a fair degree of agreement.

54. Turn off the DRG and turn on the DEM. Again compare the DEM
elevations with the contour lines. Use MapTips to see the DEM elevations while
using the Identify tool to check the contour lines. Autohide the Identify Results
window.

55. Save the map as River_Map_4.mxd in your Yourinitials folder, where
you originally stored River_Map.mxd. Close ArcMap.

Exercise 2-5 (Project) Triangulated Irregular Networks

__ 1. Start ArcMap with River_Map_4 (in your ___IGIS-
Arc_Yourlnitials folder). Under Customize > Extensions, make sure 3D
Analyst and Spatial Analyst are active.

TINs (triangulated irregular networks), in addition to contour lines and digital elevation
models, constitute another way of representing surfaces (particularly topography) in a GIS. A
TIN represents elevation by tessellating® a surface with triangles. Each triangle is positioned
above® a horizontal plane such that each of its three vertices is at a known elevation. The
result, then, is a surface made up of triangular plates, connected at their edges and positioned
at different angles. Each such plate, therefore, has a lot of information associated with it:
elevation of its centroid and vertices, elevation of any point on the plate, slope of the plate, and
the compass direction of a line perpendicular to the plate (called aspect).
____ 2. Add a layer based on a Triangulated Irregular Network (an ArcInfo TIN):*
Navigate to [___JIGIS-Arc\River and add a layer based on the COLE_TIN dataset. Drag its
title to make it the second from the bottom entry in the T/C, with the DEM below it, turned
on, and with its MapTips still active. Turn off any layers above it, including
cole_contours_line, so you can see the TIN without the interference of the contour lines.
Zoom to the TIN layer. Make sure the cole_tin is expanded in the T/C so that you can see



the colors associated with the elevation ranges. Look at the TIN, comparing the colors on
the map with the elevations shown in the T/C. Turn all entries in GPS_and_Vectors on. Now
zoom in, using the River_Bend bookmark. Zoom in more—on the southeast quarter—to see
the construction of the TIN—it is composed of triangles. (Under some conditions of
elevation slope, and aspect, you will not see the line separating them, so some of the figures
will not appear as triangles.) ____ 3. Zoom back to River Bend. To get a better idea of the
changes in elevation, pick a monochromatic color ramp—say, Yellow to Green to Dark Blue
—by selecting COLE_TIN’s Properties, the Symbology Tab, and making a checkmark next
to Elevation in the Show area. Right-click Color Ramp, unselect Graphic View, scroll to the
desired ramp, and click it. Then, using Classify, pick Defined Interval as a method and 25 as
the interval size. Press OK. Make sure the box next to “Show hillshade illumination effect in
2D display” is checked. (This produces a neat presentation that lets you see the individual
triangles.) Click Apply, then OK. See Figure 2-35.

FIGURE 2-35

_____ 4. Use the Identify tool to notice that, with a TIN, the elevations are calculated
rather than stored in an attribute table: Zoom in so that you can view a dozen triangles or
so in the southeast corner. In the Identify window, set “Identify from” to COLE_TIN. Pick a
triangle and get the elevations close to its vertices. Since the triangle is tipped, you will get
different values for Elevation when you use Identify. MapTips will show you the value of
the elevation of the underlying DEM. Now pick a vertex where three or more triangles come
together, and get the elevations of the adjacent corners of those neighboring triangles. Those
values should be about the same, since the vertex has a single elevation.

____ 5. The Identify tool also presents the slope of the triangle (in degrees) and the aspect
(the direction in compass degrees that the face of the triangle is inclined towards). In Figure
2-36 the particular triangle identified has a slope of about 17 degrees and an aspect of
approximately southeast. As illustrated shortly, you may also view the TIN at oblique



angles, rather than from simply directly above. You could spend a full day exploring the
different ways to display TINs. Come back to this if you are interested. Get guidance from
the ArcGIS Help files.

FIGURE 2-36
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If you try to open an attributes table of a TIN dataset, you will discover that it has none. In
most geographic datasets the values produced by the Identify tool come from an attribute
table. In the TIN, however, the values placed in the Identify Results window are calculated on
the fly immediately—based on where you have placed the cursor and clicked.
____ 6. Collapse the legend for the TIN in the T/C. Zoom to the GPS track, and pan to fill
the window with TIN. Again, with the MapTips of the DEM active, compare the DEM
elevations with some TIN elevations as revealed by the Identify tool. Under the Display tab
in the Properties window for the TIN check Show MapTips, which will take the MapTips
away from the DEM and assign them to the TIN. Slide the cursor around the display looking
at elevations, created by the TIN MapTips. Click on a few points to verify that the MapTips
agree with the elevation shown by Identify.

____ 7. Change the Primary Display Field of the TIN (in Layer Properties, under the Fields
tab) so that MapTips shows Slope. Click Apply, then OK. Experiment by sliding the Select
Elements cursor around on the map. See Figure 2-37. Near the river you can find very steep
slopes, since the river basically runs through a canyon it has cut into the rock. What is the
greatest slope you can find near the river? degrees. The slope you see is expressed
in degrees measured from the horizontal plane.*

FIGURE 2-37
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___ 8. Now make TIN MapTips display Aspect. The aspect is the compass direction (zero
degrees to 360 degrees) of a vector® that is perpendicular to the surface of the triangle. So
an east-facing slope would have an aspect of 90 degrees. Experiment again, looking near the
river where you know the directions of the slopes. If you look approximately at the middle
of the River_Bend you will find the triangles on the northwestern side facing southeast, and
vise-versa.

9. Hide the Identify Results window and close any open, docked tables. Turn off all
layers except the GPS and Vectors group layer. Save the map as River_Map_5.MXD in
___IGIS-Arc_Yourlnitials. Dismiss the Identify window. Dismiss ArcMap.

TINs Are Three-Dimensional Datasets

__ 10.To look at a TIN in another way, and to get a
glimpse of the 3D viewing capability of GIS, we go back to
ArcCatalog. We need the full ArcCatalog capabilities to do
this, so launch ArcCatalog from the All Programs menu or
an icon on the desktop. Make ArcCatalog occupy the full
monitor screen. Under the Customize menu in ArcCatalog,
activate the 3D Analyst extension. Find COLE_TIN in

[ JIGIS-Arc\River and click it. Select the Preview tab and
observe. In the Preview text box, select 3D View. A
different-looking cursor appears as well as a map being
viewed from an angle. The position of the cursor is initially
unimportant, but if you move it around, slowly, holding
down the left mouse button, you can dramatically affect the
view of the TIN. Play with it. Then, (gently) do the same



with the right mouse button. What is the effect?

You can achieve the same effect
by rotating the wheel on your mouse. To move the map on
the screen press both mouse buttons (or press the center
wheel on the mouse) and move the cursor.

____11. Now make sure Customize > Toolbars > 3D View
Tools is turned on (checked). Put the toolbar somewhere out
of the way. Use it to zoom in on the area of the river, using
the magnifying glass icon. Now use the Navigate cursor (left
end of the toolbar) to look at the gorge of the river, from the
eastern edge of the TIN and somewhat above. You can take
your own little helicopter ride around the area. See Figure 2-
38. Play.

FIGURE 2-38

12. Most of the 3D View Tools icons are familiar to
you. Experiment with those that aren’t. At the right end of
the toolbar is an icon to launch ArcScene.

ArcScene is like ArcMap, but for mapping in three dimensions. It is a 3D viewing application
with many capabilities, including letting you drape raster and vector data over surfaces. I
discuss it in Chapter 9 and show you here only enough to whet your appetite.
___13. Launch ArcScene, with a blank scene, from the 3D View Tools of ArcCatalog.
Add Data: Boat_SP83 (use a red dot) and COLE_DRG.TIF. Make sure the Tools toolbar is
active and note the tools it contains. Experiment. Zoom in on the area of the river. (Try out
the zoom control that you activate with the right mouse button.) Now add the TIN layer.



With the addition of the TIN layer, things become a bit tricky. The GPS path and the DRG
appear to be under the TIN—as, upon reflection, you would expect. The GPS track has an
assumed elevation of zero—recall that its elevation data was simply recorded as an attribute.
Likewise, the DRG is simply two-dimensional. But the TIN is truly 3D!
___14. Use the Navigate cursor to view the image in a horizontal state from the eastern
edge, so that you see the TIN layer floating above the other two. Then look around the area.
Find a view that you like and save the scene as River_Map_6.SXD (note the ArcScene file
extension SDD) in ___IGIS-Arc_Yourlnitials. Dismiss ArcScene. Dismiss ArcCatalog.

Elevation Based on Massive Sets of Data: The Esri
Terrain Most computer-based models of elevation are based
on relatively few measured points, usually with considerable
distance between them. With the development of airborne
LiDAR, knowledge of surface elevation has increased
dramatically: Elevation points on the surface (x, y, and z) can
be spaced horizontally approximately two or three meters
apart! GIS LiDAR (Light Detection and Ranging)* datasets
are collected by aircraft using light from lasers that is
bounced off the earth’s surface and returns to the aircraft.
The time it takes for this round trip is precisely recorded and
used to determine the distance from the aircraft to the
ground. Combined with other information, the elevation of
the point on the ground can be calculated.

In the following exercise, you will add a LiDAR dataset to your map and look at a few of its
properties. LIDAR is not an image or a photograph but resembles both because, in addition to
obtaining elevation data, different surfaces return different amounts of the laser beam, so that
objects or conditions can be discerned from a LiDAR dataset.
____ 15, Start a new, blank map in ArcMap. From the [___]JIGIS-Arc\River folder add as
data the GPS track. Click Add Data again and, in the same folder, you will find the File
Geodatabase Terrain_from_LIDAR.gdb. Double-click it. Add
KY_SP_North_NAD83\River_Bend_and_Water_Plant_Terrain to the map. Zoom to the
extent of this File Geodatabase terrain.

What you are seeing is a great number of triangles that indicate
elevation, slope and aspect. The colors of the triangles indicate
elevation. However, because of the density of the data, you are not
seeing all the triangles that could be generated by the data. The
creators of the LiDAR terrain representation rightly assumed that,
given the relatively small scale, you don’t need, can’t see, and can’t



use all the information that a complete TIN of the area could
display, so there is no reason to try to display a high level of detail.
This terrain is based on more than 440,000 points!

16. Use the Identify tool to sample a few locations within the terrain.

Write down a few elevations, slopes and aspects:
Elevation Slope  |Aspect

17. What does the scale text box in the Standard toolbar indicate?

—_

Immediately under the name of the terrain layer in the T/C there is a
designation preceded by an asterisk (*).

What is that designation?

The way ArcGIS copes with the immense size of LiDAR datasets is
by showing only a reasonable amount of information, based on the
scale of the display. In what follows, you will experiment with
viewing the terrain layer with various levels of scale.
___18. Highlight the contents of the scale text box in the Standard toolbar,
type 5000, and press Enter, which changes the scale to 1:5000—or rather
will change the scale to 1:5000 after a bit of time, depending on the speed of
your computer; a lot of computation is taking place. If you now look at
about the middle of the terrain layer, you will see the water treatment plant,
which you did not see before because of the smaller scale.
___19. Look at the T/C. Notice that, where before it said *Overview
Terrain, it now gives a Z Tolerance of 4. This value basically indicates that
only those elevations that are different by 4 feet are represented in the
image.
So, this is the mechanism that ArcGIS uses to cope with the massive
amount of data: When a relatively large area is shown the level of detail
is reduced. As the scale gets larger, more detail is shown, but the amount
of computation needed does not greatly increase because the area shown
is smaller.
__20. Change the scale to 1:3500. Pan the image so that the water plant



view is in about the center. What is the Z Tolerance now?

21. Record the Z Tolerance for the scale 1:2500 and examine the map.
Then 1:1500, still keeping the water plant near the center by
panning. . Finally use 1:500. The Z Tolerance has become
zero, indicating that every data point is being used to generate the TIN,
regardless of difference in elevation. Dismiss ArcMap without saving
changes.

Exercise 2-6 (Project) Geodatasets of Soils, Rocks, and Land Cover
The type of soil that exists at a location is important for agriculture, for
assessing the effects of erosion, and for other reasons. The rock below
the soil is of great interest to those who investigate the resources of the
planet. In the database Kentucky_River_Area_Data.mdb, we have a
Personal Geodatabase Feature Dataset called Quadrangle_Data, which
contains feature classes cole_soil_polygon and cole_rock_polygon.

In the soils data, the different classifications appear in a field named MINOR1 of its relational
database table. The different classifications of surficial rock types are identified in the NAME
field of its table. The origin of these databases is not given, nor the meaning of the
classifications. While these are real datasets, they are not valid for display or analysis, other
than in a tutorial sense.
____ 1. Display a soils personal geodatabase feature class: Work with River_Map_5 in
ArcMap. In [___JIGIS-Arc\River, find the MDB (Microsoft Access Database) file named
Kentucky_River_Area_Data. Pounce. Find the Feature Dataset Quadrangle_Data. Double-
click. Add cole_soil_polygon to the map. Drag its title to the bottom of the T/C. Make sure
all image layers, the DEM, and the TIN above it are off. Turn everything else off as well
except the GPS and Vectors group. Zoom to the extent of cole_soil_polygon. You will note
two blank areas—one to the southwest and a little one in the crook of the river. These occur
because this type of soils feature class is not compiled primarily by quadrangle, but by
quadrangle within county—in this case the part of Fayette County that is in the Coletown
quadrangle.

____ 2. 0Open the attribute table for cole_soil_polygon. Undock it by dragging the Table title
bar into the center of the map, without dropping it onto one of the many blue arrows. You
want the table to be freely floating within the map. How many records do you find?

. This type of data set is sometimes called “detailed soils”; you can probably see
why. Run Statistics on the field MINOR1, which designates the soil type. How many
polygons are there?

The Summarizing Procedure You can’t get much out of the
other statistics, because the numbers in MINOR1 are
“nominal,” meaning that the numbers are used just as names.
Under these circumstances, you can’t do any mathematical
operations other than to compare for “equal” or “not equal.”



Even the histogram (Frequency Distribution) doesn’t give
any definitive information because pairs of adjacent numbers
(e.g., 34 and 35) are clumped together in the graph, so this
only tells you the total number, not how many polygons are
of type 34 and how many of type 35. You can use
Summarize to tell you how many polygons of each MINOR1

type there are.

____ 3. Dismiss the Statistics of cole_soil_polygon window. Click the field MINOR1 to
highlight its column. Right-click the field name. Click Summarize. The Summarize window
has three input boxes. The first, at the top, should indicate that MINORI is the field to
summarize. Ignore the second one (in the middle). The third and last should indicate that a
table named Sum_Output will be placed in the default geodatabase. To change both the
name and location click the Browse Folder button and locate.

_ IGIS-Arc_Yourlnitials.

Pounce. Change the name to Summary_MINOR1 in the Name box. From the dropdown
box Save as Type, change it from File and Personal Geodatabase tables to dBase Table.
Click Save. Click OK. When the Summarize Completed window appears, agree to add
the table to the map. In the T/C, note the appearance of Summary_MINORI1 and the fact
that the List By Source button is now active. Press the List By Display Order button and
notice that the reference to the table goes away. Click the List By Source tab again. The
lesson here: You can only see the reference to ancillary tables such as this List By
Source is active. Right-click the Summary_MINORI1 entry and select Open. The
Attributes Of Summary_MINOR1 appears, showing the number of records (and hence
polygons) with each different value of MINORI1. Notice that there are tabs at the bottom
of the Table window. This enables you to switch between cole_soil_polygon and
Summary_MINORI1 easily. Grab the Summary_MINORI1 tab and drag it into the tab
window, docking it on the right side so that you can see the information in
cole_soil_polygon and Summary_MINOR1 at the same time. Open the Table Options
dropdown menu from the top of the window and select Arrange Tables, and within that
Move to Next Tab Group, which should return the table to the tabbed view. What is the
count for the MINOR1 value of 34? . How about 35? . Close the
tables. Press the Display tab.

_____ 4. Make sure that List by Drawing Order is selected in the T/C. Zoom in on the part of
the GPS track that lies within the soils layer. You see lines outlining the polygons, but the
polygons are all the same color. You can use the Identify tool (be sure to set the proper
layer) to see the attributes, including the value of MINOR1. Note that a polygon “flashes”
when you click it. From your knowledge of what is where, determine the “soil type code”
for water? . What is the “soil type” for an area with no data? . Hide
the Identify Results window.

_____ 5. Label each polygon with the number that indicates soil type: In general, you can
automatically place a label in each polygon. The label, which comes from the attribute table,
is a value from the record associated with the feature.® Bring up the Layer Properties of
cole_soil_polygon. (Recall: To get to Layer Properties, you may either double-click the
entry name or right-click it and choose Properties.) Click the Labels tab. Turn on Label
Features in this layer by clicking the check box next to it. Click Apply. A number appears in



each polygon, but for each it is 999. That’s because these are the values found in the
MAJORLI field of the attribute table. By default, the software picks the leftmost “real” field
(or a field titled “NAME?™) in the attribute table to use in labeling. Not what we want. In the
Text String Label Field dropdown menu change the text MAJOR1 to MINOR1 and press
Apply again. Now you should see the two-digit value for the soil type in each polygon. In
the Layer Properties window, press OK. See Figure 2-39.

FIGURE 2-39
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_____ 6. Display the feature class with different colors based on the field Minor1: In order
to more easily distinguish between polygons, you can change the symbology so that the
polygons are displayed in different colors. Bring up the Layers Properties of
cole_soil_polygon. Click the Symbology tab. Notice that you can Show:

o Features

e Categories
Quantities
Charts
Multiple attributes

Pick Categories, and within that, Unique Values. This setting will ensure that when you



leave this window the software will assign a color to each polygon depending on the
value of a field in the attribute table. For the Value Field select MINORI1. For the Color
Ramp choose one that has strongly different colors, say Basic Random. Click the Add
All Values button. Click Apply, then OK. See Figure 2-40.

FIGURE 2-40

_____7.1In this step, turn on other layers as needed. Determine the MINOR1 value of the soil
type classification (1) of the island, , (2) near the stream that flows southeast into
the river, (3) that is used to indicate water, , and (4) for areas not in Fayette
County . Use the Identify tool to verify your answers. Also check that the color used
for the island polygon corresponds to the color next to its number in the Layer pane (in the
T/C)—you will have to scroll down to see the values and associated colors. Collapse the list
of colors by clicking the minus sign next to cole_soil_polygon. Turn off cole_soil_polygon.

Some Geological Data
8. Also in the Quadrangle_Data feature dataset you will
find cole_rock_polygon, which shows the classification of



the surface geology. Add it as a polygon layer, just as you
previously added the soils feature class.

9. Run through the same exercises with
cole_rock_polygon as you did with cole_soil_polygon,
looking at different levels of zoom:

e Summarize (on the NAME field) calling the resulting
table Summary_ NAME

¢ Identify some polygons

e Label polygons (use the NAME field)

e Display the polygons with different colors

Using the Identify tool, indicate what sort of rock the river

bed is made of
__10. In the Layer Properties window for
cole_rock_polygon, click the Labels tab and change the size
of the labels to 10 points. Experiment with different scales by
typing into the text box on the Standard toolbar. (You only
need to type the denominator of the scale fraction—the
software will understand the scale you mean.) Notice that
with scales smaller than about 1:30,000 (like 1:50,000), the
labels are pretty much useless. And annoying! Select the
Labels tab from Layer Properties, and then click the Scale
Range button. Activate the radio button for “Don’t Show
Labels When Zoomed. In the Out Beyond text box, type
30000. Click OK, Apply, and OK. Now notice that a zoom
level of 1:30000, you see labels. At 1:30001, you don’t.

The concept of showing details of layers only between

specified scale levels applies to feature as well as labels.

Suppose that you didn’t want to see the streams when the

data frame was zoomed out beyond 1:80,000.
__ 11. Turn on all TIGER streams. Right-click
TIGER_streams and click Properties. Under the General tab,
in the Don’t Show Layer When Zoomed Out Beyond field,




type 80000. Click Apply, then OK. Using the Magnifying
glass icons and/or the Fixed Zoom In and Out tool on the
Tools toolbar, zoom in and out on the data frame. Observe
the scale text box for the scale and observe the map for the
presence (or absence) of streams. Also notice that when the
streams aren’t being displayed, the on-off check box next to
TIGER_Streams changes to checked but grayed out.

Rasters of Land Cover Data Of considerable interest to
urban and regional planners is what is called “land cover” (or
the allied but somewhat different concept of “land use”): the
vegetation, water, natural surface, human activity on the land
surface, and so on. In the following, you will load a data set
that describes land cover in Fayette County Kentucky at a
high-level of resolution.

__ 12, Load as a layer fyttelcO6alii, which is a raster, you can find in [___]JIGIS-
Arc\Kentucky_wide_data. If asked, do not build pyramids. Turn all other image and
polygon layers off. Zoom to the full extent of the data set to get an idea of the amount of
data. Zoom to the GPS track. See Figure 2-41. Based on the color of the cells and looking at
the legend, what would you say the code for open water is? . What is the code
cultivated crops? . Verify each of these using the Identify tool. Zoom further in so
that you can measure the width of a cell. What are the dimensions of the cells in this data
set? feet. Which is meters. How much area in each?

square feet. An acre would contain how many cells? .As 1
said, this is a high-resolution data set.

FIGURE 2-41




13. Open the attribute table of fyttelcO6alii. Based on the value of Count, how many
cells represent open water? . Therefore, how many square miles of water would
you calculate cover land in Fayette County? . How about cultivated crops?

For another look at land cover, you will load a data set that describes land cover in the
state of Kentucky at a generalized level. You are being shown these two different data
sets to illustrate that different organizations select widely varying categories into which
to place the activities and conditions on Earth’s surface.

___14. Load as a layer MSU_SPNORTH, which is a raster found in [___JIGIS-
Arc\Kentucky_wide_Data\KY_Landuse_MSU\MSUdata. If asked, do not build pyramids.
Turn all other image and polygon layers off. Zoom to the full extent of the data set to get an
idea of the amount of data. Zoom into the GPS track. See Figure 2-42 (bearing in mind that
your colors will be different, since the software assigns colors at random). Based on the
color of the cells and looking at the legend, what would you say the code for water is?

. What is the code for roads? . Verify each of these using the Identify tool.
Zoom further in so that you can measure the width of a cell. What are the dimensions of the
cells in this data set? feet. How much area in each? square
feet.

FIGURE 2-42




__ 15, In the Kentucky_wide_data folder you will find the text file
KY_Landuse_MSU\MSUdata\msu_lut.txt. Open this file(lut stands for land use table) with
a text editor or word processor. Verify that your answers about water and roads
(transportation) above were correct.

16. Open the attribute table of MSU_SPNORTH. Based on the value of Count, how

many cells represent water? . Therefore, how many square miles of water
would you calculate cover land in Kentucky? . How about transportation?
. Compare.

You Are Not Alone (Assuming you have an Internet
connection)

__17. Make a new blank map. Add as data
Boat_SP83.shp. There is a dropdown menu besides the Add
Data button, which you probably haven’t noticed. Click it.
Click Add Basemap. Assuming you have an Internet
connection, you will see a dozen or so thumbnails of
basemaps that are available over the web, courtesy of Esri.
Select National Geographic. Click Add. Wait. (If nothing
shows up after a few seconds, click the pan tool and move
the map very slightly, to encourage the software to create the
display.) You will see topography (by means of shading) and
some roads. Note Interstate 75 for future reference. Type
50,000 in the scale box and then Pan, following I-75 north, to
Lexington. Find Lexington Reservoir No 4 to the west of I-



75, as you begin to get into the more developed area of
Lexington. You could pan all the way to Toronto if you
wanted to. This is a worldwide basemap. Type 4,000,000
into the scale box. Find Lake Ontario and Toronto, Canada.
At a scale of 1:500,000 you can see that Toronto has an
airport south of the city on an island in Lake Ontario. At
1:25,000 you can read the name of the Toronto Airport.

__18. In the T/C click on the word Basemap, wait a
second, and click again. You can now change its name to
Basemap_NatGeo. Click the minus sign in front of the name
to collapse the entry.

__19. Zoom to the GPS layer again. Again add a basemap
—this time picking Imagery. In the T/C change its name
from Basemap to Basemap_Imagery and collapse the entry.
In the T/C, drag the Basemap_Imagery layer above the
Basemap_NatGeo layer. The imagery layer will block the
NatGeo layer. Pan the image down slightly so that you can
see the water treatment plant.

__20. Suppose you would like to see both layers at the
same time. Right-click the Basemap_Imagery layer and pick
Properties > Display. Set the Transparency to 70%. Now you
can see names of the roads that are present on the NatGeo
layer as you look through the imagery layer. What is the
name of the road to the south of the river that appears to
parallel the river?

__21. Start a new map. Add the GPS track. Using the
dropdown menu next to the Add Data button click on Add
Data From ArcGIS Online. Experiment with some of the
basemaps, starting with USA Topo Maps. That’s right, all of
the more than 55,000 7.5 minute topographic quadrangles of



the United States are available to you! You could use
combinations of these basemaps to find an area of interest
and see considerable detail of any place in the U.S. For
example, you could zoom way out on a DeL.orme map (add
from ArcGIS Online), locate an area of interest (your home
town?), and zoom in on it—getting a good topo image of the
area at a scale of 1:4000 and a scale of 1:2000 on an imagery
basemap. The same approach could be used to look
worldwide, depending on the data available.

In Chapter 3 you will learn how to add your own data to basemaps like these and publish the
results so that others can call them up.

Next Steps on Your Own Of course, there is a long story
behind each of the types of data that we have looked at
briefly here. If you are interested in a particular type or
source of data, I suggest that you look first at the Web for
sources and then study Web pages or texts for more detail.

Exercise 2-7 (Review) Checking, Updating, and Organizing Your
Fast Facts File The Fast Facts File that you are developing should
contain references to items in the following checklist. The checklist
represents the abilities to use the software you should have upon
completing Chapter 2.

To initiate ArcMap:

Square feet in an acre; acres in a square mile

To move toolbars by double-clicking

To turn toolbars on or off

To include extensions in the software

The T/C contains when List By Drawing Order is selected.
The T/C contains when List By Source is selected.

The T/C contains when List By Visibility is selected.

The T/C contains when List By Selection is selected.

To change just the color of a plotting symbol

To change the color and size of a plotting symbol
To set the map and display units

Map units are

Display units are

To open an attribute table

To dock and automatically hide attribute table(s)
A personal geodatabase (PGDB) is



A PGDB feature dataset is

A PGDB feature class is

A PGDB freestanding feature class is

A coverage is

A shapefile is

ADRG is

ADOQis

ADEM is

ATIN is

Vector means

Raster means

TIGER refers to

To group layers together

To rename a layer

To zoom to the extent of a layer

To zoom to the extent of all layers

The extension of a map document is

A map document contains

To save a map document

The difference between Add Data and Open is

Ways of selecting records are

Ways of selecting features are

To find a text string in a database

To set a bookmark

To return to a previous zoom level

To measure distance on a map

To see the values of all attributes of a given feature

To connect to a folder in ArcMap

TIFF refers to

To change the drawing order in the Table Of Contents
The additive colors are

To set layers for the Identify tool

To dock and automatically hide the Identify tool results window
To collapse and expand entries and legends in the Table Of Contents
The Magnifier window

The Overview window

Ways of panning the image are

To set MapTips for a layer to be displayed

A TIN does not have an associated attribute table because
To see a 3D data set with ArcCatalog

ArcScene is

To run statistics on an attribute

To summarize an attribute

To compare tables

To label features

To symbolize features with different colors

To bring up a layer’s Properties window

To change whether or not labels are shown, depending on scale
To change whether or not layers are shown, depending on scale
To classify features



e To get basemaps from the Internet
e To look through one layer at another you can

The Next Chapter In Chapter 3 you will learn how to make
real maps, virtual maps, and publish maps on the Internet.

'To convert inches to feet (with tenths), divide by 12; for example, 30 inches is
2.5 feet.

‘Defined approximately as the area enclosed by a square that measures 208.7
feet on a side, or defined exactly by a rectangle 1 foot wide by 43,560 feet
(about 8 miles) long. In other words, an area of 43,560 square feet.

*See my textbook: The Global Positioning System and ArcGIS, 3rd Edition,
Taylor & Francis — CRC Press, 2009.

‘Sometimes the mouse cursor comes up as the pan tool when you didn’t order
that. If that happens simply change it back to the Select Elements tool on the
Tools toolbar.

‘To conserve computing resources (time, memory space), extensions are not
loaded into the fast memory of the computer unless the user takes specific
action.

‘When the first sentence of a step is in bold italics, like this one, it means that
you should read over all of the text of the step before you attempt to follow
the directions in the step.

A “pounce” is either a double-click or a single-click (to select) followed by
pressing Enter on the keyboard.

‘None of the data names in Esri software is case-sensitive. That is
FORD_VCTR is considered the same as ford vctr. However, blanks are not
permitted in dataset names, nor in folders or in the paths to data set names.
Dashes may also cause problems in filenames but not folder names. Not
knowing all this causes trouble at times.

?A regular TIFF file that is used to portray geographic areas requires a separate
world file that provides the geographic coordinates of the TIFF. A GeoTIFFs,
on the other hand, contains the relevant world file—it is embedded. ArcGIS
may use either setup, but not all software does. You may convert a GeoTIFF



to a TIFF and a world file with and the ArcToolbox conversion tool Raster To
Other Format (multiple) (or the older ArcInfo command CONVERTIMAGE,
if you have access to that software).

YRaster and image files may be contained as freestanding entries in file and
personal geodatabases. TIN files stand on their own directly in folders.

"Why are FORD_VCTR and Cole_Vctr.shp in different formats? Simply to
acquaint you with two of the different data-representation structures (coverage
and shapefile) that ArcGIS is capable of.

LYes, this short trip crossed the boundary between two quad sheets. Not only
are you learning about GIS, but you are also confirming the First Law of
Geography: Any area of interest, of almost any size, will require multiple map
sheets to represent. GIS, as its displays evolve toward seamlessness, is set on
making that law unimportant.

“There are 72 points in an inch.

“Esri software seems to insist on capitalizing prepositions sometimes. If you
are like me, after a while it won’t bug you so much.

LIf the extension name “mxd” doesn’t appear after the name River_Map, find
out how, with Windows, to turn off the checkbox in front of “Hide extensions
for known file types.”

Version 10.0 operates somewhat differently but the capabilities are the same.

“Qkay, for the most part, I’ll quit reminding you about the Fast Facts File now.
Either you are in the habit by this time or you aren’t.

“There are 5,280 feet in a mile.

“The forerunner of TIGER files were DIME files. DIME stood for Dual
Independent Map Encoding — reflecting the idea that two very different types
of data were included: latitude/longitude on the one hand and postal addresses
on the other hand. That acronym made a lot more sense.

2Actually a layer can be made “not selectable” and yet be under the Selected
heading. This happens if you toggle the selectability off after some features
have already been selected. So no more selections are permitted but the



already selected features remain selected.

2When ArcMap is already running you can open a map by (a) pressing Ctrl-O,
(b) Choosing File > Open, or (c) clicking the Open An Existing Map (see
Status Bar or ToolTip) icon on the Standard toolbar. Opening a map requires
that you do something (either save or discard) with the map that is presently
displayed.

2It’s just “Create” in Version 10.0.

2Why 2567 Because the index number of the colors is stored in a single byte,
which as you know is 8 bits, which allows two to the eighth power
combinations, which is 2*2*2*2*2*2*2%*2 which is 256.

“You may have learned that the primary colors were red, yellow, and blue and
that you could use these to make other colors. You perhaps verified this by
mixing paints that went on paper. Actually, these paints absorbed wavelengths
of light for certain color ranges. Paints give off no light on their own. A paint
that absorbs red and blue wavelengths from the white light that falls on it and
reflects the rest appears as yellow. “Red, yellow, blue” is a subtractive or
reflective color model. Light is only reflected, not generated. However, when
you look at a computer monitor, you are seeing colors from an emissive or
additive color model. Light is being generated by the interaction of the
particles coming from the electron gun and the special phosphors on the inside
of the monitor screen (or by some more modern whiz-bang technology that
generates colored light). Here, the best combination of pure colors to generate
the visible spectrum was found to be red, green, and blue. These aren’t the
only color models. For example, most color printers use magenta, yellow, and
cyan (plus black separately) as their primary colors.

£You can also type a value in the scale box, say 14000.
“There are 39.37 inches in a meter.

ZIn order to see this raster, you will need the Spatial Analyst extension or 3D
Analyst extension. As indicated earlier, you may need to tell ArcGIS to install
the extension(s) in the current session. To do this, go to the Customize menu
and click Extensions. Put check marks by Spatial Analyst and 3D Analyst.

2There are 43,560 square feet in an acre. There are 640 acres in a square mile.



“Tessellated is a 50-cent word that means “completely covering an area with
geometric figures without gaps or overlaps.” Actually, it is the projection of
the triangles on the plane that tessellate it, since the sum of the areas of the
actual triangles is more than the area of the plane—as the actual triangles that
make up the surface are not parallel to the plane.

20r below, or in the vicinity of the horizontal plane.
2In order to see this TIN, you will need the 3D Analyst extension.

2You have to be careful when dealing with the numbers that specify slope.
Sometimes slope is expressed as a percentage: the rise in elevation divided by
the run along the surface of the Earth, times 100 to make it a percentage. If
you want the angle of a given percent slope, divide the percent slope by 100,
and find the angle whose tangent is that value. Such an angle is called an
arctangent, defined as “the angle whose tangent is x.”

2To be precise, it is the direction of the horizontal component of that vector.

*Contrast LiDAR with the more familiar concept of RADAR (Radio
Detection And Ranging), developed around the time of World War 11, used to
display aircraft positions and weather. RADAR uses radio waves in much the
same way as LiDAR uses light (laser) waves.

*You saw labels briefly earlier when we labeled counties.



Chapter 3

Products of a GIS: Maps and Other Information
OVERVIEW

IN WHICH you investigate the relationship between GIS and mapmaking, look
at a variety of types of output from a GIS, and learn the rudiments of mapmaking
with ArcGIS.

GIS is the worst thing that ever happened to cartography.!

Unattributable Circa 1990
GIS and traditional cartography share a fundamental idea: Depict a part of the
real world so that human beings can understand it and use the knowledge for
navigation, planning, resource management, or other forms of decision making.
The traditional cartographic product, the map, is a single entity that is usually the
result of a major project. For example, a USGS topographic map may take
several years to produce. Decisions about the font and placement of textual
information, colors used, and so on are carefully considered. It has fixed size and
scale. To many, making maps is a work of art.

GIS and Cartography—
Compatibility?

Earlier, in Chapter 2, we discussed the differences between maps and GIS. Here
I want to illustrate a dramatic, seldom recognized difference between published
maps and GIS-developed maps. It turns out that, no matter how good the tools in
GIS become in facilitating the production of paper maps, there is a fundamental
incompatibility between GIS data and even a fairly large-scale paper map. In
addition to the previously discussed advantages of GIS over maps is the fact that
cartographers sometimes have to distort the positions of features in order to let
the map convey important information. For example, suppose that in a
mountainous region there is a populated valley. Running through this valley may
be several linear features: a stream, a road, a power line, a gas main, and a



railroad track. These elements may have to exist within a corridor only a couple
of hundred feet wide. Further, the road may cross the stream and the railroad. A
distance of 250 feet translates to only an eighth of an inch on one “2000-scale
map,” where 1 inch corresponds to 2000 feet. (The scale is 1:24000 — a standard
scale for US topo maps.)

An eighth of an inch certainly does not supply enough space to show these
features and the relationships between them. If the symbols for these features are
shown in their correct spatial locations, they will appear on top of each other.
What is the cartographer to do? Fudge! Widen the valley and exaggerate the
distances between the features, which means putting some of them in places
where they, in fact, do not exist. “Generalize” is a term that is used for this. The
cartographer rightly deems it more important to show the correct relationships
among the features than to be precisely spatially accurate.

One can correctly argue that such adjustments should not be a part of a GIS
database. The different uses, at different scales, of GIS data suggest that
everything placed in the database should be recorded as accurately and precisely
as reasonably possible. This means that if a map is made or data displayed at the
1:24000 scale from such a database, you would not be able to distinguish among
the features. To see the features in their proper relationships, you would need to
zoom to a larger scale.

This incompatibility between the paper map and GIS will be exacerbated as
more and more detail is introduced into GIS databases. The incompatibility,
along with the lack of GIS tools for good mapmaking (a problem that is actually
fast disappearing), is why many cartographers convert GIS maps into drawing
programs like Freehand and Illustrator. In any event, the virtual map or the Web-
based map, will not push the paper map into antiquity, but the trend will be in
that direction. After all, what is usually desired is to have spatial data and
analysis tools that will create products for decision makers.

Products of a Geographic
Information System

Let’s shift focus from learning GIS to thinking about the desired end results. By
this I mean the decisions taken by human beings to change, navigate, or protect
the environment.



C. P. Snow wrote, “To be any good, in his youth, at least, a scientist has to
think of one thing deeply and obsessively for a long time. An administrator has
to think of a great many things, widely, in their interconnections, for a short
time.”™ It is to the attention of these administrators that products of a GIS are
mostly directed. You, as a producer of information, need to be mindful of limits
on their time.

Overall Requirements for Utility

To be useful in decision making, products of a GIS must meet several criteria:
1. The decision makers must know it is available.
2. They must be able to understand it.

3. They must have some reason to believe that it is worth their time to
determine how to use it.

4. Assistance to aid the decision makers’ understanding of the product must
be available.

5. The product must be available at the time it is needed.
6. It must be relevant to the area of concern.

7. It must have considerable accuracy and integrity; if the product lets
decision makers down, a long time will elapse before they depend on such
information again.

Classification of GIS Products

Products from a GIS might be classified in several ways. I will use the terms
media, format, purpose, and audience.

Media: 1 use the term “media” to denote the physical carriers of the
information presented to the decision maker. Common media are paper,
photographic materials (opaque ones like photographs and translucent ones like
slides and films), and electronic visual devices like computer monitors. Three-
dimensional electric displays activated by laser beams—called holograms—may
be available in the future, but more conventional products are now available that
can meet more important, if less exotic, criteria. Almost all products of existing
GIS are designed to respond to the sense of vision in some manner.

Format: While the number of visual media that carry information is limited,



the number of forms or formats that information can assume is without limit. An
(almost) infinite variety can be obtained with characters—the 26 letters of the
alphabet, Arabic number symbols, and some special symbols. This type of
information is called character-based.

Character-based information can appear in the form of text, tables, lists,
formulae, and so on. The way in which information is organized has a
tremendous impact on whether or not it will be useful. Character-based
information can be processed by an individual in serial fashion (like a reader
“processing” this line of text) or in search mode—a procedure in which a person
examines unconnected groups of characters in order to find desired information.
Looking up a number in a telephone directory exemplifies use of the search
mode—a procedure in which a person examines unconnected groups of
characters in order to find desired information—followed, of course, by serial
mode.

For purposes of mental model building, the best products allow a user of
character-based information to quickly grasp two things: the overall scheme of
organization of the information (revealed by tables of contents, materials on
“how to use this information,” executive summaries, etc.) and the subject of the
information itself (illustrated by introductions, table titles, lists of parameters
relating to the information, etc.). Development of products that can meet these
criteria is an art and a science.

Graphic information—pictures, photographs, drawings, maps, displays,
graphs, diagrams, and so on—is also as versatile as character-based information.

Simplistically, character-based information is read, while graphic information
is viewed. Both can help a decision maker form a more complete mental model
of an issue, but each provides information in different ways.

It is rare that any information is either totally character-based or graphic.
Combinations of the two are the most effective (graphs have descriptive
headings and designations; reports have diagrams and illustrations), though the
process of “marrying” the two is not always straightforward, particularly when
computers are used.

Purpose: Another classification that might be considered during design of a
product from a GIS are the purposes of that product or information. Some of the
possible purposes include the following:

e Inventorying
e Analyzing



Explaining
Documenting
Designating
Defending
Managing
Forecasting
Monitoring

The design of the product is frequently more effective if the purpose is kept
well in mind. For example, if the major purpose is monitoring, the most
appropriate product might be one that reflects a change over time rather than the
production of two documents, each of which shows the situation at a given point
in time. This sounds elementary, but the amount of effort that has been spent in
trying to compare two similar documents, side by side, to ascertain the
differences between them is staggering. A GIS has the capability to generate the
“difference” and that capability should be used.

Other purposes will be most appropriately met by differing formats. The
Important point to consider, for each product, is how that product will be used.

Audience: A good GIS will be capable of producing many sorts of information
products at varying levels of detail and sophistication. An additional
classification for these products might be the audience for whom the product is
intended.

Attempts to develop a “superproduct” should be avoided. As various products
evolve, this becomes a strong temptation. Those responsible for system and
product design and evolution keep adding more bells and whistles, which the
designers, of course, understand completely.? But a person charged with making
a decision, who is looking at the product for the first time, may find that an
elaborate demonstration interferes with his or her understanding of—and use of
—the information.

One approach designed to avoid this problem is the development of an
information product series—several forms of information of similar origin,
media, format and purpose. This type of series might show different levels of
detail that can be used by anyone exploring all perspectives of an issue. As a
product series is used, the first priority should be development of a product
appropriate for the needs of the decision maker. That product should be
supplemented by others of the same general form that provide more detail or
addition information. For example, if information on the limits of the 50-year
floodplain for a reach of river is needed, the information product should not



show the 20-year plain, the 100-year-plain, the normal yearly range of bodies of
water, or the expected annual rainfall, and so forth. Instead, it should clearly
show the 50-year floodplain, with a notation that more detailed or sophisticated
information is available for other floodplain limits in roughly the same format. If
the system can produce a complicated map, it should also have the ability of
producing less complicated ones.

Documenting Products

Developers of GIS products sometimes become so caught up in the task of
providing primary products to decision makers that they neglect a second but
vital component of the operation: providing explanatory, documenting, and
context-setting information. When the information relates to data sets, we call it,
as you know, metadata. Products need equivalent attention. Some of the
information about products can be obtained from the metadata; some cannot. A
partial list of defining information for a report, document, or map might include
the following:

o Atitle

o A descriptive paragraph on the content of the document and how it is to be
used

e The geographic area covered

e The date the information was produced

¢ Identifiers that allow the user to determine the defining information about

the data that support the information in the report—references to the

metadata, perhaps

Statements about the precision of the information in the report

Estimates of the accuracy of the information in the report

The variables that went into the production of the report

A name, phone number, e-mail and postal address of a person (or agency) to

contact for information about the report

e All of the parameters that were supplied by the user in the production of the
report

e Any warnings to users

¢ Identification of agencies and individuals responsible for the report

Not all of this information needs to appear in the same format in the same
place. Some of it may be generated by the computer and appear on the printout:



date, data identifiers, parameters, precision and accuracy information, and so
forth. Various descriptive information might better be printed separately and
attached to the computer-produced report. Regardless of the methods of
production or dissemination, a product from a GIS should be a complete
package. And, of course, pointers to the metadata of the constituent data sources
must be provided.

It may be determined that each user of an institution’s GIS should be given a
user’s manual of the system that mainly describes any customization of an off-
the-shelf GIS such as ArcGIS. Such a manual could set the context of the entire
system and then describe each product series. Such a manual should be loose-
leaf and modular; it should also be available online. An updating scheme should
be thought out carefully.

When defining information about a report is contained in the user’s manual
rather than in the product itself, the product must contain references to the user’s
manual; the loss of the link between the report and its defining information can
prevent acceptance and use of the system.

Thoughts on Different Types of
Products

A major reason to have a GIS is to either:

¢ provide new information or

¢ provide information in new forms.

The obvious sort of information that comes from a GIS is in graphic form: the
map. However, there are many other ways to convey information about the
environment—some more attuned to the style of the decision maker than the
casual user.

Don’t Ignore Character-Based
Information

Character-based information is the sort that many decision makers are most used
to using but graphic information is the form that most planning professionals



who advise decision makers deal with in formulating their recommendations.

Some humans, perhaps innately, are better at dealing with graphic information
and some with character-based information. There is also physiological evidence
to suggest that the two different types are processed by different hemispheres of
the brain. One might draw a parallel with left-handedness and right-handedness.

It is not my purpose to suggest (or deny) that each person has an inherent
dominance of ability to process character-based or graphic information but to
point out the danger that an individual may well naturally opt for information in
a particular form—just as her or she might naturally use a screwdriver with his
or her left hand—when another form might be more appropriate in helping the
person gain the necessary insights needed.

GISs can provide both character-based and graphic information, and any GIS
that is used to provide only one type may be missing a good bet.

Don’t Hesitate to Sort Information

For example, suppose some 348 “areas of critical environmental concern” have
been nominated and an identification code attached to each; your GIS has the
information to calculate a factor between 1 and 100 that suggests the degree of
danger to which each is subject. The output you envision is a list, in order of
identification code, with the “danger factor” printed out in an adjacent column.
As you begin to use the output, you discover yourself looking through the list to
find the area with the highest factor, then the next highest, and so on. At this
point, while all that you want is there, it clearly could be in a better form: in
order of the danger factor rather than (or in addition to) the identification code
order.

Consider Hard Copy

Consider the use of a GIS in some applications to have it print out lists, catalogs,
or tables of numbers—of which 99 percent are never viewed. This type of output
can be replaced on a periodic or as-needed basis. There is also the option of
putting such information on the Internet, but that may make it less accessible in
some instances.

While printing a lot of paper sounds wasteful, it may be cost-effective.



Consider the example of a telephone book. Despite duplication, paper, and
distribution costs—and the fact than an information service is provided over the
phone—it is less costly to organize and provide mostly unwanted information to
each customer in a region rather than respond dynamically to the customers’
need for information at a particular point in time. On the other hand, the phone
company does not provide a list of subscribers for the entire nation. The key
point is that the issue of product utility and cost must be looked at in a
comprehensive way—not just in terms of time, materials, or human effort alone.

Consider Balance in Product Content

In the design of a product, there should be a balance between simplicity and
generality. In one sense the best product is the one that speaks directly to the
decision maker, respecting her or his particular abilities, relating to the issue he
or she is dealing with. On the other hand, it is nice to have a product of such
good design that it can serve the decision maker, his or her advisor, those in
other areas, perhaps the public and the courts. Mapmakers, of course, are well
aware of this design problem. A map’s usefulness is increased by adding a new
type of information and yet decreased at the same time because the map
becomes more cluttered. A map that “shows” everything shows nothing, because
it is black.

Elements of Product Design

Product design is an art that marries what is possible with what is needed. Many
factors go into successful design:

e Examination—Of products from other systems

e Innovation—The ability to conceive of more meaningful ways to display
information within the constraints of the devices which put the information
together

¢ Refinement—Of products that the GIS is already producing by obtaining,
and heeding feedback from users of the product

¢ Knowledge—Of what data are required (and the other characteristics of
those data) to produce the necessary information

e Lack of bias—Toward either character-based or graphic information and an



ability to provide information in the best format for the given customer

Units, Projection, and Scale

In Kentucky, eight different coordinate systems for spatial information are in use
by state agencies alone. No doubt, other states share this problem. How should
distances on a map be presented—metric or otherwise? What shows up on the
product should take into account the nature of the audience. If you can, avoid
cluttering products with multiple coordinate systems. If the user doesn’t mind
the maps looking weird, you might make the map using latitude and longitude
coordinates. Usually though, users like maps whose scales are consistent in all
directions.

Thoughts on Resolution and Scale

Resolution is, basically, the smallest length in ground units at which the identity
or characteristics of something can be resolved by looking at the product. For
example, what is the diameter of the smallest object that can be seen in an aerial
photograph? Clearly, the answer depends on several factors besides the diameter
of the object. It involves the reflectance of the object compared with the
surrounding ground, the quality of the vision of the person looking at the photo,
and the scale of the photo. An 8 x 10 photo of Arizona might allow only an
object the size of Phoenix to be visible. Through enlargement of the same photo,
however, it might be possible to increase the resolution so that an object 100 feet
across could be identified. If further enlargement—no matter how extensive—
does not allow identification of objects with diameters smaller than 100 feet,
then the resolution of the photo is said to be 100 feet. Thus, it is obvious that
resolution and scale are closely linked—the larger the scale, the greater the
resolution—up to a certain limit. Beyond that limit, no further information can
be obtained from the product simply by enlarging the scale. In previous exercises
you have had the experience, looking at raster images, of watching the
information disappear as you zoomed in.

If a specific ground area is to be covered, designers must then weigh the
relative factors of size, scale, and resolution to determine the most appropriate
method of producing an information product. Too often, these determinations are
made without sufficient thought, or are influenced by habit and conference room



table size. The issue of appropriate scale must be considered early in the process
because some GIS products utilize overlays and base maps of other materials to
make them meaningful. Obviously, a nearly exact physical match must occur.
Further, the size, scale, and resolution of both base maps and overlaid products
must be appropriate. It is worth mentioning here that reproductions of paper map
output, from any source, are not always the same size as the original—and hence
do not have the same scale as the original. Unfortunately, statements regarding
scale printed on the map, such as 1 inch = 1000 feet, are reproduced along with
everything else, creating a built-in lie.

Making Sure There Is a Base Map

Your GIS will include, probably, a multitude of layers. The existence of a base
map—a cartographically or photographically produced product of, usually, great
accuracy, high precision, and great detail to which all other products of the GIS
can be referenced—is essential. To attempt to build GIS products without first
developing (or otherwise obtaining) a geographic base map is folly. But be
aware: To use primarily GPS to create GIS data sets intended to serve the base
map function is a monstrous undertaking.

Measure of Quality Assurance

One of the values of a GIS is its capability to combine different types of
information that have the same geographic base. For example a user might need
a map displaying a single variable derived from a combination of soil type,
bedrock type, and depth to bedrock. An important aspect of the defining
information of a report combining these three variables is the confidence one can
place in the accuracy of the resultant information. Each of the constituent
individual variables is stored in the database and each has its own characteristics
of precision and accuracy—measured in terms of geographic coordinates and the
values of the variable. Therefore, just as the values of the three individual
variables are combined to produce a single variable, the precision and accuracy
attributes of these variables should be combined—according to appropriate
numerical techniques—determine the accuracy of the final result. Statements of
accuracy should be included as part of the resultant report.

The process of assessing accuracy is not always easy, nor are the results



always encouraging. For example, in a study done by the Australian
Commonwealth Scientific Industrial Research Organization a number of years
ago, involving three variables, an analysis was made of the output. When
particular points on the Earth’s surface were picked out and “ground truthed,” it
was found that at least one of the constituent variables was incorrect more than
60 percent of the time. The implications for the accuracy of the combined report
are obvious.

Frankly, the lack of sufficient quality reporting of derived products is a major
shortcoming of all commercial GIS software.

The Decision Maker—Product
Interface

The act of a decision maker sitting down at a computer terminal is one that cuts
out virtually all the “people buffers” between the decision maker and the
computer. Many decision makers will not want to spend the time necessary to
either learn or operate the software. There is also a certain element of justified
fear involved for even the ablest individual in doing something new with others
looking on.

A person familiar with the product (including the assumptions underlying it
and other products that might be useful to the decision makers) should be present
when the product is used. People charged with making decisions have a way of
asking questions no one thought they would ask. Anyone who presumes to
provide them with new information in new forms had better be ready.

The person charged with the responsibility of understanding and explaining a
document is also in an ideal position to recommend changes in the document’s
structure or information content based on conversation with the users of the
product. The dissemination of a product containing information is very much a
two-way street and relies on user feedback for its successful continuation.

Often, user needs are not correctly perceived by product designers. Further,
user needs change. These and many other factors suggest that a continuing
dialogue between the providers and users of information products must exist.

It may be that, instead of having a person assigned to a particular set of
products as the interface between the decision maker and the product, personnel
will be assigned as liaisons to various departments using the products.



Whichever scheme is chosen, personnel charged with the function of providing
an interface between products and decision makers should meet among
themselves regularly to aid in improving the effectiveness of the GIS operation.

In Summary

You can see that the number and diversity of potential information products from
a GIS are almost unlimited. These products, however, are useless if they don’t
fill a need or if they are inappropriate for their intended audience. The song,
“Alice’s Restaurant Massacree” by Arlo Guthrie contains the line: “. . . and the
judge [with the seeing-eye dog] wasn’t going to look at the twenty-seven 8 by 10
color glossy pictures with the circles and arrows and a paragraph on the back of
each one. . .”

Design of an information product must, of course, proceed from an
enlightened view of the data used to support it. Equally important, however, is a
clear understanding of the needs of decision makers or administrators who will
be using it.

'Probably said because the tools weren’t there to make high-quality maps and
because it lets amateurs like the author, with all the artistic ability of a can of
spray paint, make maps.

:Snow, C.P.,, 1961. Science and Government. London: Oxford University
Press.

‘This phenomenon is well known to those who use successive versions of
software packages and see them become increasingly complex and difficult to
learn and use. Nice, compact, simple programs become nightmares of
complexity as bells and whistles are added. True improvements become
obviated by changes in the graphical user interface. The problem is related to
the need for corporations to bring out new versions that will make older
versions obsolete—and hence create income for the businesses.

‘The availability of the Internet has changed this somewhat, although looking
up a number in a paper-based directory is sometimes preferable to dodging
advertisements and dealing with sites that want to sell you the information.
Many people view the Internet as a way to make money and they don’t mind
inconveniencing users if they think they can achieve that aim.



Chapter 3

Products of a GIS: Maps and Other Information
STEP-BY-STEP

Open your Fast Facts text or document file.

Open the Color Figures file, so you can see the illustrations in more
detail.

Up until now the maps you have worked with have fundamentally been
portrayals of geographic data. However, if you look at any map that is produced
commercially or by government sources, you will notice that the spatial data
reside in a context of other text and graphics. For example, you will probably
find a title of the map, an arrow indicating the north direction, a legend showing
the scale, and so on. Also, a single map sheet might consist of several maps at
different scales or maps showing different data from the same geographic area.
While you can print a map directly from the sort of ArcGIS view you have been
working with, ArcMap has capabilities that let you produce a map with the
additional elements that form sophisticated cartographic products.

While the thrust of this book is to lay groundwork so that you can use GIS to
do geographic data analysis, synthesis, and modeling, I would be less than
candid if I didn’t let you know that the most popular use of GIS currently is to
display, in map format, geographic information. This chapter gives you the
beginnings of how that is done. Of course, when you do use GIS to do analysis,
you will need to display the results, so what follows is essential. Before we
launch into how this works you need to know some terminology:

e Feature—A representation of a real-world thing, like a house, a city, or a

pipe

e Object—A point, line, network, or area that represents a feature

e Layer—A set of objects that represent a number of features

e Data frame—One or more layers, each displayed in a particular way (scale,

style, etc.)

e Layout—One or more data frames, with optional tables, graphics, and so on

—the finished graphic and text product that will become a map sheet.



The Data View and the Layout View

To use ArcMap to make maps, you need to be aware of two distinctly different
ways of displaying geographic data: the Data View and the Layout View. The
Data View is the view that you are familiar with. The main ArcMap window
shows the datasets you have selected; they fill the window pane. In the Layout
View you see an image of a map sheet meant to be displayed or printed. In this
view you “lay out” the map elements, including the images from datasets that
make the map a true cartographic product. A lot is involved in transforming
geographic data into a map worth the name. You discover how to begin the
process in the exercises that follow.

Exercise 3-1 (Warm-up) Templates A template in ArcMap is somewhat
like a preprinted sheet of drawing paper. It can be almost blank or can
contain graphics and/or data. We start by looking at some examples:
__ 1. Start ArcCatalog. Copy the folder Trivial_GIS_Datasets from

[ JIGIS-Arc to ___ IGIS-Arc_Yourlnitials. Make a connection to this
new folder. Under __ IGIS-Arc_Yourlnitials create a new folder named
Map_Making. Make a connection to this folder also. Launch ArcMap
from ArcCatalog. (By the way, folder connections are easy to make, and
even easier to get rid of. So, disconnect folders when it’s likely you won’t
need them again soon. This will keep things more organized.) _____ 2.
When the initial ArcMap dialog box—Getting Started—comes up
(assuming it does?) select My Templates from under New Maps within
the left pane. One template (probably the only one) will be called Blank
Map. It is based on Normal.mxt—the one you get when you start fresh
with ArcMap. It is a file whose location on disk is given below the
selection areas of the Getting Started window. The file extension of all
templates is .mxt; look for it. Write down the location of (the path to) the
file Normal.mxt.? Do not click OK.

____ 3. Find the Traditional Layouts under Templates (which is under
New Maps). Click. In the upper-right corner of the window you will find
that you can choose to see the Traditional Layouts in a List, as Large
icons, or Thumbnails. Choose Thumbnails. Among your choices of
templates here are LandscapeModern. Single-click the thumbnail. See
Figure 3-1. (Stretch the window if necessary to see three columns of



Layouts.) Write down the location of the file LandscapeModern.mxd.
Notice the file extension is MXD and not MXT. (This file is sort of a
cross between a template and a map, because it contains information that
make it easier to start a published map, once you put your data in it.) Do
not click OK.

FIGURE 3-1
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4. In general, all ESRI-supplied templates, except Normal.mxt, are
stored together in a MapTemplates folder. By using the up and down
arrow keys, you can see miniatures of several templates. Look at some of
the other templates. Do not click OK.

__ 5. Make sure that LandscapeModern.mxt is highlighted. Now you
may press OK. This makes LandscapeModern the template for the
current ArcMap document, as you can see from the map display area
window.

6. In Customize > Toolbars make sure there is a check mark beside
Layout. Locate the Layout toolbar. It will look something like this:

&R M S R E 2%~ | B E i B

Some of the icons will seem similar to those in the Tools toolbar, but




note that most include the image of a page as well. These tools are for
working with map layouts and they operate somewhat differently, as
you will see shortly.

_____ 7. Examine and use the map template: There is some tiny text in the lower-right box of the
template. Zoom in on it (using the + magnifier on the Layout toolbar) by dragging a box around
the text. What does it say? Click the Select Elements tool on
the Tools toolbar and double-click the text you zoomed in on. A Properties window pops up with
the Text tab active. In the Text box, type Just Playing (replacing the text that is already there) and
press Apply. (Move windows around as necessary to see relevant parts of the screen.) In the
Properties window press Change Symbol, which brings up a Symbol Selector window; make the
text red, bold, Arial, 36 point. Click OK, then Apply, then OK.

____ 8. Use the Zoom Whole Page button® in the Layout toolbar to see the entire layout again. If
necessary, click again on the Select Elements tool on the Tools toolbar. Using what you learned
above, change the text you put in previously to More Play and click Apply, then OK. When the
cursor is inside the selection box, you should see a cursor that has four arrows. Using this cursor,
you can now drag the text around. Drag the text to the center of its box.

9. Now (on your own): In black, underlined, bold, italic, 40-point Arial, enter a title at the
top of the layout that reads I’'m Done Here. Center the title.

Exercise 3-2 (Project) Templates That Contain Data

__ 1. Using File > New,* in ArcMap, pick and click either the USA
template category or the World category, depending on where you live.
By flipping between the three buttons at the top of the New Document
window, under the red dismissal X, you can look at the possibilities in
different ways. Pick a template that contains your region. Click OK. If
asked, don’t save your previous layout. What template did you pick?

Notice that the titles of the Layers in the Table Of Contents (T/C)
reflect your choice and that a number of data sets—Capital Cities,
Rivers, etc.—are represented. Notice also that the map window
contains a title, a scale bar, and a legend. The thin black line
represents the boundaries of the page that may be printed. You should
also see rulers along the top and left side.:

__ 2. Switch between the Layout View and the Data View: From the
View menu, pick Data View. You will see the sort of map display you are
used to seeing, without titles, scales, and so on. Now pick Layout View
from that same menu. For a shortcut way of switching between the two
views, locate the four icons to the left of the horizontal scroll bar at the
bottom of the window.! (See Figure 3-2.) The leftmost one, an Earth
symbol, is the Data View. The next, a page, gets you the Layout View.



The third is a refresh button, should the display not look quite right and
you want it “repainted.” The fourth pauses the drawing. Flip back and
forth between the two sorts of views.

FIGURE 3-2
[@a| 2 n

__ 3. Select File > New again. In the New Document window, locate
the text “ What is this?” relating to the Default geodatabase for this map.
Click it. Read the first two paragraphs. If later you are confused about the
“Home” folder and default locations you can come back and read more.
Dismiss the Help window.

__ 4. Click the title bar of the New Document window, and then pick
the USA template category (New Maps > Templates > Traditional
Layouts > USA). Click SouthwesternUSA, and then click OK (not saving
changes from the previous map). The map pane comes up in Layout
View. (See Figure 3-3.) Observe it, then switch to Data View.

FIGURE 3-3
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__ 5. Since geographic data sets are being shown, there is likely to be
some underlying coordinate system. Determine what it is: Right-click the
map, then in the menu that presents itself, click Data Frame Properties to
bring up the Data Frame Properties window. Select the Coordinate
System tab. What is the coordinate system? What
is its Central Meridian? degrees. What is the Latitude of Origin?




degrees. Look under the General tab; what are the Map Units?
Check that the Display Units are Miles. Click
Apply if necessary, then OK.

__ 6. Using the buttons at the lower-left, switch back to the Layout
View. When the cursor is on the map proper (the area where geographic
features are being shown), two types of coordinates are displayed:
geographic (map) coordinates and page coordinates. Place the cursor at
the lower-left corner of the map proper. What are the approximate
coordinate values?
Map: Easting Northing
in (units) Page: X-coordinate Y-coordinate
in (units) Do the same for the upper-right
corner of the map proper: Map: Easting Northing
in (units) Page: X-coordinate
Y-coordinate in (units) By
the way, it is easy to confuse latitude and longitude. It is also easy to
confuse easting and northing. Usually latitude is given first when
coordinates are in degrees, but usually the x-coordinate (easting) is
given first when you are operating in a Cartesian coordinate system.
Note that these orders are the reverse of each other.

Now check out the lower-left and upper-right coordinates of the entire
rectangular map page, as delimited by the thin black lines.

Lower-left page: X-coordinate Y-coordinate
in (units) Upper-right page: X-coordinate
Y-coordinate in (units)

Controlling Your View of the Map: Zooming The two sets
of zooming and panning controls take some getting used to.
Let’s look at zooming first. If you are in the Data View, the
Layout toolbar is inactive. However, in the Layout View,
both toolbars may be employed; their tools have different
effects.

____ 7. Go into Data View. Using the familiar Zoom In tool, drag a box around Colorado,
leaving significant margins around the state boundary. You will be able to make out the
word Colorado and may be able to see the green star symbol representing the capital city,
Denver. Zoom up on that area by dragging about a 1-square-inch box around it. Notice that
the place names and the symbol get no larger, but you see more detail of the highways.
Notice also that the state name Colorado is visible, having moved from where it was before



into your view. Zoom in again tightly on Denver and its symbol. Again you see “Colorado.”
And again, the symbols stay the same size.

___ 8. Click the Go Back to Previous Extent button until the entire state of Colorado is
shown again.? Switch to Layout View. Now using the Zoom In tool on the Layout toolbar,
zoom in on Denver. Notice now you don’t see “Colorado,” that Denver’s star is larger, and
that the roads are shown with wider symbols. The lesson: When you use the magnifier on
the Layout toolbar, the Zoom In feature really does act like a magnifying glass; that is, in
addition to seeing a smaller area in more detail, the graphics and symbols get bigger.
Further, the text symbols do not relocate as they do in the Data view. In the Layout toolbar,
click the Go back to extent button so that the entire state is visible.

In the Layout View, the zoom buttons simply let you view the map—geographic elements, title

block, text, and so on—with different levels of magnification. Zooming and panning do not

move the labels and symbols of the map.
_____ 9. Experiment with the buttons on the Layout toolbar: Zoom using the Zoom In tool
on the Layout toolbar, so you can see the Denver area (green star) and the highways
surrounding it. Notice again how place names, highway detail, features, and boundaries
become larger as you zoom in. Again recall that this is different from your previous
experiences with the Data View zoom control. Now use the Identify tool to click on the
highway that goes out of Denver toward the west. What is the route number of that
Interstate? . How long is it? . Click a
tab at the bottom of the window so you can see the T/C again.
____10. Determine the use of the Zoom to 100% button (labeled and depicted 1:1) on the
Layout toolbar: Use the What’s This (?) button (in version 10.0) or mouse over the 1:1
button in version 10.1. Try the button. Notice that the text box on the Layout toolbar reads
100%. Then press the Go Back to Extent button. What does the text box read now?

_____11. Click the Zoom Whole Page button. The entire layout returns, title block and all.
(This button will be your good friend in a number of circumstances—use it often.) Try the
other Zoom buttons, the Go Back to Extent and Go Forward to Extent buttons, and the
Zoom Control text box. Experiment with panning the map sheet at different levels of zoom.
Notice that the information provided by the rulers changes as you zoom and pan.

__ 12, Observe the scale text box on the Standard toolbar. Press the Zoom Whole Page
button again. Notice that the scale on the Standard toolbar does not change when you
change the zoom level with the Layout toolbar, because you are merely looking around a
“paper” map, studying different parts of it with a magnifying glass.

___13. Experiment by flipping back and forth between the two view types at different
levels of magnification. Remember, you can alternate views easily by using the two mini-
buttons at the left of the horizontal scroll bar. Go into Data View. The Data View of this
template includes a lot of territory, as you can see by panning. On the Tools toolbar, press
the Go Back to Previous Extent button (repeatedly if necessary) to get the overall map of
Colorado again. Return to Layout View, and use Zoom Whole Page. If the map does not
show exactly what you want, alternate between Data View and Layout View, panning and
zooming, until you get the desired result. (For each of the following operations, read the
Status bar (version 10.0) or the ToolTip (version 10.1) to see what the button is intended to
do.)

Understanding the Panning and Other Controls
14. To eliminate any confusion after all that map



manipulation, let’s start over: Click File > New, pick the
USA template category, click SouthwesternUSA, and click
OK. Again, if asked, don’t save your previous layout. In
Data View, zoom in on Colorado, as before. Change to
Layout View. (For each of the following operations, read the
ToolTip (and maybe the status bar, depending on the ArcGIS
version you are using) to see what the button is intended to
do. If you want more information remember that the What’s
This? tool could be useful.) Using the “hand” icon on the
Tools toolbar, pan over to Utah. Get back with the Go Back
to Previous Extent button. Now pan the map by dragging it
using Pan on the Layout toolbar. Notice this simply moves
the entire layout (and adjusts the rulers so that the same ruler
numbers intersect at the same geographic features). Return to
the original image by using the Go Back to Extent button on
the Layout toolbar. Pan again. Go back this time with Zoom
Whole Page.

__15. The image of Colorado looks crooked on the page.
The Albers projection does this for areas not near its central
meridian—in this case, 96 degrees west. On about what
meridian does Denver lie? degrees. (Hint: check
the Status bar). The boundaries of the state are in fact
parallels and meridians of the latitude and longitude
coordinate system, so it would be nice if they ran east-west
and north-south. Fix the crooked image by clicking
Customize > Toolbars and make sure that Data Frame Tools
is checked. Then, type the desired number of degrees of
counterclockwise rotation into the text box in the Data Frame
Tools window that appears. Try 3 degrees and press Enter.
Not enough? Clear Rotation and try 6 degrees. (If you
wanted a clockwise rotation, you would use a negative
number.) Still not satisfied? Try the Rotate Data Frame
interactively tool. Finish up by using a rotation of 6 degrees.




Dismiss the Data Frame Tools tool bar window.

___16. Since you have changed the scope of the data, the
title on the map is now incorrect, so change it: In Layout
View, press the Select Elements button on the Tools toolbar.
Click various places on the map proper and on the other parts
of the page. Notice the blue rectangles and “handles” that
appear. Note that multiple clicks in the same location
sometimes result in different selections. You could resize
these elements and move them around—>but don’t. Zoom in
on the area of the title of the map, using the Layout toolbar
zoom. With Select Elements active, click the title of the map.
A faint blue line should appear around the text of the title; no
handles should be seen. (If this doesn’t happen the first time
you try, keep trying.) Right-click and select Properties.
Under the Text tab, type Colorado. Press Apply, then OK.
__17. Pan and zoom (using the Layout toolbar) to the left
end of the title box. Check out the Legend.

__18. Pan to the right end of the title box. Check out the
ESRI logo (in version 10.0), scale bar, and the Coordinate
System. See Figure 3-4. Verify the Central Meridian and the
Latitude of Origin.

FIGURE 3-4
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Adding Other Map Elements The layout has no north
arrow. Let’s put one in. We’ll erase the Coordinate System
information and put the north arrow there.



19. With the Select Elements tool, click the Coordinate System text so that it gets a
selected border. Tap Delete on the keyboard.

__20. Hmmm . . . on second thought maybe erasing that information isn’t such a good
idea. An “undo” command is in the Edit menu, but let’s try the universal undo: Ctrl-Z.
Bingo! (You will put that in your Fast Fact File, won’t you?) ____ 21. If you are running
version 10.0 you will see an ESRI logo. Delete that to make room for a north arrow.

__22. Click North Arrow on the Insert menu. Pick ESRI North 6 and click OK. It
appears, selected, with handles, on the Layout. If you place the cursor over one of the
handles, the cursor changes to a double-headed arrow. If you drag the handle with this
cursor, you can resize the selected element. Resize the arrow that appears and drag it into
the legend/scale area. Press the Esc key, (or click somewhere away from the arrow on a
blank area) to unselect the element and, thus, turn off the handles. Then, move the elements
around to make things look neat. Examine the result. See Figure 3-5.

FIGURE 3-5
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Well, that’s annoying. Upon inspection it appears that the North Arrow doesn’t seem to
be pointing quite north. We went to some trouble to line Colorado up so its meridians
were as north-south as possible,? and now apparently our actions to rotate the map 6
degrees are reflected in the direction the North Arrow is pointing. In general, that is
probably a useful feature (rotate an image and the North Arrow reflects the change), but
here it is causing us a problem.

23. Select the arrow and right-click it. Select the Rotate or Flip button from the menu
that appears. The options to Rotate Right or Rotate Left appear, but they are grayed out. Use
Esc to get rid of the menus.

___24. Delete the North Arrow. Let’s try Insert > North Arrow ESRI North 6 again to see
if there are any options to change the angle of the arrow. Maybe look at Properties.
Calibration Angle looks promising. Since we rotated the image 6 degrees, perhaps we
should also rotate the North Arrow by 6 degrees. Try that.
____25. That’s better. Resize and position the arrow.
The preceding digression, in which we explored putting in a North Arrow that looked
right, is illustrative of how you sometimes must use ArcMap. Very few people know all
the software well enough to apply it in all situations. Sometimes you just have to tinker
with things. Generally there is a way to do what you want to do—it just may be hidden
in cascading menus.

____26.Zoom in on the scale bar. Select it. Fatten it slightly (vertically). Shorten it. Notice
that as it gets shorter the numbers change. These numbers reflect what the actual scale of the
map would be if it were printed out on paper. Play with the scale bar until it shows 100
miles. Center it. Press Zoom Whole Page.



____27. Begin, but don’t complete, the process of saving by using File > Save As. Notice
that ArcMap wants to save this as an MXD (map) document rather than a template. (You
could save it as a template, but you would want to be sure to give it a new name—so as not
to overwrite the default template.) One point of this exercise is to show you that you can use
the template capability of ArcMap to access, and save for yourself, already developed data
sources.

28. Save the map as Colorado.mxd in ___IGIS-Arc_YourlInitials\Map_Making.

Exercise 3-3 (Major Project) Data Frames A data frame is a “visual
container” for layers in ArcMap. Up to now you have been working with
data applied to a single data frame—named “Layers” by default. But Arc
lets you work with multiple data frames. Among other advantages, this
lets you make a map that shows different datasets and also data at
different scales on the same map document. In the Layout View, multiple
data frames may be seen. In the Data View, only the datasets in one data

frame (that is, the active data frame) are displayed.
1. Use Ctrl+N to bring up the New Document window In ArcMap. Select New Maps >
Traditional Layouts > LetterLandscape. Open it by clicking OK.

2. Now make certain that you are looking at a Data View, not a Layout View (View >
Data View).

3. Make two new data frames: Select Insert > Data Frame, and then Insert > Data
Frame again. Note that, in the T/C, the name of the last data frame you create appears in
bold type. This is the active data frame. There can be only one active data frame at a given
time.

4. Change the name of the active data frame from New Data Frame 2 to LINES by
right-clicking the name, selecting Properties, pressing the General tab, and typing in the new
name in the Name text box of the Data Frame Properties window. Press Apply, then OK.

____ 5. Make New Data Frame active by right-clicking the name and clicking Activate.
Now click the layer names LINES to highlight it. Notice that New Data Frame is still in
bold, while LINES is not. New Data Frame is the active data frame; LINES is the selected
data frame.

6. Change the name of New Data Frame, using a different way than you did
previously: click on the name, wait a full second, and click its name again. You will be able
to type the new name—call it ALL. Press Enter.

7. Highlight the data frame that is labeled Layers and change its name to POINTS.

Adding Data to Data Frames You have to be careful here.
If you use the Add Data option from the File menu, or use
the Add Data button on the Standard toolbar, a data set is
added to the active data frame. However, if you right-click a
data frame name and get the menu that says Add Data
(showing the Add Data icon), the data will be added to the



selected data frame, regardless of whether it is active or not.
In other words, Add Data operates differently depending on

the source of the command.

____ 8. Make POINTS the active data frame. Then add the shapefile ____ IGIS-
Arc_YourlInitials\Trivial_GIS_Datasets\some_points.shp to the POINTS data frame. Now
right-click the name some_points in the T/C. Examine the Properties of the shapefile named
some_points. What is the Projected Coordinate System (under the Source tab)?
. Using the Measure
tool, determine the approximate distance covered by the data set in an east-west direction to
the nearest tenth of a meter. meters.

9. Activate the LINES data frame. Add the geodatabase feature class some_lines_arc, found
in ___IGIS-Arc_YourlInitials\Trivial_GIS_Datasets\Carto.mdb to the LINES data frame. Change
the name to just “some_lines”.

10. From ___ IGIS-Arc_YourlInitials\Trivial_GIS_Datasets, add the polygon
component of the coverage some_polygons to the ALL data frame. Change the
name to just “some_polygons”.

__11. Switch to the Layout View. Something of a mess appears in the map
pane. All three of the data sets, albeit at different sizes, are put in the same place.
Make the Select Elements pointer on the Tools toolbar active. Move the pointer
to the approximate middle of the pane and click. A box with eight blue handles
appears. Click again, and again. What is happening here is that you are clicking
inside all the data frames at the same time, so different data frames are being
made active. Keep clicking (slowly—don’t double-click), noticing now the data
frame names in the T/C. With each click a different data frame becomes active,
as you can tell from the bold font.

The data frame boxes will not all be the same size, nor will the
images inside be the same scale. We will fix the scale problem now
and worry about the aesthetics of making the boxes the same size
later.

__ 12, Make ALL the active data frame by clicking the map area until the
name ALL in the T/C becomes bold. Within the Data Frame you should see
a cursor that has four arrows as well as the pointer. Using this cursor, you
can now drag the data frame around. Drag the ALL data frame to the lower-
right corner of the layout. Make the LINES Data Frame active and drag it to
the upper-right corner of the layout.

If you place the cursor over one of the handles, the cursor changes



to a double-headed arrow. If you drag the handle with this cursor,
you can resize the data frame and the image inside it. The image’s
dimensions remain proportional—which is good, since it contains
geographical features and you wouldn’t want to change their
proportions.
__ 13. Make the POINTS data frame active. Drag the handle in its lower-
right corner towards the upper-left corner, reducing the size of the data
frame. Make its location the upper left portion of the layout, below the title.
__ 14, Drag a box around the legend, north arrow, scale bar and text,
selecting all of those elements together. Drag the whole works to the lower-
right bottom corner of the map sheet, pretty much on top of the ALL data
frame. Select the ALL data frame and drag it to the lower-left corner of the
layout.
__ 15, Using the tools you just learned about, move and resize the three
maps so that the boxes around the data look approximately like Figure 3-6.
Don’t worry if the geographic elements don’t seem to be the right size. (If a
data frame doesn’t appear to contain all the data, right-click on its dataset
and zoom to layer.)

FIGURE 3-6
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Recap: When you see several data frames in the Layout View, you
may click in any one of them to make it active. Your choice will be
reflected by the bold font in the T/C and the look of the data frame
(with blue handles or dashed lines) within the layout space.

__16. Click the POINTS data frame, in the map pane, to make it active.

Check the T/C for the bold font. Notice also that the Map Scale text box on
the Standard toolbar reflects the scale of the map in the data frame.

A Summary of the Graphic Indicators

¢ A blue dashed-line rectangle, with or without handles, indicates a selected
element or data frame. Multiple elements or data frames can be selected by
clicking while holding down the Ctrl key, or by dragging a box.

e A line of black dashes around a data frame indicates that it is the active data
frame.

e Just for completeness: A hash-mark border around the active data frame
indicates that the frame is “in focus,” which means you can edit what is in



the data frame in the Layout View. (Normally you can only edit within a
data frame when you are in Data View. This is a subject for later.) If you
double-click a data frame, you put it in focus.

Tinkering with the Map—Scale Bars
______17. Make sure POINTS is the active data
frame. Using the Layout toolbar, zoom in on
the scale bar. What number appears at its left
end? . Right end?
Flip to the Data View.

______18. Now select the other Zoom In tool—
the one on the Tools toolbar. Drag a box
around the points that make the “P.” Go back
into Layout View and look at the scale bar.
Now what are the numbers at the ends of the
scale bar? . Now
select Zoom Whole Page. Notice that you have
made the “P” in the POINTS data frame much
larger, and that the change was reflected in the
legend of the scale bar.

__19. Flip back to the Data View and zoom
to the some_points layer. As you return to the
Layout View you can see that the scale bar has
changed back to about the original number.:




_20. Click on Zoom Whole Page. In the
Layout View, select the POINTS data frame.
Drag the box larger. The box becomes larger
but the contents stay the same size. Move the
borders of the box back. Now use the Zoom In
tool on the Tools toolbar—making the ”A”
larger. Note that the scale on the Standard
toolbar changes. Also the scale on the map
legend changes.

There are three ideas to be understood here:

e The scale bar dynamically keeps up with the true map scale. It may not
appear so on the screen, but it will be pretty close to right when the map is
printed out or when you select the Zoom To 100% (1:1) button.

e The scale of the geographical elements shown on the map is controlled by
the Tools toolbar buttons and by the size of the data frame on the layout,
while the portion of the map shown on the screen is controlled by the
Layout toolbar buttons.

e The scale bar is keyed to the POINTS data frame—because POINTS was
the original, default data frame (originally named Layers, which you
changed to POINTYS) that came up with the template. If you wish, you can
go through steps 17 to 20 above with one of the other data frames and notice
that the scale bar does not change.

__21. Make sure you are in Layout View, whole page. Adjust the three
data frames so they are about the same size. Since the scale bar applies only
to the POINTS data frame, click the scale bar and drag it inside that data
frame.

_ 22, Activate the LINES data frame. On the Insert menu, pick Scale
Bar. Choose Stepped Scale Line since it most resembles the scale bar on the
POINTS data frame. Under Properties make the Division Units Meters. OK.
Position it in the LINES data frame, shortening it as necessary. Zoom in on



the Layout so that you can see both the scale bars better.

Well, heck. Unfortunately the two scale bars don’t agree. That is
because the data sets, although they cover about the same territory,
are shown at different scales. Let’s use a common scale (e.g.,
1:50,000) that will let the geographies fit comfortably in each data
frame.
__23. Zoom to whole page, make the Select Elements active, click the
POINTS data frame, and type 50000 into the Map Scale text box on the
Standard toolbar. (ArcMap knows you mean “1:50000” so that is what
appears when you press Enter.) Do the same with the LINES data frame.

___24. The scales of the two data frames are now the same, but the scale
bars differ in appearance and length. And since the data really beg to be
displayed at the same scale, it seems unnecessary to have multiple scale
bars. Select the LINES scale bar, right-click, and from the context menu,
select Delete. Drag the POINTS scale bar back where it came from.

25. Fix the scale of the ALL data frame to match the other two.

26. Add some_points and some_lines (changing the name as before) to
the ALL data frame. Save the map as PntLnPlygn_1.mxd in __ IGIS-
Arc_YourlInitials\Map_Making.

Legends

__27.Zoom in on the Legend and notice
that it applies only to the POINTS Data Frame.
Z.oom to the whole page and slide the Legend
into POINTS Data Frame’s lower-right corner.
______28. Make the LINES data frame active.
Select Insert > Legend. A Legend Wizard
window appears. Arc will let you pretty much
click through (Next > Next > Next) and come
up with a legend that is right for the data



frame. But, as you can see as you do this, the
user has lots of control over the appearance of

the legend. Slide the legend into the LINES
data frame.

__29. Make the ALL data frame active.
Insert > Legend. Because ALL contains three
different layers, you have some options about
what the legend will contain. The arrow keys
let you move layer names from one pane to
another. Arrange it so that the Legend Items
pane has only some_lines and some_polygons
in it, as in Figure 3-7. Set the number of
columns to 2. Finish the wizard. Drag the new
legend to the ALL data frame.

FIGURE 3-7
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__30. In the Layout View, zoom so you can
see the legend of the ALL data frame. In the
Data View, change some symbology (color,
width) of polygon and line features in the ALL
data frame. Check the Layout View. Notice
that the legend has automatically changed. If
you want a more drastic demonstration of the
automatic change, change symbology within
the T/C and watch the Layout View update.
Zoom Whole Page.

31. In Layout View Double-click the text



at the top of the map to enter a title. Call it
Exercise 3-3: Data Frames. Notice that you
could change a lot of the characteristics of the
text string used to title the map. Click OK.

__ 32. Beneath the scale bar, where it says
Text, change it to display your name. Also put
your organization’s name below yours by
going Insert > Text, which will bring up a tiny
text box somewhere on the map. Click
somewhere away from the word “Text” and
then drag the word to a spot underneath your
name. If you then double-click the word a
Properties window will appear that will let you
enter the name of your school or organization.
Also, with Change Symbol you can modify the
size of the text; use 12 point type. OK, Apply,
OK.

__ 33. Using File > Save As, save the map
as PntLnPlygn_2.mxd in ___IGIS-
Arc_Yourlnitials\Map_Making.

Use File > Map Document Properties to
bring up a window that describes the map.




There you could add information about the
map, as well as, get information regarding it.

See Figure 3-8.

FIGURE 3-8
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Exercise 3-4 (Mini Project) Looking at the Plethora of Mapmaking
Tools and Options The ability of GIS systems to make maps has
evolved over a period of some four decades. It has become quite
sophisticated. With that sophistication has come complexity. I wish I




could tell you that there is some underlying grand theory of automated
mapmaking, but there isn’t. The tools you are about to look at are a
monument to ad-hockery.

In this exercise, you get a look at only the links to the vast array of options that the serious GIS
mapmaker has in ArcMap. What follows will seem something like busy work, but it will serve
as a reference for you later, should you become more interested in making maps.
__ 1. With PntLnPlygn_2.mxd in ArcMap Layout View, click the ALL data frame to
select it and make it active. Now right-click the data frame. A menu of many possibilities
appears, all of which apply to this particular data frame. List them in your Fast Facts File,
starting with Add Data, thinking briefly about each and what it might do.
Done? Yes No

Run the cursor over each possibility that has a triangle pointer mark to note the options
within them. We will use a couple of them later.

___ 2. Click Properties to bring up the Data Frame Properties window, which you have
seen before. The window has several tabs. List them in your Fast Facts File, starting with
General, clicking on each one to see what comes up.

Done? Yes No

____ 3. Close the data Frame Properties window. Click somewhere away from any data
frame. Now right-click in that same place. A menu with many possibilities appears. These
choices relate to the map sheet as a whole. List the choices in your Fast Facts File. (Zoom
Whole Page, etc.) Done? Yes No

4. Click ArcMap Options to bring up an ArcMap Options window. You should see several
tabs. Click on each one while listing them in your Fast Facts File.
Done? Yes No . Close the ArcMap Options window.

You get the idea: Myriad possibilities for actions on your part. None
of them particularly complicated, as it turns out, but mind-boggling
when taken all together. What we have just done is to let you take a
first cut at seeing just the names that suggest the possibilities that lie
underneath.
In what follows, you will experiment with some of the data frame properties
and layout options.
_ 5. Right-click the layout page, somewhere outside all data frames, then
select the Layout View tab of the ArcMap Options window. You don’t want
the contents stretched when the window is resized (for geographic data this
is an unwelcome distortion). Show the horizontal and vertical guides. Show
a dashed line around the active data frame. Show the rulers, but not the grid.
On the rulers make the smallest division one-tenth of an inch. Snap elements
to the guides, but nothing else. Click Apply (if you changed anything), then
click OK.

6. Narrow the T/C and close or hide any other windows, so you have a



good view of the layout. Zoom Whole page. Right-click the horizontal rule
at the 1-inch mark. Click Set Guide. Notice the little arrow that appears and
the light blue vertical guide line. With the right-click menu, clear that guide.
Set it again. If the guide isn’t exactly on the 1-inch mark, use the double-
headed cursor and drag it over. (A “RulerTip” will tell you the current
position.) ___ 7. Actually, if you just click a point on the ruler, a guide will
be set. Set additional guides on the horizontal ruler at 5 inches, 6 inches, and
10 inches. Set guides on the vertical ruler at 1 inch, 3.5 inches, 4.5 inches,
and 7 inches. You will make the data frames fit into the rectangles created by
these guides.
You may have noticed that every time you change the size of a data
frame, the scale changes. If you want to keep, say, a constant 1:40,000,
you have to keep typing it in the scale text box. There is a way around
this.

__ 8. Pick a data frame and open the Properties window. Click the Data
Frame tab. Under Extent in the Data Frame Properties window select Fixed
Scale from the dropdown menu and type 40000 in the text box. Click Apply,
then OK. Notice that the Standard toolbar now shows 1:40,000, but the
number has a gray background—fixed at that value by the Properties
window. Prove this by greatly enlarging the data frame. Its content will not
change size. Return the data frame to a reasonable size. Set the scale on the
other two data frames to 1:40,000 as well.

__ 9. Grab a corner of a data frame and drag it close to an intersection of
guidelines, and release the mouse button. Notice that the boundaries of the
frame snap to the guidelines. Fix up all three data frames so that they fit the
guides.

__10. Use Pan on the Tools toolbar to slide the geographics up toward the
top of each data frame—center it as well as you can. (Notice that while Pan
is still an active tool, the zoom controls are disabled—because you fixed the
scale.) ___ 11. Use Select Elements to adjust the positions of the legends of
each data frame. If you are a perfectionist, you can fix up the sizes of the
legends texts so that they are all the same. To do this, select a legend, choose
Properties to bring up a Legend Properties window, and change virtually
anything you want about the appearance of the legend. Cancel the Legend
Properties window if you brought it up.

In the lower-right corner of the layout, you have a north arrow, scale



bar, and a place for your name and organization. In the next two
steps, adjust the position of each of those, so the layout looks like

Figure 3-9.
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___12. Zoom up on the lower-right quadrant of the map. Click the Select
Elements tool. Click the north arrow to select it. Right-click there, then click
Nudge > Nudge Left. The graphic moves a few pixels to the left. Actually, if
you simply tap the arrow keys on the keyboard, you can move the graphic
more quickly. Place the north arrow where you want it.

__ 13. Modify the name field: When you select text, you do not get the
sizing handles. Text sizing is done by a properties window, which you call
up by double-clicking the text (or by right-clicking and selecting Properties).
Do that, and then click Change Symbol. In the Symbol Selector window,
make your name bold in 24-point type, with the color red. OK everything
and observe the results. Move your name around so that it appears properly
placed.

14. Zoom to the whole page and observe the finished product. Save it



as PntLnPlygn_3. Print the map (Sometimes there are problems with
printing in ArcGIS—and even problems with viewing pages before printing.
If you have difficulty go to www.esri.com/support to search for a solution.)
Close ArcMap.

As you can see, many options for mapmaking exist within ArcMap.
We have but scratched the surface.

Exercise 3-5 (Major Project) Making a Map of the Wildcat Boat
Datasets

__ 1. Using the techniques and principles that you learned previously
in Exercises 3-3 and 3-4, make a comprehensive layout, showing the data
for the Wildcat Boat project. Use the geodatabase in ___ IGIS-
Arc_YourlInitials\Wildcat_Boat_Data.

The layout you create, which should look very much like the one in
the previous exercise with the “MAP” data frames, should contain
three separate data frames. Call those data frames:

e SOILS
e LANDCOVER and ROADS
e SEWERS and STREAMS

Snap the three data frame edges to the guidelines as you did in the
previous exercise. Use a consistent scale throughout. Use distinctive

symbols to indicate features. Use labeling as appropriate.
2. Save the map as Wildcat Boat Overview in ___IGIS-Arc_YourlInitials\MapMaking.
Print the map.

Exercise 3-6 (Major Project) Publishing Maps on the Internet
Publishing maps on the Web can provide a rich opportunity for getting
your information out to those that you want to see it. This can be very
involved, as when your school, company, or agency maintains a library
of dynamic maps on a server. Or it can be quite simple, through use of
Esri’s cloud.

In this exercise, you will use a service provided by Esri to make and store a map that can be
accessed over the Internet by anyone. This Exercise requires an Internet connection and that
you copy [___JIGIS-Arc\River to your personal folder

___IGIS-Arc_YourlInitials if you have not already done so.

I will make this exercise as simple as possible—asking only that you put the well-known
shapefile Boat_SP83 on some imagery that Esri provides—and then publish the resulting map.
Be aware, however, that the Esri cloud will allow you to upload all sorts of data and other


http://www.esri.com/support

elements, including layer packages (covered in the next exercise).
____ 1. Create an Esri Global Account: Open an Internet browser (Internet Explorer,
Firefox, or other—no guarantees that any given browser will work, given the variety of
them and the fact that they change all the time). Point the browser at

www.arcgis.com/home/signin.html

You should know that things on the Web change frequently. What
worked at the time this book was written may not work for you
now. So you may have to improvise—both in getting access to an
Esri Global Account and in putting your data in the cloud. However,
unless something has drastically changed, you will be able of put
data on a base map that Esri supplies.

2. Find the Create a Personal Account button and click it. Fill out the
form (See Figure 3-10.) Use the User Name®

FIGURE 3-10
Create A New Account

Complete the form below to create an account.

Username
Password
Confirm Password

First Name
Last Name
Organization
E-mail
Confirm E-mail
Phone Number

The following question and answer will help validate your identity in the event you forget your password.
Identity Question Select a question for password recovery. -

Answer

Terms of Use | Review and Accept the Terms of Use

Cancel

____IGIS-Web_YourlInitials.

Decide on a password. Note well from the Esri web site: User names are
6 to 24 characters in length. Passwords are 4 to 14 characters in length.
Use letters and numbers only for both fields. Both User Names and
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Passwords are case-sensitive, so be careful. It is a good idea to use a
password different from any others you are using—if someone learns
your global account password it’s probably no big deal, unless it happens
to also be the password you use at your bank! It’s also a good idea to note
the user name (somewhere) and password (somewhere else) so you will
have them the next time you access your Esri Global Account. Provide
the other information asked for in the form. Review and accept the Terms
of Use, and click on Create My Account. (You will have up to 2
gigabytes of storage available to you.)

__ 3. On the screen that appears click Edit my profile. If you want to, you
may add information to your account. Be aware that this is public
information, so be cautious about what you write. (If you go into the edit
screen, you have the opportunity to make the information Private—but, as
you probably know, nothing that you put into electronic form is guaranteed
to be private.) Click Save.

__ 4. Click ArcGIS at the left side of the ribbon at the top. Click Learn
More and browse the material. Dismiss that tab.

__ 5. Find the Sign Out button and do so. Close the Browser.

__ 6. Go to www.arcgis.com in a browser, and click on Sign in, in the top-
right corner. Click on Register your Esri Global Account. Provide the User
Name and Password that you used in creating your Esri Global Account.
Click Register. Accept the Terms of Use.

__ 7. Click on Gallery to view some interesting maps. When done, click
the Back button on your browser to return to the Gallery.

8. Click Map. Click Basemap. For a base map click Imagery. Examine
the image. Type the street address of a place that you know well. Observe.
Click the back button on the browser. Minimize the browser.

9. Using Windows Explorer, navigate to __  IGIS-
Arc_Yourlnitials\River Locate the files that begin with Boat_SP83, and
highlight them all together. (There will be a few of them; if there is one that
ends with “zip” delete it.) Right-click on the block of highlighted file names
and choose Send to > Compressed (zipped) folder. A file named
Boat_SP83.zip should appear in the River folder. Press enter to accept the
filename. This is the file you will send to ArcGIS.com.

10. Restore the browser with the arcgis.com window. Click Map. Click the
arrow next to Add to get a dropdown menu and select Add Layer from File. In
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the window that appears click Browse. Navigate to the zip file that you created
from the Boat_SP83 shapefile and select it. Your window should look something
like Figure 3-11. Click Open.

FIGURE 3-11
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__ 11. The Add Layer from File window should reappear. Click on the radio
button for Keep original features and press Import Layer. Wait while the file is
imported.

__12. The GPS track should appear, superimposed on the color orthophoto
basemap. Click with the mouse pointer on the last fix (the one near the island) of
the GPS track. What is the FID number of this fix? . What is the
northing (feet)? What is the easting? You
can slide the map around by dragging.

__13. Determine how to measure the length of the GPS track in Miles. (While
measuring you might have to be patient between clicks along the GPS track,




since this process is happening interactively, over the Internet.)

miles. Also under the Measure button you will find Location. Click on it and
choose Degrees. Note that, as you slide the pointer cursor around the map, you
get a display of the location of its tip. Click on the center of the last GPS fix.
Latitude . Longitude .

__14. Drag the map so that the last fix is approximately in the center of the
map. Use the vertical bar at the upper left of the map (or the mouse scroll wheel)
to zoom in as far as you can, while still being able to see the imagery. Recheck
the latitude and longitude (click Location again). You will see some differences
in the less significant digits, because zooming in gave you greater precision.

15. Click Save. Click Save from dropdown menu to place the map in your
ArcGIS.com account. In the Save Map window use the title ___ IGIS-
Web_Yourlnitials_First_Map.

For tags put IGIS, River, and the identifier of the course you are taking (all
comma separated, no blank spaces). For Summary, put in any text that seems
appropriate. Click Save Map.
__16. Click Share. In the share window, put a check by Everyone. Ignore the
other options on the window, but write down the Link to this map.
Click Close.
__17. Find the sign out button. Sign out. Close the browser.

18. Open a browser and go to explorer.arcgis.com

Click on Featured, and look at the various types of maps that are available.”

__19. Click on My Content. Be prepared to sign in with your Global Account
Name and password. A thumbnail of your map should appear. Click it.
Experiment with the various controls in ArcGIS Explorer Online by using the
little circle at the lower left of the window and the controls at the upper left of
the map: zoom out and in, zoom to full extent, zoom to layer, pan, select, display
details, show coordinates, identify, measure, and so on. Fast pan is dragging with
the left mouse button; fast zoom is the wheel on your mouse. In general the
controls are different from ArcGIS desktop, but you will be able to sort them our
since you know what sorts of capabilities to look for. Log Off or Sign Out (if you
find a way to), then close the browser.

20. Ask another student to log on to her or his www.arcgis.com account
and search All Content (under Show) for®
__ IGIS-Web_YourlInitials_First_Map.

A thumbnail of your map should appear on this other person’s display. When
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the thumbnail is clicked, the map should open. Click on Open this map in
ArcGIS Explorer Online. Explore. Close the browser.

21. Reciprocate by opening the other person’s map by searching for
__ IGIS-Web_TheirlInitals_First_Map.

__22.Sign out of both accounts and close all browsers.
In this Exercise, what you have shown is that you can (a) make use of a
basemap (we chose Imagery but a number of others were available), (b) add
your own shapefile to it, (c) save the resulting map in “the cloud” on
ArcGIS.com, (d) publish the map so that it is available to others with ArcGIS
Explorer Online and at www.arcgis.com.

You have done about the simplest Web publishing job imaginable,
but at least you now have the concept of putting your maps on the
Internet. The programs that make this ability available change
rapidly, as do the techniques. You can put maps on mobile devices.
You can make the maps dynamic. And on. And on. This is a rapidly
growing area of endeavor. However, the software to do this will
evolve rapidly so if you are going to be occupied with Internet map
publishing in a couple of years from now you might want to wait to
learn the details.

Exercise 3-7 (Major Project) Enhancing Communication: Styles,
Layer Files, Layer Packages, Reports, Charts, and Graphics
Somewhere in the conceptual space between raw data and finished maps
lie the ideas of styles, layer files, and map templates. We’ve already
looked at templates, which may or may not have data associated with
them.
Layer Files Layer files are based on raw data files.
Basically, a layer file tells ArcMap how to draw a data file—
what symbols and colors to use. As you know, if you add a
raw data file in ArcMap, the software makes random choices
as to how feature are drawn. Sometimes this is satisfactory;
more often it is not, if you have serious intentions of
examining and analyzing the data. Let’s look at an example,
in which you can see an obvious advantage to choosing how
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features are symbolized.

1. Use ArcCatalog to copy the shapefile KY_Streams_spf from [__ ]JIGIS-
Arc\Kentucky_wide_data to

___IGIS-Arc_YourlInitials\Map_Making.

____ 2, Start ArcMap with a Blank Map. Add ___IGIS-
Arc_YourInitials\Map_Making\K'Y_Streams_spf.shp to the map, using Data View This is a fairly
large dataset (about 60 megabytes) that contains information about the streams of Kentucky, from
the largest (Order 8) to the smallest (Order 1). When two streams of the same order (e.g., Order 1)
come together, they make a stream of the next highest order (i.e., Order 2). However, if two
streams of different order come together (e.g., Order 6 and Order 5), the output is just a stream of
the higher order (i.e., Order 6).£ Therefore, “stream order” cannot be considered true ordinal data,
in terms of stream size, volume, rate of flow, and so on, even relative to those streams that flow
into it. That is, the Order 5 stream mentioned previously might have a greater flow volume than
the Order 6 stream it converges with.

3. Open the KY_Streams_spf attribute table. Dock it at the bottom if it is
still at the side to make it easier to read while docked. Shorten it vertically and
zoom the image to Full Extent. How many stream segments are there?

___ 4. All the KY_Streams_spf are shown with a single color.* Suppose that
you want to see the smaller streams in a lighter blue and the larger ones in a
darker color. The attribute table has a column labeled ORDER_, which has
values from 1 to 8. So, let’s change the way the streams are drawn: Right-click
the shapefile name in the T/C, then click Properties > Symbology > Categories >
Unique Values. In the Value field, select ORDER_, then click Add All Values.
__ 5. Double-click the symbol for Order 1 streams. Pick the color Sodalite
Blue with a width of 1 to symbolize this stream. For Orders 2 through 8, use
width values of 1.33, 1.67, 2, 2.33, 2.67, 3, and 3.33, respectively. Pick colors of
blue that are darker for higher orders, ending with Dark Navy for order 8. Click
Apply. Click OK. The result will look something like Figure 3-12.

FIGURE 3-12
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You probably noticed that it took some time and concentration to
symbolize the map in this way. Should you remove
KY_Streams_spf from the T/C, all that work would be lost. A layer
file (extension LYR) will preserve the symbology.
__ 6. Right-click the name KY_Streams_spf and select Save As Layer
File from the menu. Place KY_Streams_spf.lyr in __ IGIS-
Arc_YourlInitials\Map_Making.
__ 7. While we are at it, let’s also make a simple layout of the data and save it
as a map named KY_Streams.mxd in the same folder: Map_Making. Go to
Layout View, then click File > Save. Type in a filename, and click Save again.
__ 8. Click on the New Map File icon, bringing up the New Document
window. You should not be asked to save anything. Go to Data View. Add
KY_Streams_spf.shp from ___IGIS-Arc_Yourlnitials\Map_Making.
Notice that the KY_Streams data set is drawn all in a single color, with no
size differentiation. Remove the shapefile.
____9. Click the New Map File icon, specifying a blank map, and saying no
when asked about saving. You should be in Data View, but go there if you aren’t
there already. Add KY_Streams_spf.lyr from ___ IGIS-
Arc_YourlInitials\Map_Making.
Notice that the KY_Streams data set is drawn as you symbolized it.



There is an important caveat to be mentioned here. The layer file
does not contain data; it only contains the instructions as to how the
data set is to be drawn.

__10. Use Windows Explorer to navigate to the folder __ IGIS-

Arc_YourlInitials\Map_Making.
Ask for details of the files listed there. What is the size of:
KY_Streams_spf.shp
KY_Streams_spf.dbf
KY_Streams_spf.lyr
KY_Streams.mxd
The SHP file is the geographic feature data. The DBF holds the attribute
data. Together they constitute more than 60 million bytes. The LYR file,
in contrast, occupies a mere 9,000 bytes. Obviously, the layer file does
not contain the KY_Streams data. Also, the map file (mxd) is way too
small to hold the actual data.
11. For a more dramatic illustration that layer files do not contain the data,
do the following. In ArcMap, start a new blank map file without saving the
changes to the current file. In ArcCatalog, click the words Folder Connections
and press F5 to refresh the catalog tree. In ArcCatalog, delete
KY_Streams_spf.shp from __ IGIS-Arc_Yourlnitials\Map_Making. (You can do
this either with the Delete key or by right-clicking the selection and clicking
Delete.) Now try to preview the Geography of KY_Streams_spf.lyr by clicking
its name. What is the message you get?

__ 12.Try to add data: KY_Streams_spf.lyr in ArcMap. Interestingly, you see
the T/C with the symbolization you created. However, the map drawing area—
both data and layout—are blank because the underlying dataset is missing. Next,
try to open the file KY_streams.mxd. Again, nothing to see.
Note that both the layer file and the map file have been ruined because you
made the data on which they depend inaccessible. (If you recopy
KY_Streams_spf.shp back into Map_Making, all is forgiven and both the
layer file and the map will work again.)

In summary, layer files can be useful in several ways. You can make



the data available to others—through a network or e-mail—and be
sure that the data will be portrayed as you have prescribed. I will
warn you, however, that this can be tricky. Obviously, you have to
send the data along with the layer file. Just as important, however,
the layer file must be able to know precisely where the underlying
data set is. Suppose that both the data seta and the layer file resided
in C:\Some_Folder and you sent them to someone who loaded both
in D:\Some_Folder; the layer file might not be able to access the
data set. There are things you can do (fairly easily—check the help
files for a discussion of relative paths) to solve this problem.
However, you have to be careful to preserve or remake the linkages
between data sets and layer files. A better solution comes in the
form of a Layer Package, discussed next.

Layer Packages We can go a step further in
making a complete unit out of a set of layers.

Another way to get an entire dataset, with its symbology,
geographic data, and attribute data put into transferrable form, is the
Layer Package. In ArcMap, in addition to Save as Layer File you
will also find an option to Create Layer Package. A Layer Package
is a powerful way to share a dataset, symbolized the way you want
it. It wraps everything up together into a single file that you can
move to another computer or to www.arcgis.com. Making a layer
package (file extension LPK) is a little involved but well worth
learning about if you want to send someone a complete, symbolized
dataset or want to post such a dataset on the Internet. I discussed
earlier how to put a shapefile on www.arcgis.com so it can be
viewed with ArcGIS Explorer Online (at www.arcgis.com/explorer)
. You can also put a layer package there. The layer package can be
made in ArcMap, ArcScene, or ArcGlobe. (Note: The following
instructions are for ArcGIS version 10.1. Version 10.0 operates a
little differently, with less stringent requirements, but you should be
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able to see through the differences easily.)

__13. Start ArcMap with a new, blank map. From ___ IGIS-
Arc_Yourlnitials\River add as data Boat_SP83.shp, cole_doq64.jpg,
cole_dem, Roads (from Lexington.mdb), and ford_vctr\arc. So you
have here a map made up of a shapefile, a couple of different
rasters, a geodatabase feature class, and a piece of a coverage. This
is sort of hodgepodge but the idea is to demonstrate that you can put
any sort of layer into a layer package.

__ 14. Alittle work is required. Since a layer package might go
onto the Internet the software insists on some descriptive material,
so the map may be retrieved later by someone to whom you have
given access information. In particular, for starters, each layer must
have some sort of description. Bring up Layer Properties for
Boat_SP83. In the Description field (under the General tab) type
River GPS Track. Click OK. In the same way, provide each of the
other four layers with at least a cursory description. Possibilities for
descriptions are Ford Quad Vectors, Lexington Roads, Cole Tiny
Grayscale DOQ), and Cole Quad Digital Elevation Model.

__15. Hold down the Ctrl key and click on each of the five
layers, so they are all selected. Right-click on one layer and select
Create Layer Package. In the window that emerges verify that your
five layers are Included. Click Save package to file (rather than
uploading it to ArcGIS). Browse to ___IGIS-Arc_YourlInitials\River
and provide the file name First_Layer_Package_Yourlnitials.Ipk.
Click Save. In the Layer Package window, click Item Description.
For the Summary type Hodgepodge_YourlInitials. For tags type
GPS, Ford, Roads, DOQ, DEM. For Description type IGIS Exercise
3-7. Click Analyze and hope for no errors. If there are any, you can
click the Error symbol and take the appropriate remedial action.
Dismiss the Prepare window. Click Share. Wait until the progress
window says Succeeded. Click OK.

16. Start ArcMap with a new, blank map, without saving. In
ArcCatalog (either the sidebar or the program) look for



First_Layer_Package_Yourlnitials. (You may have to refresh the
Catalog Tree: Highlight __ IGIS-Arc_YourlInitials, right-click on
the folder, and click Refresh.) __ 17. Getting a layer package into
ArcMap is, candidly, a little weird. You can’t Open it. You can’t add
it as data. But you can drag it from ArcCatalog into ArcMap—
either the T/C area or the map area. Once you do you will see a map
of the five layers, at its full extent. The attribute data is there as
well. Open the Attribute table of Boat_SP83 to check it. Close the
table. Dismiss ArcMap, without saving. Obviously there is no need
to save anything, since you have it all wrapped up in a layer
package.

The layer package you have just made and tested is simply a file
with an LPK extension. You can email it, put it in your favorite
cloud, transfer it to a flash/thumb drive—in other words treat it as
just a file that you can transfer to anyone who can run ArcGIS
Desktop. That person can access all the information, using the
symbology that you set up. Basically the problem of easily
transferring ArcGIS data is solved!

Styles Styles basically let you draw maps
using colors, symbols, and patterns developed
by other people and organizations. When you
have drawn maps before, you have been using
a style developed by ESRI. In fact, it is
difficult to separate the software, which
basically lets you draw points, lines, and
polygons—admittedly in myriad colors—from
the ESRI predeveloped symbols. Let’s start
your understanding of styles by eliminating all



of them.

__18. In ArcMap, enter Data View and click the New Map File icon on
the Standard toolbar to start with a Blank Map. Add the polygon component
of the coverage SOME_POLYGONS, which you will find in the __ IGIS-
Arc_YourlInitials\Trivial_GIS_Datasets.

folder. Set the T/C tab to List By Drawing Order.

__19. Set the software so that it uses no styles at all, by clicking Customize >
Style Manager to bring up the Style Manager window. Click the Styles button to
bring up the Styles References window. Clear all the boxes you can. Which one

can’t you clear? . Click OK. Click Close.

__20. In the T/C, right-click the polygon symbol. You may recall that that
usually that brings up an array of distinct colors (e.g., Medium Apple, Sodalite
Blue, Mars Red, and so on). However, those are part of the ESRI style. At the
bottom of the box, click More Colors. Now what you have is the Color Selector
window, which you met in Chapter 2. It lets you select any color the computer is
capable of producing—millions of them“—but without benefit of being able to
name the color or easily select it again. The Color Selector window lets you
define a color in the most basic way. You can move the R, G, and B sliders to
determine the amount of red, green, and blue, each on a scale of zero to 255, that
go into making up the color that will wind up on the polygons. As you move the
sliders, the lower-left rectangle in the window shows the new color. Adjacent to
it is the current color that is to be changed. In the area of the window just up
from the bottom is a box showing, as a continuum, all the colors. Clicking or
dragging in this box is also a way to select a color. Try this out, watching the text
boxes and the slider bars. Move the cursor both horizontally (to change colors)
and vertically (to change brightness). Finally, pick a garish yellow by typing in
the boxes—say, R255, G255, B99. Click OK.

___21. Click the polygon symbol in the T/C. This brings up a Symbol Selector
window. Here, you can modify the outline width and the outline color. Make the
color a light green with an outline color red. You could also open the Symbol
Properties window by clicking the Edit Symbol... button, and there you will have
access to another bunch of options. In fact, you could doubtless spend half a
workweek exploring the possibilities that ArcMap gives you in the color arena.
For now, just cancel the Symbol Property Editor, and press the Style References
button.




This menu shows you the different symbol sets that come with
ArcMap. It is simply another way to get at the list of Styles
available to you.

Adding and Using a Style

22, Clear off the menus and windows.
Add the shapefile some_points from the
_ IGIS-
Arc_YourlInitials\Trivial GIS_ Datasets.

folder. You get the generic dot. Look briefly
at the attribute table for some_points.shp.
Note that TYPE_ is keyed to the polygon the
point is in: M, A, or P. Hide the table. Bring
up the related Style References window
again. Let’s go for something really
ridiculous: click 3D Trees and OK. This now
gives you the capacity to replace the generic
dot with elements from a style sheet called
3D Trees. Click Close on the Style Manager
window. In the T/C, click the some_points
symbol. A Symbol Selector window appears
with a plethora of tree images. Slide down
through the list, taking a botany lesson as
you go. How many trees are there?*



__23. Pick a Rocky Mountain Maple, either
by scrolling down in the alphabetized list or by
typing it in the text box which says “Type here
to search.” Click OK. It’s pretty hard to see
that you have made any difference in looking
at the Data View. Return to the Symbol
Selector window. Use the maple again but
change the size to 50 points. The symbol has
taken on some form. To see it in all its
pixilated glory, change to the Layout View and
Z0oOm in on a point, using the zoom on the
Layout toolbar.

24. Zoom to the whole page and go back
to the Data View.

25. All the capabilities you had with the
software before you have now. Only the
symbols you may use have been curtailed.

Let’s use different symbols for the points in the
M, and the A, and the P.

__26. Bring up the Layer Properties
window for some_points. Click Symbology >
Categories > Unique Values. Make the Value



Field TYPE_, and Add All Values. Double-
click the symbol next to the M to bring up the
Symbol Selector window. At the top of that
window, you see two radio button options: All
Styles and Referenced Styles. (This is a
different kind of category than on the Layer
Properties window.) Pick All Styles and search
for Plant. You get several possibilities,
including nuclear plants. We want a botanical
type of symbol, so pick the option, of a
Century Plant and again make the size 50.
Click OK, and OK again. Now put the Jade
Plant in the A, and then search for
SUCCULENT, and pick Cereus for the P.
Observe the results.
The object of these preceding steps is to
show you the large number of already
developed styles that are available to you.
Something to think about before you spend
time developing your own symbols.
_ 27.Click Customize > Style Manager to
open the Style Manager window, and then
click the Styles button to bring up the Styles



References. Turn off 3D trees and turn on
ESRI. Close the Style Manager window.
Dismiss ArcMap, saving changes if you want
to in Map_Making.

Reports As useful as an attribute table is, its
format leaves a lot to be desired. It is seldom
reasonable to print out a large table in regular
form. What is very useful at times is a
summary of the information in the table.
ArcMap gives you the ability to generate
textual reports from an attribute table. You will
see this ability demonstrated in a three-step
process. First, you will create a second table by
using the Summarize feature, available by
right-clicking a column in a table. Secondly,
you will make a report from the second table.
Finally, you will put that report on a map.

Report making requires design and usually a pair of tasks:
manipulating the information on a mockup and then looking at the
results of the manipulation, which take the form of the actual report.
You will be alternating between an editing window—in which you
will use a Report Designer—and “running” the report to examine
the results of your design.

You may recall that the Wildcat Boat data contained a personal



geodatabase feature dataset named Sewers. It consisted of a few
linear segments representing lengths of sanitary sewer pipe of two
different diameters: 60 inches and 45 inches.

Assume that you need a map of the sewers and want to place a
report on that map showing the total lengths of each diameter of
pipe. You might proceed as follows.
__28. In ArcMap, start a new map, using the Letter (ANSI A) Portrait.
This will automatically put ArcMap in Layout View. Add as data the Sewers
feature  dataset from _ IGIS-Arc_Yourlnitials\Wildcat_Boat_Data
\Wildcat_Boat.mdb\Line_Features

__29. Open the attribute table of Sewers and cut the table down to reasonable
size. Notice that there are four lengths of pipe 60 inches in diameter and two
lengths 45 inches in diameter. Just as in Data View, you can use the Select
Features tool (in the Tools toolbar) to graphically select features in the Layout
View and see the selections reflected in the table. Try it. Also you can select
records in the table and see the results highlighted in the map. Using Ctrl-click
on the table, highlight the four pipes of diameter 60 inches. Right-click the
Shape_Length column heading and pick Statistics. From the Selection Statistics
of Sewers window, determine the total length, to one decimal place, of 60-inch
pipe. meters. Dismiss the window. On the table window using
ToolTips, find the Switch Selection icon. Press it. What is the total length of 45-
inch pipe?

Let’s examine how you can get this information into a report and

then onto the map.
__30. Clear all selections using the Clear Selection button on the table
menu. Right-click the DIAMETER heading and pick Summarize. In Box 1
the field to summarize should read DIAMETER. Skip box 2. Accept the
default output table name, Sum_Output.dbf, but double-check that the
output location path is your Map_Making folder.? Click OK. When asked if
you want to add the results table in the map, choose Yes. Open the table.
__ 31. The new table, Attributes of Sum_Output (the Sum refers to
summary, not to sum, as in total), tells you the numbers of segments but
little else. Let’s try again. Close the table and remove it from the T/C.
___32. Make sure the Sewers attribute table is open. Again, right-click
over the DIAMETER heading and pick Summarize. This time, in box 2,



expand Shape_Length and check Sum. Continue as before, add the table to
the map, and open it. This time you see that you get an additional field:
Sum_Shape_Length. Check to see that the numbers you wrote above are the
same as those in the table. Write the name of the table here:

__ 33. Notice that the sum (total) of the Shape_Length column numbers
gives the value of the lengths to thousandths of a meter. While quite precise,
this seems unlikely to be accurate and is certainly useless. We can fix that by
chopping off the decimal part with something called the Field calculator.
Right-click the Sum_Shape_Length column and pick Field Calculator.
Ignore the warning (since you can always reproduce the table if you make a
mistake). In the Field Calculator window click INT(). The expression INT()
should appear in the codeblock box at the bottom of the dialog. Your cursor
should be inside the brackets of the INT expression. (The INT function
produces integers by removing the decimal fractions of the argument.)
Double-click Sum_Shape_ in the Fields box. When you click OK, the
numbers in that column will become integers.

Now that you have a table that contains the needed information in a
reasonable form, you may make a report. ArcMap has considerable
report making capability. We will create only the most elementary
example. When you finish this section, you will at least know that
report generation capabilities exist.
____34. Click View > Reports > Create Report to bring up a Report Wizard.
As the wizard progresses you will be presented with a series of six
questions:
Which fields do you want on your report?
Do you want to add any grouping levels?
Which fields do you want sorted on your report?
How would you like to layout your report?
e What style would you like?
e What title do you want for your report?

__35. Starting with the first question: In the Layer/Table dropdown
menu, pick the table name that you wrote in the blank in the step before the
last two steps. Move all the available fields to the Report Fields area by
clicking the right-pointing double arrow. Now move the OID field back by
highlighting it and using the left-pointing single arrow, since you don’t want



it in the table. Click Next.

__36. We don’t want to add any grouping layers (used for more complex
data), so we will skip the second question by clicking Next. The third
question is on sorting. Select DIAMETER from the dropdown menu and
make sure the Sort column reads Ascending (which is the default). Click
Next.
__37. The defaults in the Layout query are acceptable. Click Next. Select
a simple style, such as the aptly named Simple. Click Next. The last
question asks us to title our report. Call it Sewer Pipe Lengths. Select
Preview the report and click Finish.
__ 38. The results are underwhelming. The title is a little large, and the
field names are cut off although there is still plenty of room on the page.
You will save it and work on the saved file. Find the “Save report output to
file” icon and press it. Save the report as PipeLengthReport.RDF in your
___IGIS-Arc_Yourlnitials\Map_Making.
folder, if you are using version 10.0. With version 10.1 the extension will
be RLF.
__39. We clearly have some editing to do—so click the Edit button to enter
into a Report Designer interface. The number of options here is extensive. An
entire course could be built around the Report Designer. For now, I only show
you how to get the most rudimentary report on the map.

In the Report Designer you have the items you can add to the
report: “Design Elements” on the left. On the right, there are the
Properties of the document or of the elements selected. Then, in the
center of the Report Designer, you have a mockup of the report,
which is divided into sections. At the top, you will find the Report
Header—basically, the title of the report. Next down are the titles of
the columns of the report. Below those are the references to the data
in the table. Suppose that we want to generate the most elementary
report to display the length of the two diameters of pipe. See Figure
3-13.

FIGURE 3-13
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____40. Click on the title Sewer Pipe Lengths. Note that it appears in bold
on the right side under Data > Text. Double-click the name. When it
becomes highlighted, you can type in a new report title: Pipe Lengths. Once
you press Enter, the title changes in the report area.

Let’s change the headings of the columns DIAMETER,
Count_DIAMETER, and Sum_Shape_Length with the names
Diameter, # of Pipes, and Length. Click on DIAMETER under page
header. Find where it shows up under Data >Text, double-click, and
press Enter. Change its value to “Diameter”.
__ 41. Now change heading Count_Diameter to # of Pipes. Change
Sum_Shape_Length to Length. Now look at the results of these changes.
Click on the Run Report icon (or press F5).
__ 42, The report looks somewhat better. We have improved column
names but the numbers don’t line up under the headings. So, click the Edit
button to bring back the Report Designer. Under the various headings we
can move the locations of the title, the column headings, and the columns.
Shift these around, alternating between Edit and Run Report until you have a
report that seems reasonable to you. Select Save on the Report Viewer page



(which creates a file with an “rdf” extension) and use the name
PipeLengthReport.rlf. To show the capability of producing PDF files, switch
to the Report Viewer export it to a PDF naming it PipeLengthReport.pdf and
save it into the Map_Making folder in your ___ IGIS-Arc_Yourlnitials
folder.

__43. In the Report Viewer, print the final report. Find and click the “Add
report to ArcMap Layout” button, bringing up the Add to Map dialog box.
Uncheck “Add Page Borders” because we will only be using part of the report
page in the layout. Click OK. Close the report editor and examine the results.
Note that since you saved the RLF file, you can load or run the report and make
modifications to the report.

____44. The report is full page, so it may be as big as the Layout. You should
use only a part of it. Using Select Elements, select the report (it will have four
handles, not six) and slide it down so the text fits above the bottom margins. Size
it so that it fits between the vertical map outline limits. Use the Pan control on
the Tools toolbar to slide the geographics up toward the top of the page. Label
each segment with the diameter of the pipe with 24-point bold type.2 The results
should look something like Figure 3-14.

FIGURE 3-14
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__ 45. Display the map at 100 percent of the size it would appear on a page.
Use the scroll bars, look around the map to see that things are about the right
size. Title the map with your name. Using File > Print, print the map. Save it in
the Map_Making folder as Sewers_Specs.mxd.

Charts and Graphs Another form of
communication—neither text nor map—can
also be created by ArcMap: the chart or graph.
The software is capable of producing graphs
and charts of both two-and three-dimensional

appearance.

46. In ArcMap Click File > New. Select Letter (ANSI A) Portrait.
Switch to Data View. Add the personal geodatabase feature class named
Soils from __ IGIS-Arc_Yourlnitials\Wildcat_Boat_Data\ ... you know the
drill.



Once the map has appeared in the window, symbolize the SUIT
categories using Unique values.
___47. Open the Soils attribute table and summarize the suitability (SUIT)
column, including the sum from Shape_Area. Accept the default name and save
it in Wildcat_Boat.mdb. Agree to add the table to the T/C of the map. Dismiss
the Soils attribute table. Open the Sum_Output_x table. It should look about like

Figure 3-15.

FIGURE 3-15
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____48. Select View > Graphs > Create Graph to bring up the Create Graph
Wizard. Click the dropdown menu of Graph type, and look at the many types of
graphs you can create. Pick Vertical Bar. In the Layer/Table field choose
Sum_Output_x (x is some digit, depending on how many tables you have
created in this session). For the Value field, you will want Sum_Shape_Area.
Make the “X field” SUIT. Uncheck Add to legend. For the Color use Pallet
(Excel). Leave the rest of the options at their default values. Click Next. Change
the title to “Square Meters of Soil Suitabilities”. In Axis properties make sure the
Visible boxes of the Left and Bottom axes are checked. Give the Left axis the
title “Totals of Areas”; use the title “Suitabilities” on the Bottom axis. Both
Right and Top should be blank. The axis titles will appear on the graph. Click
Finish.

____49. A Graph should appear. Make it taller and narrower. Slide it over on top
of the Sum_Output_x table so you could get to either table by clicking on its
header.

50. Assuming that the graph looks as it should (see Figure 3-16) slide your
cursor to it.

FIGURE 3-16
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__ 51. Right-click on the title bar of the graph, and click Add To Layout.
Dismiss the graph window as well as the Sum_Output_x table. In the Layout
View, drag the graph to the bottom of the page. Using the handles on
soils_polygon, resize and move it so that it doesn’t conflict with the graph. Click
Zoom whole page. Adjust each map element so that a reasonable amount of
layout space is devoted to the data and the graph. It should look somewhat like
Figure 3-17. Title the map Soil Suitabilities.

FIGURE 3-17
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(Optional) It would be helpful if the soils map showed the polygons
with the same colors as the graph. Unfortunately, the best way to do
this is by changing the individual colors on the feature class. If you
want to take the time, try changing the random colors assigned in
the T/C so that they more or less match those of the graph. Start by
clicking the color patch next to the zero value and making it the
same color as the zero column on the graph (using the fill color in
the color selector window. Or, to be meticulous, click More
Colors...). Do the same for values one, two, and three. Click Apply,
then OK.

Save the map in ___IGIS-Arc_Yourlnitials\Map_Making.

with the name Soils_with_Graph_1.

Suppose that you want to see the relative amount of each suitability.

A pie chart will serve this function.
____52. Right-click on the graph part of the layout and select Properties to
bring up the Create Graph Wizard again. Change the Graph type to Pie. For
the Value field select SUIT. For Color pick Palette (Excel). Turn on Show
labels (marks). Click the Appearance tab. Make the title Relative Areas of
Soil Suitabilities. Click Graph in 3D view. See Figure 3-18. Click Apply,
then OK. Zoom in (Layout Toolbar) on the chart to get a better look.

FIGURE 3-18
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__ 53. Zoom Whole Page. Save the map with the name
Soils_with_Graph_2. Print the Layout if you want.

__ 54, Notice that water is shown as a portion of the pie chart. That didn’t
bother us so much when it was on the bar graph, but here it skews the
results. On the Sum_Output_x table select records with SUIT values 1, 2,
and 3. Start the Graph Wizard and proceed as before, this time check the Use
Selected Records box. Now the graph shows that only three soil suitabilities
of actual land area are represented. If you want the color on the graph to
correspond to the colors on the map you have to correct them on the map.
The colors of the graph cannot be easily changed. Place the graph on the
Layout and save as Soils_with_Graph_3.

Graphics As a last topic: you can put graphics
or text information into a data frame directly
from a variety of sources. This subject really
gets us away from our intended goal—



preparing you to do analyses with GIS—but it
is a major feature of the software that you
should know about, so we will look at it
briefly.

Placing ancillary information on a data frame is done primarily with
two sets of controls. The first is Insert on the Main menu. The
second is the Drawing toolbar.”
__ 55.In ArcMap start a new map with Letter (ANSI A) Portrait. In Data
View, add the shapefile [ ]JIGIS-Arc\River\Boat_SP83.shp to a new map.
__ 56. Also add the following data sets, in this order: [ ]JIGIS-
Arc\River\wtp_spn (the point component, water treatment plants) [___JIGIS-
Arc\River\cole_drg.tif [ JIGIS-Arc\River\cole_doq64.jpg [ ]IGIS-
Arc\Kentucky_wide_data\K'Y_Streams_spf.shp Make the point symbol for
wpt_spn a bright red square of size 10. Make the Boat_SP83 symbols bright
green circles of size 8. Pan and zoom the image until all of the DOQ and the

GPS track are in. Your data frame should look something like Figure 3-19. Save
this as

FIGURE3-19

ey

_IGIS—Arc!Yo&rf hitiﬁls\Map_Making\LWP1.mxd.
57. Turn your attention to the Drawing toolbar. Run your cursor from left



to right over each of the buttons while reading the ToolTips and/or the Status bar.
On those buttons with dropdown menus (little triangle symbol just to the right of
the button), look at the options.

Suppose that you want to put some identifying text on the data
frame, pointing to features.
___58. On the Drawing toolbar, find an “A” (for new text—add text to the
map by typing it in) and access the menu next to it. Find the callout box, and
click. With the Callout cursor, click the easternmost point of the GPS track.
In the text box that appears type Beginning of GPS Track and press Enter.
Drag the box below the point so that all the text is within the data frame.
Click away from the box to deselect it.
__59. Repeat the procedure of adding a callout box—this time referencing the
last point of the GPS track. However, instead of typing in the text box, click
somewhere off the box, then double-click Text to bring up a Properties window.
In the Text area, type: End of GPS Track then click Apply and OK. Drag the
callout box to the right, off Cole_DRG.
Deselect it.

60. Make a callout box that says “Filtration Plant” pointed at the facility in
the northeast corner of the Cole_DOQ.

61. Use File > Save As to save the data frame as a map named LWP2.mxd.

We have available an oblique aerial photo of the water plant. No
geographic coordinates come with it. It is just a picture. However,
we can add it to the data frame.
__ 62. Choose Insert > Picture and navigate to [ ]JIGIS-
Arc\River\Lexington_Water_Plant.JPG
Open. Drag the photo to the upper right corner of the data frame.
__ 63. Bring up the menu next to the callout icon (it changed from the “A”
earlier, while you were looking at something else). Find and click the icon for
inserting Text. Click the data frame in the lower right quadrant. Type Lexington
Water Plant and press Enter. Start changing the Properties of the text by double-
clicking it. Press the Text tab and then select Change Symbol. Make the text red,
20 points, Arial, bold, and underlined. Click OK, and OK again.
___ 64. Change to Layout View. You probably would like to rearrange some of
the elements, given the change in format, but you notice that you cannot select
any element except the entire data frame. ArcMap doesn’t let you edit a data



frame in a Layout unless you put that data frame “in focus.” Do that by double-
clicking the data frame. Note the hashed border around it. (You can also toggle
focus on and off by right-clicking the Data Frame and selecting Focus Data
Frame or by clicking on the Focus Data Frame button on the Layout toolbar).

_____65. Select the picture and move it up in the layout. Enlarge it by dragging
its corners. Select the text title and move it down, centered, but still inside the
Data Frame. (If you go outside the Data Frame the title disappears; you can get it
back with Edit > Undo, or with Ctrl-Z.) Click somewhere away from the title to
unselect it.

___ 66. Since the title crosses some features, perhaps you want to give it a
background. Click the Rectangle icon button on the Drawing toolbar and draw a
rectangle over the title, covering it up. Click the word Drawing on the Drawing
toolbar, pick Order, and send the selected rectangle to the back. Pull up the menu
for fill color and make the color of the rectangle Lapis Lazuli.? Change the color
of the text in the box to White. If you have any cartographic design experience,
shake your head over what a wretched mapmaker the author is, and save the map
as LWP3.mxd, after fixing it up to suit yourself.

In what follows you will experiment with some of the drawing tools
on a blank data frame. Feel free to vary the process and to
experiment.
__ 67. Click the New Map File icon, choosing Letter (ANSI A)
Landscape, and go into Data View.
__ 68. On the Drawing toolbar the icon that starts out as a rectangle
becomes whatever object you choose from the dropdown menu. We could
call it the new shape icon: Rectangle, Polygon, etc. Try out the different
possibilities. With Rectangle, Circle, and Ellipse, just click and drag. With
Polygon, and Line, just click to make successive vertices; double-click to
end the graphic. Curve is particularly fun. Again, just click to make
successive vertices; double-click to end the graphic. With Freehand simply
drag the cursor around.

With any of these graphic elements, you can, after selecting them on
the Drawing toolbar with Select Elements, right-click and change
their positions by rotating 90 degrees or flipping around an axis.
You can also bring up a window to get information about and/or
change their properties.



__ 69. Pick a graphic that you have made and select it (with either the
Select Elements pointer on the Tools toolbar or the Select Elements pointer
on the Drawing toolbar. Click Zoom To Selected Elements on the Drawing
toolbar. Grab one of the cyan handles to get a two-headed arrow, then drag
the handle to shrink the graphic to about half its original size. Zoom back to
full extent. Select another element and experiment with the Rotate tool (on
the Drawing toolbar). First click the Rotate tool button, then click the
feature. Press the “A” key to type in a number of degrees of
counterclockwise rotation.

70. Select another shape. Toward the right end of the Drawing toolbar,
change the Fill Color and/or Line Color to whatever you want.

71. Create some text. Change its font to Courier New, 16 point.

Experiment with the Text options. Circle Text, for example, will, let you
create a circle and then place lines of text within it. Once the text is no
longer selected, the circle’s bounding square disappears.
__ 72, Click New Map File, continuing to use Letter (ANSI A)
Landscape. Find the button for New Splined Text and press it. Make a spline
(like a snake) starting in the northwest corner of the data frame: Click, move
an inch or so to the right, and click again; continue until you have made a
spline that looks somewhat like Figure 3-20. Double-click to end the spline.
Type the following into the text box, without using the Enter key except at
the very end:

FIGURE 3-20

-

A quick move by the enemy may jeopardize six fine gunboats. Now is the
time for all good men and true to come to the aid of their party. The quick



brown fox jumped over the lazy dog.

73. When you press Enter you should see the text following along the first
part of the spline you made. The text should remain selected. Change the font
color. Change the font size to 16. Click away from the text to clear the selection.

Observe. See Figure 3-21. Note that where the curve has extreme bends the text
suffers.

FIGURE 3-21

__74. Click New Map File keeping the Letter Landscape template. Go into
Data view. Make a polygon of several vertices, using the Polygon option. Click
Edit Vertices in the Drawing toolbar. Drag the little cyan squares around with the
four arrow-head only cursor to reshape the polygon. In version 10.1 right click
on a vertex and delete it. Right click on a line of the polygon and add a vertex.
Experiment with doing both. Notice the difference between reshaping and
resizing, which we discussed earlier.

__75. Create a new curve. Edit Vertices again. By dragging the cyan boxes
around, you can change the locations of vertices. By dragging the purple boxes,
you can change the shape of the part of the curve that goes into a vertex. By
dragging a point on the curve that is not a vertex, you can move the entire curve.
___76. Click New Map File. Add the Layer Sewers from Line_Features of
____IGIS-Arc_YourlInitials\Wildcat_Boat_Data\Wildcat_Boat.mdb.

Make sure you are in the Data View. Draw a Rectangle so that it covers some
of the northern pipe. So you can see through it, double-click the rectangle to
bring up a Properties window, click the Symbol tab, and make its fill color No
Color. Click Apply, then OK. Be sure the rectangle is selected—you will see
the eight blue handles. Now from the Selection menu pick Select By



Graphics. The northern pipe should become highlighted. If you open the
sewers attribute table, you will see its record highlighted as well. In the
Selection menu, click Selection Options. Note the various ways you can
define the selection process. In the Selection menu, select Clear Selected
Features. Dismiss the attribute table.

Making Graphics out of Geographic
Features

__77. Right-click Sewers in the T/C. Click
Convert Features to Graphics. In the window,
specify Convert All Features of Layer Sewers.
Only draw the converted features. Click OK.
With Select Elements on the Draw toolbar
click a line of sewer pipe to select it. You will
find that you can now move on or change it
around like any other graphic. Dismantle the
sewer system, and pile the pieces up in the
southeast corner of the data frame.

__78. Use Ctrl-O to open an existing

mapfile. Open the map file __ IGIS-

Arc_YourlInitials\Map_Making\LWP3.mxd.
In Layout View, put the data frame in focus.
With the Layout toolbar, zoom up on the
DOQ. Pick Splined Text from the Drawing
toolbar. Make a spline paralleling the curve



of the river, about an inch to the east of the
GPS track, starting with the fix at the end of
the track and continuing up to the edge of the
DOQ. In the text box, type “Kentucky River”
and press Enter. Change the text color to
White. Change the text size to 16. Slide and
rotate the text until it fits nicely in the bend
of the river. If you don’t like the result, delete
it and try again. Zoom to the whole page, and
save the map as LWP4.

As you can see, ArcMap has a remarkable number of tools that aid
you in making maps. Admittedly these tools are not as extensive as
those in various drawing programs, but don’t forget: you retain the
advantage of having a dynamic map with all the “intelligence” that
GIS gives.
__79. Just to demonstrate that a GIS map is really different, use the
Identify tool to click the red square that represents the Lexington Water
Plant. As a result, you will see an extensive amount of information on this
particular plant. Now right-click wtp_spn point in the T/C and select Zoom
To Layer.

These are the water treatment plants in the state. Open the wtp_spn
point attribute table and observe the amount of information
available. Try that with your drawing program! Close ArcMap.

Exercise 3-8

Checking, Updating, and Organizing Your Fast Facts File
The Fast Facts File that you are developing should contain
references to items in the following checklist. The checklist
represents the abilities to use the software you should have



upon completing Chapter 3.

Important Note: This checklist is on the DVD that accompanies the book. It is available in
Microsoft Word format. Rather than typing or writing by hand the text that follows, you can
copy and paste it into your Fast Facts File from the DVD file.

e The Layout View (contrasted with the Data View) is

e A map template is

e The file extension of a map template is

e The name of the map template that is the basis for a blank document is

e To get a variety of map templates

¢ A major toolbar used to produce a map is

e The map templates that contain data are located

e Ways of changing from Data View to Layout View are

e To determine the coordinate system of data in the data frame

e The types of coordinates available in the Data View are

o The types of coordinates available in the Layout View are

e Zoom controls in the Data View and the Layout View

e To rotate the map display

e Elements of the map that may be added are

¢ To rotate the north arrow

e Care has to be taken saving a map created from a template with data because

¢ A data frame is

o To make a new data frame

e To make a data frame active

e Two ways to change a data frame name are

¢ The difference between the active data frame and the selected data frame is

e Care must be taken when adding data to a data frame because

¢ The projected coordinate system could be found under Properties through the T/C under
this table:

o If data frames overlap selecting a particular one of them may be done by

¢ To move a data frame within the Layout

¢ To select elements on a layout

o The active data frame appears in the T/C with

¢ A blue dashed line indicates

o A black dashed line indicates

¢ A hash-mark around the active data frame indicates

e The scale bar will reflect the true map scale when

o A scale bar is keyed to only one data frame. It is the

e A map scale can be set by typing in the

e The Map Document Properties enables you to manipulate

e The Legend is tied to the T/C

o To make different data frames line up one can use

¢ A layer file is related to a data file

e The extension of a layer file is

o Alayer package is

e To get a layer package into ArcMap

o If one erased a data file and then tried to draw the associated layer file

¢ You set the software to use particular styles by

o The Color Selector window



To add and use a style

The purpose of Summarize is

To use the report writing capability of ArcMap, first create
The sections of the Report Designer are

A report can be added to a layout by

To get to the Graph Wizard

Ancillary information can be placed on a data frame in two ways:
To add a callout box

To edit data in a data frame while in layout view one must
To create text along a spline

To make graphics out of geographic features

Two ways of putting a layout “in focus” are

The website ArcGIS.com allows you to publish

'The dialog box is optional and may have been turned off. Or ArcMap may be
already running. If so, choose File > New to get the New Document window.
It may appear to be slightly different from the Getting Started window
depicted in Figure 3-1 and referenced in Step 3. (To turn on the startup dialog
for the future, you may choose Customize > ArcMap Options, then on the
General tab, make sure Show Getting Started dialog has a check mark in its
check box.

‘The path name may be too long for the text box. If so, place the cursor in the
text box, click once, and press arrow keys to see the rest of it.

Find it with ToolTips. If ToolTips is not on, select Customize > Customize
Mode and on the Options tab check Show ToolTips on toolbars.

‘File > New brings up the New Document window, which is different from
starting ArcMap fresh, where you receive the Getting Started window and
have the option to open recent maps as well as templates. The New Document
window can be accessed in additional ways: the New Map File button and Ctrl
+ N.

°If the rulers aren’t showing, right-click the layout page outside the thin black
line, then select Rulers > Rulers.

‘If the scroll bar isn’t showing, make a check by the option View > Scroll
Bars.

7If at any time you run into difficulty and feel that you would like to start over,
do. Just choose File > New, pick USA template category, click
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SouthwesternUSA, and click OK. If asked, don’t save your previous layout.

!Of course, no north arrow is exactly right for the whole map. On the eastern
edge of the state, the boundary points north, as does the western boundary. As
you know those two lines are not parallel—they converge at the North Pole.

’If at any time the geographic elements disappear from a data frame, click on
the Refresh View button (next to the Layout View button). If that doesn’t
restore the image, drag the dividing line between the T/C and the map viewing
area well to the right over all the data frames, let it go, and then drag it back to
its original position. Another trick to get around this problem is to fetch the
properties of the data frame and click on a tab or two. This problem appears to
have been fixed in version 10.1

“If you already have an Esri Global Account create another one with this
name. If you want you may delete it after completing this Exercise.

“You might have to install something called Microsoft Silverlight to make use
of Explorer.ArcGIS.com. It’'s pretty straightforward for those with
administrative rights to the computer. Others will have to contact their system
administrator.

2If you can’t find someone else to help you with this create another arcgis
account. Plan on deleting it when you finish this exercise.

“This is according to the Strahler method of stream order analysis. In another
method, Shreve, headwater streams are also assigned an order of 1. But when
two or more streams converge, then the stream downstream of the confluence
is assigned an order equal to the sum of the orders of the upstream streams.
Stream analysis is discussed in Chapter 8.

“You might think, looking at Kentucky streams, that there is a “U” shaped
swath of missing data. Not so. There just aren’t any streams there, because of
the karst geological formations. Rainwater water soaks in rather than running
along the surface. There are some Kentucky roads on which you can drive
many miles without crossing a bridge.

256 256 256 — you do the math.
LJust kidding.
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UIf this is the first time you have used the search, it may take a while to
initialize and you will see a message that says “Updating index database...”

“Note: if you have to change the path, be sure to Save as type “dBase Table.”
The default is a “File and Personal Geodatabase table” and since you’re
outputting to a folder, a File and Personal GDB table won’t work.

“If this doesn’t label each of the six features, go to the Labels tab in the Layer
Properties window. Under Placement Properties, choose Place One Label Per
Feature.

2[f the Drawing toolbar is not on the ArcMap window, choose Customize >
Toolbars and make sure there is a check mark next to Draw.

2The color of an exotic gem. Also University of Kentucky Wildcat Blue.



Chapter 4

Structures for Storing Geographic Data
OVERVIEW

IN WHICH you explore the ways geographic datasets are stored in the memory
and on the disk drives of a computer. You also learn the rudiments of using
ArcToolbox.

Why Is Spatial Data Analysis So
Hard?

Spatial (that is, geographic) datasets are notoriously difficult to analyze. In other
fields of human endeavor, most of the datasets one wants to analyze are naturally
made up of numbers. What is the history of the stock market’s up and downs?
Numbers. What are the statistics relating to the grades of students in the
sophomore class? Numbers. How many parts-per-million carbon monoxide
molecules may be safely tolerated by different types of air-breathing animals?
Numbers. But the chief way of storing spatial data for most of human history
has been the map—whether paper, Mylar, or computer image.

Numbers and text are composed of nicely behaved discrete symbols. Each
symbol may be represented by a bit of ink or by a few pixels on a computer
screen that fit neatly into a square roughly an eighth of an inch on a side. And, in
English, there aren’t very many different symbols: 10 digits, 26 letters
uppercase, another 26 lowercase, and a bunch of special symbols—in total a
maximum of 256. Maps use symbols also, but they are not nearly so well
behaved. For example, symbolizing a road may result in a wavy line 2 feet long.

As discussed in Chapter 2, maps are difficult to analyze, and it is hard to
compare maps. Also, the map has been the primary way of both storing and
displaying spatial data—an idea we discussed earlier. One of the major
advantages of a computer-based GIS is that we separate the storage function
from the display function.

A physical method of comparing maps involves a set of, initially, clear plastic



sheets, one for each theme in the study area. Each map is darkened in certain
areas to indicate the lack of suitability of that theme (for some activity or
structure) in the location. A completely clear area of the map might mean a
completely suitable area on the ground. A totally black area would indicate a
total lack of suitability. Other levels of suitability could be indicated by lighter or
darker (grayscale) areas. For example, suppose that you were searching for a site
for an airport. On one sheet, expensive land would be created as darker, less
expensive as lighter. On another sheet, areas where structures would have to be
demolished might be made black. A third sheet would show a very flat area as
clear. Assuming that all these maps were made the same size, shape, scale,
projection, and so on (quite a chore in itself), you could then line them up and
place them on a light table, making sure that equivalent geographic areas
properly registered (lined up) with one another, and look through them to
perceive the resulting image. Using this “map overlay” technique,’ the lighter a
resulting area, the more suitable that area would be. You can probably think of
several reasons why this method is pretty inexact (relative importance of
different factors, for one—are weather patterns as important as topography?), but
the overlay method was one way used to analyze spatial data sets that come from
several map sources.

How the Computer Aids Analyzing
Spatial Data

Computers can aid in spatial data analysis and synthesis in a variety of ways.
First off is speed. It helps that computers can add and compare numbers billions
of times faster than you can. (Computers, while stupid, are fast and accurate.
Humans are smart, but slow and sloppy.) Further, a computer is capable of doing
repetitive tasks (read: boring) for hours or years on end. You probably would not
want to know a person with this capability. A third virtue of computers in GIS is
the ability to store very large datasets.

A vital factor in using a computer to analyze spatial data is the paradigm or
schema (data model, data structure) that is used to store the data in the memory
of the machine. While the issues about the format in which to store data are not
unique to GIS, lots of other fields have much less of a problem. Usually when
one stores data in a computer, the questions that arise are ones like the following:



e Should I use integers or numbers with decimal points?
¢ [s the number likely to be very big or very small?
e Would it cause problems if I used a text string to store a numeric value?

Such sets of numbers usually exist in simple lists, databases, or perhaps in
matrices.

Complexity of Spatial Data

With spatial data the problem is much more complex than with numbers or text.
The natural and human-made environment we want to work with

e [s virtually infinite in detail
¢ [s a mixture of continuous and discrete phenomena
e Needs to be considered at different levels of detail

A computer, on the other hand, is finite (small, really) and discrete to a fault
(made up, at its most fundamental level, of things, i.e., bits, that either are or
aren’t, i.e., 1s or Os—there is no middle ground).

So the question is this: How can we extract significance from the complex,
virtually infinite, multidimensional natural and human-made environment and,
using only numbers, letters, and patterns of bits, make the computer form a
“map” that can be easily analyzed and compared with features that make up the
environment we are interested in. Put another way, we need to find a way of
structuring the geographic data in the computer’s memory so that we can derive
answers to queries we might make.

Structures for Spatial Data

What are the principles, fields, ideas, tools, and techniques that are in play in the
development of spatial data structure? There are several:
Geometry. A branch of mathematics that deals with the measurement,
properties, and relationships of points, lines, angles, surfaces, and solids.
With plane geometry we can define a set of polygonal areas with line
segments. We can overlay one polygonal set with another, using geometry to
calculate where line segments intersect and make new polygons.

Topology. Loosely, a branch of mathematics concerned with the properties
of geometric configurations that are unaltered when positions of points,



lines, and surfaces are altered. (Classic joke: A topologist is a mathematician
who can’t tell the difference between a coffee mug and a doughnut [since
each is a solid objects with a single hole].)

Look at the three plane figures composed of lines connected to nodes (see
Figure 4-1). Nodes are shown by heavy dots. While configuration “A” and
configuration “B” appear to have a lot in common cosmetically,
configuration “A” and “C” are topologically identical and Configuration “B”
is different from both. “A” and “C” have the same number of lines and
nodes as each other, and you can find equivalences in the connections of the
nodes in those two configurations. However, you cannot “map” “B” on to
either “A” or “C”. If you don’t see this, assign letters to the nodes and
numbers to the lines in all three. Make a table for “A,” “B,” and “C,”
showing what node is connected to what node with what line.

FIGURE 4-1
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Idealization. Easily manipulated symbols are substituted for actual, three-
dimensional real-world objects. All physical objects exist (over time) in
three-dimensional space. If the object’s measure in one or two dimensions is
quite small compared with other dimension(s), we may be able to safely
ignore a dimension or two. For example, we tend to think of a single sheet of
paper as a two-dimensional object, but of course it has thickness as well. We
might think of a fire hydrant (depicted on a map as a dot—just a geometric
point) as a zero-dimensional entity, but it is, of course, a three-dimensional
artifact. (Ask the engineer who designed it, the workpeople who installed it,
the firefighters who use it, or yourself, should you try to lift it.) Just as we
idealize objects depicted on maps, we do so in a GIS. We say that the fire
hydrant exists at a location specified by a single latitude and longitude pair,
when in fact parts of it exist at an infinite number of latitude-longitude pairs
—all, admittedly, close together but different nonetheless.

Aggregation. Entities having similar characteristics are put together. For



example, saying that an area has x acres where corn is grown and y acres
where soybeans are grown is a statement of aggregation. Information about
where respective acreages of crops are located may or may not be detailed.

Interpolation and extrapolation. We probable-ize. We assume. Data points
with a believed high degree of accuracy are interpolated or extrapolated to
obtain new information. If we know that the altitude of a certain point on the
Earth’s surface is 900 feet and that the altitude of another point very close by
is at 910 feet, we might interpolate between the two to say that the altitude
of a point half-way between them is 905 feet. To get a better estimate, we
might also consider the 890-foot contour and the 920-foot contour. In any
event, the elevation of such an unknown point is probably known to be not
less than 900 feet nor more than 910 feet. Thus, in some cases, there are
bounds on the error introduced by the process of probablization.

Categorization. We categorize when we break up a continuous set into a
number of discrete sets. For example, we might subsume slopes of 0° to 1°
in category A, slopes of greater than 1° up to 3° in category B, and so on.

Storage Paradigms for Areal Data

Now we turn to looking at the specifics of the different data structures used by
ArcGIS. Representing “almost zero-dimensional objects” (e.g., parking meters)
and “essentially one-dimensional objects” (e.g., narrow streams) is relatively
simple. If an object is, for our practical purposes, just a point then a simple,
single coordinate pair will suffice. If a feature can be represented by a sequence
of line segments, then just a sequence of coordinate pairs does the job.
Representing areas, however, is a much less straightforward problem.

Fundamental Bases of Geographic
Data Mode

Figure 4-2 is a orthophotoquad showing a picture of a piece of Earth’s surface. It
shows houses, green space, warehouses, roads, trees, railroad, parking lots, a
horse race track, and so on. Suppose that you have been given the task of
determining the area occupied by each of the feature types: x square feet of



housing, y square feet of highway, and so on. Information about where these
various land uses exist is also desired. Suppose further that the year is 1960 and
you have a computer available to use for the project. If you use the computer,
your employer insists that you store the information so that whatever you do can
be verified by someone else.

FIGURE 4-2 An orthophotoquadrangle of part of Lexmgton, Kentucky

What approach would you take? Basically, to use the computer, you would
have to transform the “picture” into numbers and symbols (which the computer
would transform into bits). For a given theme (such as land cover) these numbers
and symbols must answer two questions at the same time:

e WHAT? (entity or quantity)

e WHERE?

I don’t know how you would do this. If you think about it, you may come up
with a viable, effective, and efficient scheme that no one else has thought of. If
so, head for the patent office.

Here are approaches that others have come up with:



e Systematically divide the overall area up in a regular way into a large
number of equally sized subareas (e.g., small squares). Record what is in
each subarea. Have a reference scheme so that you know where each
subarea is. This technique falls under a broad category called raster (or grid
or cell). Almost always, a raster may be viewed as a rectangular space
composed of rows and columns. A given cell is at the intersection of a given
row and a given column.

e Completely delineate each of the features—*“delineate,” in this case, is a
real, physical delineation. It means: in the two-dimensional plane, draw a
series of straight-line segments around each area. Develop a method for
determining where the lines are and for giving each segment a direction.
This is often referred to as a vector? approach, since a directed straight-line
segment is a vector.

e Just to exhaust the fundamental types of GIS storage methods, although it
doesn’t help solve this particular problem: Partition a surface that is above
(or below, or both) the area of interest into irregular triangles. Except for the
periphery, each triangle shares sides and vertices with an adjacent triangle.
The triangles approximate the height of the surface (e.g., elevation), the
slope, and the direction (e.g., aspect). This sort of dataset is known as a
triangulated irregular network, or TIN, which you met briefly in Chapter 2.

The Raster Data Model

One way of systematically dividing up an area of interest is shown in Figure 4-3.
Here, regularly spaced horizontal and vertical lines, like those that generate the
squares of a chess board, make a grid that creates relatively small areas called
cells. In the past, and sometimes currently, the practice was to index each cell by
a row number and a column number. Generally, the top (north-most) row was
numbered one (1) and the left (west-most) column was numbered one (1). More
recently the indexing has shifted to strictly geographic coordinates. In this case,
the coordinates of the center of the southwest-most (lower-left) cell are specified
by the easting and northing of (usually) the center of that cell. The horizontal
and vertical lines are parallel to the x-and y-axes of the coordinate system. Since
the cell size is known, the coordinates of the center of any cell may be easily
calculated.

FIGURE 4-3 A basic raster that allows storage of categorical data
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If the person deciding on the spacing between the grid lines has done a good
job, and the overall area being depicted is cooperative, the user will frequently
be able to know, for each cell, what feature or condition most occupies the cell,
thus answering the “what” question. Actually, several issues, to be addressed
later, come into play in determining the “what,” when, as will frequently be the
case, more than one feature, or condition of the particular theme, appears in the
area covered by a cell.

The determination of “where” in the raster case is, on the surface, quite simple.
As 1 indicated before, if (1) the horizontal grid lines run east-west, (2) the
location of a specific cell is known (e.g., the upper left (northwest-most) cell is
known or the lower left (southwest-most)), and (3) the cell size is known, then
the geographic location of any given cell is a simple calculation based on the
row and column number of the cell.

Although a raster of squares (or “almost squares,” if the dimensions of a cell
are couched in latitude-longitude terms) is a set of discrete areas, the fact that
they are regular in nature, and that each one has the same configuration of four
nearest neighbors and four next-nearest neighbors, makes it a fairly good model
for representing continuous surfaces, where each cell probably contains a
different value indicating, perhaps, elevation. (see Figure 4-4).2

FIGURE 4-4 A basic raster that allows storage of continuous data
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A sequence of rasters is also an excellent way to represent, analyze, and
predict phenomena that change quickly over time, such as the spread of an oil
spill or a forest fire.

The raster approach can also represent discrete areas, albeit “lumpily” with
straight vertical and horizontal lines separating nonhomogeneous areas (see
Figure 4-5). Here three different areas, designated A, B, and C, are represented,
indicating, say, three different soil types.

FIGURE 4-5 Raster representation of areas
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The computation of “where” becomes more complicated if the matrix of cells
is not oriented along Cartesian grid lines or the graticule formed by meridians
and parallels, but, after all, computation is something that computers are good at.
A more subtle complication occurs if the area covered by the raster is large in a



north-south direction because of the issues related to projecting the curved earth
onto a flat plane. However, for the most part, the matter of location using a raster
approach is easily handled.

If a raster cell contains more than one type of area, as many on boundaries
between areas do, there is an approach called “quad tree” in which the raster cell
is divided into four subcells, as in Figure 4-6. If a subcell is homogeneous in the
feature value, then it is left alone. If not, it is redivided into four more sub-
subcells, and the process is repeated. This redivision continues until all the
subcells are homogeneous, or they become too small to make further
subdivisions reasonable.

FIGURE 4-6 The quadtree technique for storage of raster
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Vector Data Model

Using the vector approach, the level of difficulty of determining “what” and
“where” is somewhat reversed. The “what” is relatively simple. Each unique
area is enclosed inside a polygon, so the content of the polygon is homogeneous
—containing a unique value (or a unique set of values) related to the theme.
Contrast this with the raster approach, where several features or conditions may
occur in one cell and (usually) one feature or condition is picked for recording in
the database.

The “where” with the vector approach is a bit more problematical but usually
allows greater precision. Whereas with a raster approach, the location of each
area (cell) is but a simple calculation, with the vector approach, each vertex of
each polygon has an explicit geographic location. Therefore, the “where”
question may have thousands to millions of answers, in terms of coordinate pairs



for a large area or one with many polygons that have complex boundaries. Of
course, the issue with respect to projection, datum, and so on are present—for all
the coordinate pairs.

A Multiplicity of “Storadigms”

ArcGIS supports, or at least recognizes, several different spatial storage
paradigms:
1. File and Personal Geodatabases*
. Shapefiles
. Coverages
. Computer-aided design (CAD) files
. Vector Product Format (VPF) datasets
. Raster (GRID) datasets
. Triangular irregular network (TIN) datasets
. Terrain datasets

Numbers 2, 3, 4, and 5 of these are based on the concept of the vector. We will
examine and work with the first two extensively. Number 6 is the raster format
already briefly discussed and covered in detail in Chapter 8. Number 7, as
briefly discussed earlier, is a technique for storing data where there is an
independent, continuous variable (e.g., elevation) whose values are based on the
two dependent variables x and y, frequently longitude and latitude. That is, a TIN
is used to represent a surface. Terrains are based on TINs covering areas with
closely spaced data points.

Ideally, there would be only a single storage paradigm. We would store all
spatial data in this way, and when we made a query of the database, or asked for
a map of a given area and scale, it would be provided. One problem with this
approach is that different sorts of data—representing different aspects of the
environment—have distinctly different characteristics. Pick a point on Earth’s
surface. It has elevation. If there is soil there, it has physical characteristics.
Someone or some entity probably owns it. At a certain moment it has a certain
temperature, and over a year period it has an average temperature. It may be
suitable for growing some kinds of crops, but not others. It has a particular slope
and aspect. The vertical distance down to bedrock has a certain value, and that
bedrock is of a certain type. There may be a volume of coal or oil under the
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surface. The atmosphere above it contains some pollutants. We want to represent
these facts with datasets.

Some of this information is more easily and effectively stored in one paradigm
or format, other information in a different format. Further, a lot of inventing and
creating has gone into the problem of representing the infinite, continuous
environment as numbers, letters, and symbols. So we wind up with a lot of
different paradigms for storing spatial data, or, to coin a term, “storadigms.” One
advantage of using Esri software is that you may easily convert from one method
of storing data to another.

Vector-Based Geographic Datasets—
Logical Construction

Geodatabases and coverages are the two most sophisticated data structures used
by Esri software. They are sophisticated in different ways, as you will see later.
The coverage concept dates back many years and was the foundation of
ArcInfo—lines that represented linear features and that separated polygons were
call “arcs.” The geodatabase is a more recent development. You will spend a fair
amount of time and effort understanding and working with geodatabases. The
coverage data structure is, frankly, rapidly becoming obsolete. My
recommendation is that GIS professionals of today convert their coverages (and,
admittedly, there are a lot of them around) to the File Geodatabase structure.
Another data structure, the middle-aged shapefile, is relatively simple, but
because multitudinous data sets exist in this form, nationally and internationally,
it is also important. Understanding geographic data structure is vital to being
able to do some forms of analysis with GIS. Please note that you can convert any
of the three of these dataset forms into any of the others.

The primary elements of vector-based datasets are points (zero-dimensional
entities), lines (one-dimensional entities), and polygons (two-dimensional
entities). Terms used with all Esri data models are described in the sections that
follow, and then when we look at particular data models. Figures that graphically
show the entities follow in the detailed discussions of geodatabases and
shapefiles.



Z.ero-Dimensional Entities in a Two-
Dimensional Field: Points

While vital to the functioning of a GIS, a zero-dimensional thing (generically a
point) is pretty dull from a geometric view. It is basically a pair of numbers (x-
and y-coordinates, or perhaps, latitude and longitude coordinates) stored as
single-or double-precision numbers.¢

The concept of a point is used in a variety of ways in GIS to represent features,
as end points of lines, as vertices in sequences of line segments, vertices of
triangles, as reference points tying to the feature set to the real world, as
locations to hang labels on, as centroids of areas, as junctions and nodes in
geometric networks, as centers or corners of raster cells, and others.

We work mainly with points in a two-dimensional arena, but of course they
exist truly in three-dimensional space. ArcGIS will let us add information about
this third dimension, sometimes as what amounts to an attribute (a “z” value)
and sometimes (for example, in a TIN) as a measure in the true third dimension.
Even when a true 3-D point is represented, the units of measurement of the
vertical may not be the same as those used in the horizontal plane. Some of the
uses of points are described below.

Points representing features—In these cases, a point has associated with it a
row in a relational database table that identifies the point and allows the user to
add other (attribute) information about the feature the point represents. You
became acquainted with points representing features in the fire hydrant example
of Chapter 1. A point may be used to represent a feature that is too small to have
a meaningful area. How does the concept of a point fit into a vector system? A
point is simply a vector with zero magnitude and an unimportant direction.

Multipoints—A multipoint is a collection of points that share the same
attribute values (e.g., several gas wells which have the same characteristics and
the same owner). The collection of points is represented by a single row in a
table.

Vertices—Sets of coordinates where two line segments are joined or where a
line segment ends. Also considered vertices are the corners of a triangle in a
TIN. Usually, no database table row is associated with a vertex.

Labels—A point carrying textual information about what the point represents
or the polygon that the point resides in.



Junctions—Points in geometric networks where ends of lines (edges) are
joined. Discussed when we cover geometric networks in Chapter 9.

Lattice points—Set of points in a raster, usually defined to be at the centers of
cells.

One-Dimensional Entities in a Two-
Dimensional Field: Lines

You saw examples of lines representing streams and sewers in Chapter 1. Lines
were also used there to delineate boundaries of polygons. A line may be used to
represent a linear feature that is too narrow to have a meaningful area. As with
zero-dimensional entities, vertices on a line may have a “z” (e.g., altitude) value.

In GIS Terms, a line is a simple geometric entity that consists of a sequence
(that is, an ordered set) of vertices, which are simply coordinate pairs or triples.
Between each adjacent pair of vertices there is a segment. A segment is
frequently simply a straight line, but in vector-based geodatabase feature classes,
it can also be a part of a circle or ellipse, or it may be a spline (called a Bézier*
curve). A line that consists of multiple straight-line segments connected at
vertices can approximate a curve. Lines can therefore be used to represent
curvilinear features, such as roads and streams. The segments of a line are not
allowed to intersect each other.

Paths—A path is a line as described previously, composed of a sequence of
connected segments (or a single segment). The term “path” is used in vector-
based geodatabase feature classes.

Polyline—A polyline is made up of one or more paths. If there are multiple
paths, the paths may be connected or disjoint. Even if a polyline representing a
feature consists of multiple paths, it has only one row in the attribute table. If
polylines are used in shapefiles, the segments of the path must be straight lines.

Rings—In a geodatabase vector feature class, when a path encloses an area
(polygon), the path is called a ring. A ring starts and ends at the same place. A
ring is a sequence of nonintersecting segments that form a closed loop. Its
primary purpose is to enclose areas. If the segments are directed straight lines
(vectors), then the area enclosed is a polygon, in both the mathematical and GIS
sense. If the segments are curvilinear elements (arcs of circles or ellipses, or
splines), then the enclosed area is a GIS polygon, but not a geometric one. A ring



has an unambiguous inside and outside. The length of a ring is automatically
stored in the associated attribute table.

Arcs—Used in coverages which are not discussed here. (The arc concept is the
basis for the designation “Arc” of ArcInfo. An Esri arc is basically a vector.
“Info” was the name of the original brand of database that the system used.)

Routes—Routes are subsets or supersets of polylines. They allow the user to
define collections of linear features (e.g., the parts of a road system that
constitute bus route #99), or measured distances along a linear feature (where a
stream changes from clear to turbid). Routes make use of an m (measure)
number that specifies the distance along a feature to a location at which
something changes.

Two-Dimensional Entities in a Two-
Dimensional Field: Polygons

Let’s look quasi-philosophically at definitions of plane areas and the lines that
define them. Lines define polygons, but sometimes it’s not really clear what is
meant by some basic terms.

A common definition: A polygon is a closed plane figure bounded by three or
more line segments. This implies that the area inside the segments is included
and could be calculated. For example, a standard definition of a triangle is that it
is a three-sided polygon. But what is a triangle? It is the metal frame of a truss or
the sail of a boat? Which of the two figures below would you consider a
triangle?

Probably you would say both, although one is three line segments while the
other is an area. If the one on the right, which is an area, is called a triangle, then
what is the figure on the left to be called?

Also one could ask: what is a circle? Is it the curvilinear line? Or is it the plane
figure like a coin? That is, is it the locus of points at a distance “d” from a single
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point “c” (the center), or is it the locus of points at a distance “d” or less than “d”



from the single point “c.” “Circle” is used in English both ways.
Look at these figures—which do you consider the circle?

You still might say both, but probably the one on the left fits the usual
definition. The one on the right, with the area included, is more properly called a
disk (or disc). On the other hand, we speak of the “area of a circle” and have a
formula for it. But based on the definition of a circle shouldn’t we refer to “the
area within a circle”?

With ArcGIS we can make a definitive statement. A figure is a polygon if it
has an associated area. A sequence of line segments, although it may be closed,
is not considered a polygon. That being said, be aware that the ArcGIS
geodatabase definition of a polygon completely butchers the mathematical
definition of a polygon. The following are considered polygons:
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A polygon in ArcGIS, however, is almost always considered a plane figure
rather than the line elements that bound it.

Polygons—In geometry a polygon is a plane figure with three or more
straight-line sides. The sides may not cross. Perhaps you think of a polygon as a
square or hexagon—and you are correct. However, there is a finite but no small
limit to the number of sides a polygon may have, nor do the sides have to be of
equal length, as they are in a regular polygon where equal lengths of sides and
equal angles are the rule. It is not unusual for a GIS polygon to have hundreds of
sides.

In GIS we take a lot of liberties in the use of the word “polygon.” For one
thing, a GIS polygon can contain other polygons (which can contain other
polygons, which can contain other polygons, and so on). Further, while polygons
in shapefiles may only have “sides” that are straight lines, geodatabase polygon



“sides” may be parts of circles or ellipses, or may be Bézier curves. Still further,
a GIS polygon may be several polygons, as described later in the chapter.

In geodatabase and shapefiles, a single polygon (an entity with a single row in
a table) is formed by a collection of one or more rings—as defined previously. If
more than one ring is involved, no rings may touch.

Cells—A (usually) square area that (usually) contains a number related to an
entity or condition. Used in raster or grid data models.

Zone—A collection of cells that have the same value. Used in raster or grid
data models. The cells of a zone may be adjacent or nonadjacent.

Triangles—Plane, three-sided polygons used in the TIN data model, where
each triangle has a calculated maximum slope and direction (aspect). Further,
each point on or within the triangle has a z value, such as elevation.

Regions—This term is used in different ways depending on which data model
is being considered. In a raster or grid system, a region is a collection of cells,
all of which have the same value (i.e., are all of the same zone) and which are
connected to at least one other cell in the zone.! (So that you aren’t confused
later: even though we aren’t generally concerned with coverages, the term region
used with the coverage data model specifies something philosophically different
than with the raster model. And geodatabases handle this concept with what are
called multipart polygons.)

Three-Dimensional Entities in a
Three-Dimensional Field: Triangles
and Multipatches

Triangles are plane, three-sided polygons used in the TIN data model, where
each triangle has a calculated maximum slope and a direction (aspect). Further,
each point on or within the triangle has a “z” value such as elevation.

Multipatches are the outer surface, or shell, of features that occupy a discrete
area or volume in three-dimensional space. For example, a representation of a
building (discussed in Chapter 9).



Specific Esri Spatial Vector Data
Storage Mechanisms

Let’s now move to the specifics of the storage and manipulation of spatial data
based on Esri software. Esri is decades old and both its computer programs and
storage schema have evolved considerably. As mentioned, the original, elegant
data model—the coverage—that is based on using arcs to represent linear and
areal features is virtually obsolete. You should know how to convert coverages
(which you may come across because a lot of data sets are in this format) to
geodatabases, but that’s all you will need to know. You may recall that making
this conversion was presented in Chapter 1.

Geodatabases are the current “coin of the realm” in Esri software. All the tools
being developed deal with geodatabases. A plethora of topology rules and
topology fixes accompany geodatbases. Ideally, all coverages and shapefiles
would be converted to geodatabase form. However, that is a monumental
undertaking, of which, if you continue in the GIS field, you may be a part.

Sets of spatial data in Esri are primarily stored in geodatbases, shapefiles,
TINs, (and “super TINS” called Terrains). The interactions among these types
are fairly complex. Let’s start with the primary ways to store spatial data based
on vectors and rasters: geodatabases.

The Geodatabase Data Structure

Esri developed the geodatabase data model for the following reasons:

¢ To take advantage of increased computing power, data storage, and modern
relational database management systems (RDBMSs)

e Because ideas of how to store geographic data have become more refined

e To “umbrella-ize” the different forms of spatial data storage: vector, raster,
and, terrains (but not TINs, unless they are converted to terrains),

e To permit the use of “objects” that depict real-world entities, in terms of
both description (which is still done with attributes) and behavior

Geodatabase Software



Despite the idea of a geodatabase—storing all of geometry, a spatial reference
system, attributes, and behavioral rules for data in a single relational database
management system—things are still not simple. Esri software has to “partner”
with existing RDBMSs, so the conventions for dealing with spatial data must
conform to the different general conventions of these RDBMSs. For these and
other reasons, there are two Esri geodatabase flavors for single-user ArcGIS:
Personal and File. For multiuser Esri software there is the ArcSDE (Spatial
Database Engine). (Multiuser ArcGIS has Desktop, Workgroup, and Enterprise
versions.)

Personal Geodatabases: They depend on Microsoft Access RDBMS. The
datasets are stored within a data file, which is limited in size to 2GB. This was
Esri’s first version of storing both the geometry and the attributes in a single
database system. The extension on the name is .mdb, standing for “Microsoft
database.” While personal geodatabases suffer from several disadvantages
compared to file geodatabases (discussed below), they also have their strengths.
If you plan to remain in the Windows operating system environment, and want to
search and work with the ArcGIS software that stores attribute tables with
Microsoft Access, personal databases can be quite satisfactory.

File Geodatbases: Datasets are stored in folders in a file system. Each dataset
is held as a file that can be as large as one TB (Terabyte—roughly a billion
bytes, which would be more than 300 million pages of text. Esri recommends
that if you are starting from scratch, you should use a file geodatabase, rather
than a personal geodatabase. The files are held in a folder; the folder name has
extension GDB. It is not limited to the Windows operating system, and you may
choose from several RDBMSs to handle the database.

Personal and file geodatabases lack the ability to automatically keep up with
versions of the data, and there are restrictions limiting the people who can make
changes to the database. Personal geodatabases are usually smaller, run on less
powerful machines, and are intended for only a few users in a working group.

ArcSDE Geodatabase Technology

ArcSDE geodatabase technology exists in both single-user file geodatabases and
multiuser systems. Such databases are stored in a commercial RDBMS—
currently there is a choice of Oracle, Microsoft SQL Server, IBM DB2, IBM
Informix, and PostgreSQL. These geodatabases have virtually unlimited size;
they support many users and simultaneous editing sessions. ArcSDE is a



required piece of software. Because of the requirements to have an additional
proprietary RDBMS, we don’t discuss ArcSDE Technology (SDE means
“Spatial Data Engine”) further. But you should know it exists and supports GIS
in large and/or complex organizations where several to many people may be
viewing and editing the database at the same time.

For comparisons of the various types of geodatabases, you may examine the
help files: use the search tab to look for geodatabase types. Be sure to check out
the link to “Types of geodatabases.”

Polygons within Polygons—Perimeter
and Area Calculations

In representing the natural environment or the human-built world, we frequently
want to employ plane areas that are included in other plane areas: lakes in a
county, for example; islands in a lake; wetlands that are internal to an island; and
so on. As mentioned, many polygons are disjoint (that is, if you look at the area
covered by a polygon, you see no other polygons), but others are nested (when
you look at a polygon you see other polygons within it). The areas of all ArcGIS
polygons are mutually exclusive. Each has an identification, an area
measurement, and a perimeter measurement. Each has its own set of attribute
values. Geographically, however, they may be arranged in two different ways.
Consider Figure 4-7 with feature class representations A and B. The small
squares are 1 unit on a side.

FIGURE 4-7 A nested polygon compared with an adjacent polygon
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Feature class A consists of two lines and two polygons (P and Q). Polygon Q is
a nested polygon with respect to polygon P.



Feature class B consists of three lines and two polygons (R and S). Polygon S
is not a nested polygon. It is simply an area disjoint from polygon R.

The area of polygon P is 8 square units, calculated as ((3*3) — (1*1)); that is
also the area of polygon R. The area of polygon Q is 1 square unit; that is also
the area of polygon S.

The perimeter of polygon P is 16 linear units. This is the sum of the length of
the line that defines the outside of P (length 12) and the length of the line that
segregates the nested polygon Q (length 4). The perimeter of polygon Q is 4
units.

The perimeter of polygon R is 12 linear units, made up of two lines. The
perimeter of polygon S is 4 units, made up of two lines.

Again, polygons may be nested to (almost) any depth. Polygon Q could
contain three nested polygons, one of which might contain five nested polygons,
each of which might contain 22 nested polygons.

In determining areas and perimeters when nested polygons are involved, it
might be useful to invoke a rural analogy. Maybe you are raising llamas and
want to know how much area would be available for grazing. If the animals are
to be confined to a given polygon, say X, the polygon is the area an animal could
roam in, which does not include the area of any nested polygons.

Did you ever wonder how the computer “knew” which polygon your mouse
cursor was in when you used the identify tool? You, of course, can look at the
cursor and the image and tell which polygon the cursor is in. Your head contains
a remarkable spatial data processing system. But how does the computer know?
If you are interested in an explanation, locate information (on the Internet or
elsewhere) on the “point in polygon” problem.



Multipart Polygons

A polygon feature class consists of a set of polygons; each polygon refers to
some surface area on the Earth. However, an ArcGIS “polygon” may consist of
several geometrical polygons. For example, suppose that you wanted a dataset
that depicted of the area in square units of all the states in the United States. You
would find yourself delineating two types of areas. First, obviously, there would
be those defined by traditional state boundaries, which divided the landscape.
But you would also find states like Massachusetts. It consists of a mainland part
plus islands. Delineating the surface area of Massachusetts requires several
polygons, since the water around those islands could not be considered land area
belonging to the state.

Geodatabases—Layout in the
Computer

I said earlier that a GIS was the marriage between a (geo)graphical database and
an attribute database. The geodatabase still adheres to this in concept. I also said
that usually the attribute database was housed in a commercial relational
database management system (RDBMS) as mentioned earlier. The new wrinkle
is that the entire thing—geographic part and attribute part—is housed in a single
RDBMS file. This means, from the point of view of the software, all of the
geographic datasets have been rolled up with the attribute data into a single file.
For ArcSDE databases this file may be located in one of several commercial
relational database systems. To determine which commercial RDBMSs are used
by Esri software, consult the help files for the version you are using.

Personal geodatabases are housed using the Microsoft Access database system.
With ArcGIS 10. Differences between file or personal geodatabases and Esri’s
more extensive products include the lack of ability to automatically keep up with
versions of the data and restrictions of who can make changes to the database.
Also, single user geodatabases are usually smaller and are run on less powerful
machines.

With the single-file implementation of a GIS in a geodatabase, there is,
therefore, no temptation to go in with the operating system to move, delete, or



rename things; the components are somewhat hidden from the user, except
through ArcCatalog and ArcMap.

Geodatabases—Logical Construction

Within the single file of a geodatabase, there is the framework for quite a
complex hierarchy of elements. You have had some experience with this
hierarchy earlier, but here is a summary, with a bit of additional information. The
description is based on the file geodatabase, which resides within a folder.
ArcSDE geodatabases look somewhat different, but only at the top levels.
The database may consist of the following:
(A) Freestanding, and not necessarily related:

e Feature classes, resembling the point, line, and polygon classes you
have dealt with

e Raster datasets, which may represent surfaces (e.g., elevation), areal
phenomena (e.g., land cover), or images (e.g., orthophotoquads,
scanned maps)

e Triangulated irregular network (TIN) datasets?

e Tables, which are referred to as object classes, and which may be
imbued with “behavior,” as discussed later in the text.

(B) Feature datasets, whose constituents share a common geographic
reference (datum, projection, units, and so on) and that are composed of the
following:

o All the elements cited above in (A)

e A relationship class that is a set of relationships between the features of
two feature classes

e A geometric network that consists of

e A junction feature class
e An edge feature class.

Geometric networks are useful in a variety of areas, such as routing school
buses over a road network and keeping track of electrical or piping systems.
While I have avoided trying to divide GIS applications into categories, you
could consider that spatial problems that involve flows of entities through
conduits to be a major subclass of GIS problems—making GIS of major interest
to utility companies. Geometric networks support this sort of activity.



Geodatabases—Feature Shape

The concept that a row in a table contains the attribute values of a single feature
remains the same, but geodatabases allow great variety in what constitutes a
feature. Specifically, geodatabases allow multipoints, multipart lines, and
multipart polygons.

Points

In storing point features, geodatabases allow “multipoints.” A multipoint is a
collection of points associated with only a single row in the database, so all the
attribute values in that row apply to all the points. An ecologist may have
mapped gopher holes in an area. The only recorded difference between them is
location. So, they may be stored together as a single feature. See Figure 4-8
which shows two features—one multipoint feature depicted with dots and
another shown with x’s.

FIGURE 4-8 Two multipoint features: one dots, the other x’s
Two multipoint features
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Linear features are represented by polylines. A polyline is composed of one path
or several paths. A path is composed of sequentially connected segments that
may be straight lines, but also geometric curves. You may use a portion of a
circle or an ellipse (which are, mathematically, the plots of second-order
equations), or you may use a type of spline, called a third-order Bézier curve.
The path is a sequence of segments, and it has a left side and a right side. If a
polyline is a multipart polyline, then the paths that compose it may be connected,
disjoint, or some of each. Look at Figures 4-9, 4-10, and 4-11 for an
understanding of segments, paths, and polylines.

FIGURE 4-9 Permitted types of geodatabase segments
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FIGURE 4-10 A path in a geodatabase is composed of segments
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FIGURE 4-11 A polyline may be composed of one or more paths
Single-path polyline Multipath polyline
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Polygons

A single-part geodatabase polygon, without any island polygons within it, is
simply enclosed by a single ring. A ring might be thought of as a single path (see
Lines above) that starts and ends at the same point—that is, a ring is a closed
figure. Since it is a closed figure, the software knows whether any given
arbitrary point is inside the polygon or outside. One effect of using the complete,
single entity (ring) to delineate a polygon is that it divorces a given polygon
from its neighbors. (It also means that, for traditional disjoint—but adjacent—
polygon representation, such as ownership parcels, each vertex and line is stored
twice.) So, the traditional coverage topology, which assured that there were no
gaps or overlaps between polygons, is no longer present. This sort of topology
has been replaced by a much more general set of topological checks which the
user can invoke to ensure data integrity.

A geodatabase “polygon” may be what is called a multipart polygon. This may
be a set of two or more polygons. Either single-part or multipart polygons may
have other polygons nested inside them. So, the term “polygon” encompasses a
multitude of conditions. Please look at the illustrations in Figure 4-12.

FIGURE 4-12 Different configurations of a “polygon” composed of multiple
enclosed areas
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Nested Polygons in Geodatabases

It is important to look at the calculations of plane area (called Shape_Area) and
perimeter (called Shape_Length) for nested geodatabase polygons. Look at
Figure 4-13, which has an island polygon D that has dimensions of 2 units by 5
units. Be sure you understand the area and perimeter calculations of polygon A,
particularly with regard to the Shape_Area and Shape_Length.

FIGURE 4-13 A simple topological diagram in geodatabase form
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Geodatabases and Attributes



We said that a GIS was the marriage of a geographic database to an attribute
database. In a geodatabase, each row in the attribute database refers to an
“object” that is a point feature, line feature, or polygon feature.

One of the indications of maturity of the GIS field is the growing emphasis on
attribute data correctness and integrity. All large databases, spatial and
otherwise, contain errors. With geodatabases, a number of built-in capabilities
promote data quality. For example, suppose that you are building a database of
the roads in your county. One attribute in the database is the material the road is
made of. Perhaps you know that the only allowed materials are concrete, asphalt,
macadam, and gravel. With geodatabases you could allow a data entry person to
only select among these four. First, this makes data entry faster. Second, it
avoids the possibility that someone will type in “asfault” instead of “asphalt.”
The items concrete, asphalt, macadam, and gravel constitute a domain for the
roads feature. You could also set a default value for roads. If no other value is
entered, the value of the attribute would automatically be set to “concrete.”

Subtypes

Geodatabases go even further in promoting data integrity. Within feature type,
say roads, you can define subtypes of roads. Perhaps your planning agency has
classed all the roads as freeway, major, or minor. You could set up the database
so that “concrete” was the default material for freeways, “asphalt” for major
roads, and “macadam” for minor roads. Also you could set the domain for minor
roads so that the number of lanes could only be one or two. A subtype is
basically an attribute of the feature that gets special attention from the software.

Objects—First Acquaintance

A more profound difference between the depiction of features in the coverage
data model and that of the geodatabase is that features are not just geometric
entities with attributes, but objects, in the computer science sense of the word.
The study of electricity and magnetism is customarily divided into two general
areas: fields and circuits. The term fields refers to the characteristics of the
invisible forces that are caused by magnetic material or by current flowing in a
wire. The term circuits refers to the study of electricity where electrons are
confined to wires and other elements. You might think of a loose analogy



between fields and areal features, on one hand, and circuits and linear (network)
features, on the other. In networks, entities such as trucks and gas molecules are
confined within physical structures, as the electrons are confined within the
wires of a circuit. While Esri products have had a network capability for a long
time—mainly to deal with transportation systems—the geodatabase takes this
capability to new heights. Using the networking features of ArcGIS 10
geodatabases, you can represent and simulate complex and extensive linear,
human-built infrastructure—loosely: pipes, wires, and roads.

This new networking capability is facilitated by storing geographic features
and their attributes in a database system that is “object-oriented.” Each row
represents an object. Objects are described by attributes. But objects can also
have “behavior.” For a human example, you might describe a person’s
characteristics with attributes, such as weight, hair color, and irritability.
However, if in addition, you “allow behavior,” then the person might be
instructed to drive to the store for a jar of pickles. This process could involve
other objects: a particular automobile instructed to allow the person to drive it, a
cashier who would accept money for the pickles, and so on. To bring this closer
to GIS, a road object might be allowed to connect to another road object, but not
to a freeway object. For another example, a high-pressure gas line could be
connected to a high-pressure valve, but not to a low-pressure valve. Objects in
geodatabases bring us one step closer to integrating the various ideas and
components of GIS. A detailed discussion of geodatabase objects is beyond the
scope of this text.

The Shapefile Data Structure

Geodatabases are powerful and sophisticated data structures. In addition to
topology, you get for free the area and perimeter of delineated areas and the
lengths of linear features. However, Esri also supports a much less complex data
structure: the shapefile.

A shapefile combines the same two essential major elements that geodatabases
do: a (geo)graphic component and an attribute database. The database software
is a relational database management system named dBASE.

A particular shapefile is restricted to represent only one of these types: points,
multipoints, polylines, or polygons. With points, each individual point has a
record in the relational database. If a number of points are considered the same



object, then that object has only one record in the attribute table. As with
geodatabases, polylines can be composed of one or more paths, connected or
disjoint. However, the paths are allowed to be composed only of straight-line
segments.

A polygon in a shapefile bears similarity to a polygon in a geodatabase, but no
topology is present and none can be created. Each polygon is a stand-alone
affair. It is delineated completely by one linear entity: a sequence of segments
that starts in one geographic location and returns to that location. There may be
adjacent polygons or not. Other polygons may overlap it. See Figure 4-14.

FIGURE 4-14 Shapefile polygons illustrating problems with overlaps and
gaps. (Polygon W has a curving right boundary; polygon X has a straight

left boundary.)
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A problem to which shapefiles are particularly susceptible is that there may be
slivers of overlap or slivers of vacancy (gaps) between intended polygons, and
there is nothing you can do about it if the data remains in shapefile format. In
Figure 4-14 the sliver “a” is claimed by both W and X, while sliver “b” is in
neither.

A geographic area partitioned into mutually exclusive shapefile polygons will
have duplicate information. Since the total boundary of each polygon is defined
for that polygon, any common lines are “double digitized.” Further, there are two
independent boundaries, and you have no assurance that they are congruent.
With geodatabases, you can make topological rules to ensure that polygons do
not overlap or have gaps, but not with shapefiles.

With shapefile polygons, you do not get the area and perimeter as attributes.

The advantages of shapefile representation are simplicity, processing speed,
drawing speed, and, usually, economy of storage. Shapefiles are useful when you
do not need sophisticated geoprocessing. Do be aware that a lot of GIS data sets
have been put into shapefile format. There may be considerable conversion to
geodatabase format in your future if you want to use those data sets in
geoprocessing.



Shapefiles—ILayout in the Computer

The format for a shapefile on a disk drive is also much simpler than that of a
coverage or a geodatabase. Basically, at least three files in a folder are required
for a shapefile. If a folder named AMENITIES contains a shapefile named
LAWN_SPRINKLERS, then AMENITIES will contain at least these files:

e lawn_sprinklers.shp (contains the geographic information)

e lawn_sprinklers.shx (contains the spatial index to the geographic
information)

e lawn_sprinklers.dbf (contains the dBASE table for the attribute information)

Other files (lawn_sprinklers.sbx, lawn_sprinklers.sbn, lawn_sprinklers.prj
(containing the projection information) and lawn_sprinklers.shp.xml (containing
the metadata) may also be present. So the term “shapefile” is somewhat a
misnomer, if one expects a single computer file. ArcCatalog, of course,
represents as shapefile as a single entity, but to the operating system, it is several
files. You could actually move a shapefile from one folder to another using the
operating system. You would simply move all the constituent files, but this is not
a recommended practice; use ArcCatalog instead. (Recall that with geodatabases
there is no issue with moving or renaming because you can’t see the constituent
feature classes with the operating system; they are locked away in a single
database file.)

When you access a folder containing the files that make up a shapefile in
ArcMap or ArcCatalog, you see only the designation—continuing our example
—Ilawn_sprinklers.shp. The other files are hidden, so you may think of the
shapefile as just one entity.

Shapefiles are important because they have been around for some time and
immense numbers of datasets are in shapefile format. Shapefiles were the data
format of choice for Esri’s ArcView software (up through version 3).»

Summarizing Vector Dataset Features

For various reasons relating to technology and history, Esri now has two major
ways of storing vector datasets: geodatabase, and shapefile. Some of the
differences relate to functionality and some mostly to terminology. Shapefiles
and geodatabases have a lot in common. Geodatabases and shapefiles allow
multipoints. They both delineate polygons with rings. They use polylines,



composed of segments, with one or more paths. The similarities end there.
Geodatabase segments may be circular arcs, elliptical arcs, or Bézier curves.
Geodatabases allow for topological relationships; shapefiles do not. A major
feature of geodatabases is the ability to use a geometric network (composed of
junctions and edges that possess not only attributes, but behavior). Geodatabases
calculate the lengths of lines and rings, and the areas of polygons—and
shapefiles do none of that. Geodatabases allow subtypes of features, while
shapefiles do not. So, the semi-witty comparison that a geodatabase is a
“shapefile on steroids” greatly understates the case.

Summary of Logical Structures of
Vector-Based GIS Datasets

In terms of logical structure and layout within the computer, shapefiles are at the
surface. The files that constitute a shapefile may reside anywhere on a hard disk,
provided that they are all in the same folder. Attribute data is always stored in
dBASE tables. Only a single feature type—point, multipoint, line, or polygon—
is stored in a given shapefile.

A personal geodatabase is a single file in Microsoft Access. A file or enterprise
geodatabase may wuse any of several commercially available database
management systems.

Raster-Based Geographic Data Sets—
Logical Construction

In GIS a raster is a set of equally sized squares" that cover a rectangular surface.
Rasters are used in two basic ways in GIS:

e As rasters that store attribute information about the area covered by the
square (such as elevation, or soil type), in which case individual squares are
called cells.

e As images such as orthophotoquads, where the squares are picture elements
(referred to as pixels), containing values that prescribe the intensities of
visual colors (e.g., red, green, blue) as well as IR (infrared), UV (ultra



violet), and thermal spectral elements.

Rasters (Grids)

The raster data model, which can be very useful in spatial analysis,? comes in
two flavors: those in which the cells contain integer numbers and those in which
the cells contain floating-point numbers. In each case, each raster cell may
contain a single number. If that number is in integer form, then the raster
represents categorical or discrete data. Each different integer represents a type of
object or a condition. If the numbers in cells are floating point—that is, they
contain numbers that may have decimal fractions—then the raster may represent
continuous data such as an elevation surface over the area of interest. Integer
rasters usually? have associated with them a value attribute table (VAT).
Floating-point rasters usually do not have a VAT.

Each record in the VAT of an integer raster has a minimum of three fields: an
ID field, a Value field, and a Count field that indicates the number of cells in the
data set with the given value. For example, Table 4-1 shows a part of a Kentucky
land use dataset you examined earlier.

TABLE 4.1
ObjectID|Value|Count

1 5 2,387,059
5 14 (2,606,086

You may recall that value “5” indicated water and “14” indicated
transportation, communication, and utilities. A set of cells that contained the
same number is called a “zone,” whether the cells are adjacent to one another 