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Preface

Getting to Know ArcGIS Desktop is a workbook for students and
professionals who are getting started in the field of geographic information
systems (GIS). Its detailed, step-by-step exercises teach you the core
functionality of ArcGIS Desktop software: how to make maps, carry out
spatial analysis, and build and edit spatial databases in the context of realistic
projects. The exercises are supported by conceptual discussions at the start of
each chapter and as needed throughout the book. Abundant color graphics
confirm your progress along the way.

Getting to Know ArcGIS Desktop is a hands-on workbook that’s meant to
be a practical manual for classroom lab work or on-the-job training. If you
have no GIS background, chapter 1 will give you a quick overview. If you
have no ArcGIS software experience, chapter 2 will provide a background on
Esri GIS software products. The remaining 18 chapters require you to work
through software exercises as you read. Each of these chapters contains two
to four exercises that focus on a particular GIS task or problem. Many
common tasks are covered, including navigating digital maps, finding GIS
data online, setting map projections, symbolizing and labeling maps,
classifying data, making map layouts, building spatial databases, editing data,
geocoding addresses, querying maps, processing data, and analyzing spatial
relationships.

About the software and data

Exercises are designed to be performed using ArcGIS Desktop 10.6. If you
are using an older version of ArcGIS, you will be able to do most of the
exercises, but your results may be somewhat different. To complete Chapter
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20, you will need to install and enable the ArcGIS Spatial Analyst extension.
If you are using older software, you should download the latest trial software
to use with this book. To make sure your Windows system meets ArcGIS
system requirements, go www.esri.com/arcmap/10.6/sysregs.

You can download data for the book exercises from the book resource
page, esri.com/GTKAD-5. The 180-day trial software is only available with
the printed book.

How to use this book

Each new exercise in Getting to Know ArcGIS Desktop is a fresh starting
point, with the maps and data you need already prepared for you; however,
we advise you to complete the chapters in order, because tools and functions
introduced and fully described in early chapters may be referred to without
description in later chapters. The exercises will work, however, no matter
which chapter you start with. Each chapter takes one to two hours to
complete.

What’s new in this edition
The fifth edition of Getting to Know ArcGIS Desktop retains all of the new
elements introduced in the previous editions, including learning objectives,
chapter summaries, questions for critical thinking, software tips, independent-
challenge tasks (“On your own™), and a glossary of key terms. Glossary terms
will appear in a different color in the text.

The fifth edition has been tested and updated to reflect the most recent
software release.

We hope you enjoy Getting to Know ArcGIS Desktop.

Michael Law
Toronto, Canada

Amy Collins
Napa, California
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Although much of this volume has been revised and updated with new
material for the third, fourth, and fifth editions, its existing structure was
solid. We are deeply indebted to the original author team who made Getting
to Know ArcGIS Desktop a best seller for many years—Tim Ormsby, Eileen
Napoleon, Rob Burke, Carolyn Groessl, and Laura Bowden. No small
amount of the original text remains in this edition, and we truly hope their
straightforward teaching style and intent—making sophisticated software
accessible to all levels of learners—remain intact.



(c) ketabton.com: The Digital Library

Part 1
Getting to know GIS
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Introducing GIS

Learning objectives

e Learn the uses of geographic information systems (GIS)
e Learn how GIS layers work
e Differentiate between GIS features and surfaces

e Obtain preliminary understanding of feature locations, scale, and
attributes

e Obtain preliminary understanding of spatial relationships between
features

A geographic information system (GIS) allows you to study and explore
everything about a place. With a GIS, you can identify and analyze the land
features, climate, boundaries, population, resources, and many other things
about places that interest you. In the past, you needed to use paper maps,
globes, and a variety of hard-copy data sources to perform these analyses.
Now, a GIS makes the maps, globes, data, and analysis tools available on
your computer, allowing you to perform sophisticated analysis, map your
results, and store and share your information digitally.

An example of the type of map you could study or create in a GIS is a
population density map, which shows the distribution of population in
relation to specific areas (e.g., cities, census tracts, counties, states,
countries). Population density information is important to consider when you
are mapping areas that vary greatly in size; for example, 200,000 people
living in an 8-square-mile county and 200,000 people living in an 80-square-
mile county are very different conditions. Population density, in turn,
provides context for other maps in your study, which may show
demographics, economic statistics, or housing prices.
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Another analysis you can perform with a GIS is to find locations that
meet specific criteria. For example, if you work for a real estate company,
you might have access to a GIS database of properties with associated
property values that you could use to generate sales data. If you work for a
utility company, you might use a GIS to coordinate, map, and manage the
thousands of repairs you have to complete each year.

You can also use a GIS to analyze what is happening around a specific
area. For example, if you work for an environmental agency, you might map
wildlife species’ habitats and take inventory of vegetation across a region to
better understand the relationship between them. If you work for a water
conservation agency, you might analyze areas adjacent to stream watersheds
to gauge how natural features, seasonal water flow, and existing habitats
change.

You can also use a GIS to map how and where things evolve over a
period of time to learn about subject movement and behavior. If you work for
a public health agency, for example, you might track an influenza outbreak
geographically to try to determine its origin, find disease clusters, and
identify areas of high risk. You can use a GIS to evaluate current situations
and anticipate future conditions. For example, you could track and model
hurricane data to provide early warning for evacuation schedules that can
help save people’s lives.

Basic GIS principles

The following sections will introduce you to some basic principles of GIS.
These concepts will become clearer and more understandable as you work
with the software in chapters 3 through 20.

A GIS map contains layers

On a paper map, you cannot peel cities away from countries or countries
away from the ocean, but on a GIS map, you can. A GIS map is made up of
layers, or collections of geographic objects that are alike and defined by a
visual symbol. To make a map, you can add as many layers as you want. On
the map shown, the transmission lines are layered on top of the electricity
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generation circles, which are then layered on top of the coal basins, and
finally are layered on top of the terrain and ocean layers. This creates an
important layer hierarchy on the map.

Amsessed Coal Areas
0 Coal Rosing

Tranamission Lines (Hilovelts)
s 118
Favant ]
FAY AR |
Fava - |
A 3B
S00

Electricity Generation (Mefric Tonnes)
- B - 250000
& 250000 . 800060
& 50000 - T50000
@ 7s0000 - 1000000

.‘ 1930000 - 16000003

This map of North America shows state boundaries, lakes, rivers, terrain, and the ocean. It
also shows the amount of electricity generation, transmission lines, and locations of coal
basins. The map is accompanied by a legend that shows some of its layers. Map courtesy of
Kansas Geological Survey at the University of Kansas. Data from Regional Carbon
Sequestration Partnerships.

Layers may contain features or surfaces

On the map shown, the coal basins layer includes many different basins, and
the transmission lines layer contains many different lines. The same is true of
the states and lakes layers—each layer contains many of the same types of
things. Each geographic object in a layer—each state, lake, transmission line,
or coal basin—is called a feature.

Not all layers contain features. The ocean layer is not a collection of
geographic objects as are the other layers. It is considered a single,
continuous expanse that changes from one location to another according to
the depth of the water. Similarly, the terrain layer shows the elevation of the
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landscape. A geographic expanse such as this is called a surface.

AprTRE
.._“nﬁi‘?ﬂ g
This topographic map shows the terrain of a landmass and the seafloor. Map made with
Natural Earth.

Features have shape and size

Geographic objects have an endless variety of shapes; however, they can all
be represented as one of three geometrical forms: a polygon, a line, or a
point.

Polygons represent objects that are large enough to have boundaries,
such as countries, lakes, and tracts of land. Lines represent objects that are
relatively too narrow to be polygons, such as rivers, roads, and pipelines.
Points are used for objects that are relatively too small to be polygons, such
as cities, schools, and fire hydrants. The same object may be represented by a
polygon in one layer and a line or a point in a different layer, depending on
the scale of the layer.

Polygons, lines, and points, collectively, are called vector data.
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Earthquake epicenters and seismic hazards in Indonesia. Polygons are used to represent
landmasses, points to represent earthquakes, and lines to represent subduction zones. Map
and data courtesy of US Geological Survey.

Surfaces have numeric values rather than shapes

Unlike countries or rivers, natural phenomena, such as elevation, slope,
temperature, rainfall, and wind speed, have no distinct shape. What they have
instead are measurable values for any location on the earth’s surface. For
instance, wherever you go you are either at sea level or a number of meters
above or below it. Geographic phenomena such as this are easier to represent
as surfaces than as features.

The most common kind of surface is a raster, a matrix of identically
sized square cells. Each cell represents a unit of surface area—for example,
10 square meters—and contains a measured or estimated value for that
location.
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A close look at this raster of ocean depth shows that it is composed of square cells. Each cell
holds a numeric value indicating ocean depth. Map made with Natural Earth.

The world is not divided neatly into features and surfaces. Many things
can be looked at either way—as a feature or as a surface. For example,
polygons are often used to mark the boundaries of different vegetation types
in a region, but this implies that the change from one type to another is more
abrupt than it probably is because one type of vegetation often blends into
another. Vegetation can be represented not only as a polygon, but also as a
raster surface, with each cell value standing for a type of vegetation.

Features have locations
If you were asked to find Berlin, Germany, on a map of the world, it probably
wouldn’t take you very long. But suppose Berlin wasn’t shown on the map.
Could you make a pencil mark exactly where it should be?

Now suppose you could lay a grid or graticule over the world map and
you knew that Berlin was a certain number of marks up from and to the right
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of a given starting point. In that case, it would be easy to put your pencil on
the right spot. A grid of this kind is called a coordinate system, and it is what
a GIS uses to put features in their proper place on a map.
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On this map, a coordinate system has an x-axis and a y-axis. The intersection of the axes is
called the origin. Feature locations are specified by their distance from the origin in meters,
feet, or a similar unit of measure—in this case, lines of latitude and longitude. Data from Data
and Maps for ArcGIS 2010, courtesy of ArcWorld, DeLorme, Esri, and ArcWorld Supplement.

The location of a point feature on a map is defined by a pair of
coordinates. Berlin has coordinates of 52°30" N (latitude) and 13°25" E
(longitude). A straight line needs two pairs of coordinates—one at the
beginning of the line and one at the end. If the line bends, like a river, there
must be a pair of coordinates at every location where the line changes
direction. The same holds true of a polygon, which is simply a line that
returns to its starting point.

Features can be displayed at different sizes

On a GIS map, you can zoom in to see features at a closer range. As you do,
the scale of the map changes.

Scale, commonly expressed as a ratio, is the relationship between the
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size of the features on a map and the size of the corresponding places in the
world. If the scale of a map is 1:1,000,000, it means that features on the map
are 1/1,000,000th of, or 1 million times smaller than, their true size.

s mg:,_gm‘gm% b
s il Dﬁeﬂ'; ey 4

TGALI Ry~ cataaie

A utilities map at a scale of approximately 1:1,000,000. County, state, and shoreline
boundaries are shown. Copyright Platts, a division of the McGraw-Hill Companies Inc., 2008.
All rights reserved. Data from Energy Advantage and POWERmap from Platts.

Zooming in gives you a closer view of features within a smaller area of
the map. The amount of detail in the features does not change, but what
details you can see changes. A river has the same bends, and a coastline has
the same crenulations, whether you are zoomed in and can discern them or
are zoomed out and cannot.
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A city transit map at a scale of approximately 1:12,000. Building footprints, roads, and transit
lines are visible. Copyright RMSI and Universal Map Group LLC, 2009. Reproduced by

permission.

How much detail the features have depends on the layer you are using.
Just as a paper map of the world generalizes the boundaries of Brazil more
than a map of South America does, so do different GIS layers contain more
feature detail or less.

Internet basemaps, such as those on the ArcGIS Online platform, cover a
wide range of map scales—and a wide level of detail. A map can have
several levels of detail that correlate to the scale range. As you zoom in,
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layers at small scale with less detail will be turned off, and new layers at large
scale with more detail will be turned on. Each zoom level can be perceived as
being made up of seamless data—each level, however, is made up of layers
composed of several datasets, all with varying amounts of detail, and all of
which are contained within a spatial database.

Features are linked to information

A feature is more than its physical shape and location. A feature also includes
everything else that might be known about that feature. For a country, this
might be its population, capital, system of government, leading imports and
exports, average rainfall, and mineral resources. For a road, it might be the
speed limit, the number of lanes, whether it is paved or unpaved, and whether
it has one-way or two-way traffic. A great deal of information exists about
any feature, whether it be a humble length of sewer pipe or the vastness of an
ocean.

Information about the features in a layer is stored in a table. The table has
a record (row) of each feature in the layer and a field (column) for each
category of information. These categories are called attributes, and the table
is called an attribute table.

Table O x
ERERCTS
Country Areas [generalized) X
ObjectID * | Shape ™ | FIPS CHNTHY CNTRY HAME LONG MHAME FPOP2007 S5QKM SAMI -
183 | Foloon CH Chinz People’s Republic of China 1321851368 | 9402886.98 | 3634B4.7 | [ 1
153 | Polvgon i India Fepublic of Indz 1123866154 | 31330095 | 121737713
150 | Polpon s Unit=d States United Steres of Amenca 30113947 9426295 | 363MI25
235 | Polygon 1] Indoresia Republic of Indonesia ZHE33397 1847033 | 71313944
Z0 | Folygon BR Brazil Federstve Repubic of Brazl 1500710647 BN [ TS
178 | Polgon PK Pakistan |slamic Republic of Pakistan 169270617 | 83020269 | 33984675
180 | Folygon BG Bangladesh Penople’s Feoublic of Bangladesh 150448339 | 135659292 52391.03
102 | Folygon RS Ruszia Fuszian Federation 141377752 16B975d | &524DM35
117 | Folygon Ml Nigera Federal Republc of Migena 135037164 | S9133E7.28 352659.06
157 | Polygon JA J=pan Japan 127467972 | 37072688 | 14313765
39 | Folygon 3 Menico rited Mexican States 108700291 | 1953851.13 | 75438188 -
M4 0o @E {0 out of 249 Selected)
|| Country. Arees (asneralized) ;

The attribute table of a layer of countries includes each feature’s shape, ID number, name,
population, and area, among other things. Data from Data and Maps for ArcGIS 2010,
courtesy of ArcWorld Supplement and Esri.

Features on a GIS map are linked to the information in the feature’s
attribute table. If you select Brazil on a map, you can bring up all the
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information stored about Brazil in the attribute table of countries. If you
select a record in the table, you will see the corresponding feature highlighted

on the map.
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Brazil is highlighted in the attribute table of countries, and it is similarly highlighted on the
map. Data from Data and Maps for ArcGIS 2010, courtesy of ArcWorld, DeLorme, Esri, and
ArcWorld Supplement.

The link between features and their attributes makes it possible to ask
questions about the information in an attribute table and display the answers
on the map. You can use this ability to locate and identify specific features.
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Which countries belong to the continent of Asia? Data from Data and Maps for ArcGIS 2010,
courtesy of ArcWorld, DeLorme, Esri, and ArcWorld Supplement.

T

Which countries have a population of 1 billion or greater? Data from Data and Maps for
ArcGIS 2010, courtesy of ArcWorld, DeLorme, Esri, and ArcWorld Supplement.
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Which cities in Asia are national capitals and which are not? Data from Data and Maps for
ArcGIS 2010, courtesy of ArcWorld, DeLorme, Esri, and ArcWorld Supplement.
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Which cities in Asia are capitals and have populations of 5 million or greater? Data from Data
and Maps for ArcGIS 2010, courtesy of ArcWorld, DeLorme, Esri, and ArcWorld Supplement.

Similarly, you can use attributes to create thematic maps—maps that use
colors or other symbols to indicate the nature of feature attributes.
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This map shows the percentage of a state covered by the common land unit, the smallest unit
of agricultural land that can be enrolled in a farm program administered by the US Department
of Agriculture. Map and data courtesy of US Department of Agriculture Farm Service Agency
Aerial Photography Field Office (USDA-FSA-APFO), 2009.

Features have spatial relationships

In addition to asking questions about the feature information stored in
attribute tables, you can ask questions about the spatial relationships between
features—for example, which features are nearest others, which cross others,
and which are contained by others. The coordinates of features are used in a
GIS to compare their locations. On the map shown, the relationships between
parcel locations, water lines, and valves are established in the GIS.
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This utility map shows parcel locations, water lines, and valves for Cobb County Water
System in Marietta, Georgia. Map courtesy of Cobb County Water System. Data from Cobb
County GIS.

It is critical to the utility’s distribution operation to ensure the isolation of
the high-pressure system from the normal-pressure system. The map provides
detail for each of the essential valves located in the high-pressure water
system. Which water valve belongs to which parcel? Which water line
crosses a main road? Which valve affects the water pressure of which water
line? By taking a close look at the map, engineers can quickly make informed
decisions on pressure problems reported in the area and determine whether
extending the high-pressure zone is a potential solution.

New features can be created from areas of overlap
Queries about attributes and spatial relationships identify existing features
based on whether they have or do not have certain qualities. To solve some
geographic problems, however, it is necessary to use a GIS to create new
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features from existing ones.

On the map shown, a GIS database containing layers such as soils,
slopes, rivers and streams, wetlands, floodplains, parks and natural areas,
significant habitat inventory, greenways, and natural hazard data was used to
identify regionally significant areas.

"L

&= i Feglonally significan lndscane feaures

1 o L b e
Regionally significant landscape features are derived from other features in the area
surrounding Portland, Oregon. Map courtesy of Matthew Hampton, Oregon Metro. Data from
Metro Regional Land Information System, Esri, National Park Service Natural Earth, Nature
Conservancy, and Oregon Natural Heritage Program.

To find places that meet the specified conditions, the cooperative
expertise of various federal, state, local, and private organizations was used in
a GIS to find areas of overlap among features in the different layers. The map
shows significant natural systems and land patterns that define the quality and
character of the region and capture its sense of place. This allows for resource
protection at a larger landscape and ecosystem scale and helps define where
future growth should and should not occur. The new feature’s boundary is the
area of overlap that is different from the boundaries of the features from
which it was created. The result of the analysis is a new layer that shows
regionally significant landscape features.
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Data requires management

GIS data can quickly grow complicated. Early in the planning stages of a GIS
project, you must decide how to organize your spatial data, for example, by
type, geography, or granularity. Regardless of which approach you use,
recording metadata (information about data) for your spatial data is a key tool
in your data management strategy.

Where to store data is often another problem. Small projects can be
stored on a local drive, but some datasets are extremely large and need to be
accessed by many people. In this case, storing data on a central server is a
good solution. Large-scale shared data strategies, such as those employed by
government agencies, private companies, and individuals who collect large
datasets, use server GIS or cloud networks to ensure secure data governance,
reduced redundancy, and compatibility with a wide range of systems.

You now have some idea of what a GIS is and what it can do. In chapter
2, you will learn more about ArcGIS Desktop.

Terms

GIS
vector
raster
graticule
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Introducing ArcGIS

Learning objectives

e Name the ArcGIS Desktop applications used for general mapping and
data management

e Briefly describe some ArcGIS extensions
e Know the components of the ArcGIS platform
e Browse through Esri® data sources

In ArcGIS Desktop, you can query data; analyze spatial relationships, such as
distance, intersection, and containment among map features; and overlay
layers to discover how different types of data are interrelated at a particular
location.

You can also create and edit data with a complete set of drawing and
editing tools. Multiple users can take advantage of versioned data
capabilities, allowing more than one person to edit data simultaneously. You
can also check data out of a database, edit it in the field, and then check it
back in.

Additionally, ArcGIS Desktop offers a full set of spatial analysis tools to
perform advanced GIS data analysis, modeling, and data conversion. It also
provides high-end cartographic tools and advanced capabilities for data
translation, creation, and conversion of a wide range of spatial file formats.
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Applications and tools

ArcGIS Desktop comprises several applications in which you will do your
work. The ArcMap and ArcCatalog applications are the most frequently used.
The ArcScene and ArcGlobe applications are used for three-dimensional
(3D) visualization. Core ArcGIS Desktop geoprocessing tools are available
through the ArcToolbox window and the ModelBuilder application, which
are accessible from both ArcMap and ArcCatalog.

ArcGIS Desktop applications
GIS tasks can be broadly divided into two categories: (1) mapmaking,
editing, and spatial analysis; and (2) database design and data management.
This division of tasks is reflected in the functionalities of the ArcMap and
ArcCatalog applications, the core components of ArcGIS Desktop.

ArcMap is the ArcGIS application for making maps and analyzing data.
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ArcMap has a data view for creating, symbolizing, and analyzing maps. Map from the Florida
Geographic Data Library, courtesy of the University of Florida GeoPlan Center.
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ArcMap has a layout view for composing maps to be printed. You can add a title, scale bar,
legend, and other elements. Map from the Florida Geographic Data Library, courtesy of the
University of Florida GeoPlan Center.

ArcCatalog is the ArcGIS application for data management.



(c) ketabton.com: The Digital Library

& AreCataing - C\EsniPress\GTKArGIS, Chapren] s Data = m *

File Edit View Go Geoprocessing Cuclomize Windows Help
tmaBe xRS QBT g 4

“

[EiErnPresniGTRARGIE hapieriéiData b ;;_,
[ - =] 1= -4
Catalog Trep B | Corfonin Prewew Descaphon
= 1 CAPsriPress\GTRACGE ~ . -
# E1 Chapter3 < & &£ B J Bl
it B Chapterdd Canada_.. Canada_. Citiesshp Coloradol. Lakeslyr  Lakesshp
] Chapterd5
= Bl Chaptords
2 Datn JQ EH E Q9 =
'}i Ez:::::::ﬁﬁn Laticngdyr  Latlongshp ritidian_p.  USstalesyr USstatesshp S
< Citles.shp Q) e - Archnp === e |
& ColcradaCountia Q : ; ; - —
¥ Lakcws Iyr Fila Edt View Boockmarks [Insert  Selection - Geoprocessing Customize  Windows Halp
=4 x| o 15NN ) e
ﬂt::«:ﬂﬂr B N ; - o BEEEO R
_\ P = .?I| :: =a i L ]
= Lationgshp S 82101 - i§] groanasmny
T @ ritidian_paintjpy Tl OF Cartents 2 x L P A B E T g P [Cataing e
sty | S0 G BIH = et @B B a8l 0
E Usstatesshp = & Sate Plame E - incanery: (E ranada_pevrn sho r |3
H = MyData = F LS states = B =
@ avien mua o = =R | !—Lwr—GTKﬁlrﬂ'i'l,fhn[tﬂfﬁ
8 exte. mnd :_1 =)= n_.:.l.: P
e - . =1 SF Can _Mleaicolpr
£ Chapren O & uTM =3 1B Cansda_Mesicushp
1 I_Jchlplmﬂﬂ O B WS chatec 1™ =] Citiesahp
i IJ (.hlphfﬂg [} = [E ColorackaC ourkiss chp
i B3 Chapter1D = )
: - Lakes. byr
" B hartsr!1 e -,E]hiu.:hp
o 7 Latleng lyr L
Folder selactad I ._‘3 Latlang chp
] ¥ USiuate yr
= [E] Usstatas.shp
[ & 3 MyData
2k Q] et it
| 'HI| exli aml
| # EHl Foldes Conmecliors
3 E -u Teolbeaes
[0 3 Database Servers
- [E] R 0 i o E E_i_l;lu_bn:c Connections -
105058 41453 Decirnal Deg ZLEZ 1472 Cenlimetens

In ArcCatalog, left, you can organize, browse through, document, and search for spatial data.
ArcCatalog also has tools for building and managing GIS databases. Although there is a
separate ArcCatalog application, the Catalog window in ArcMap, right, can meet most of your
data organization needs. Data from the Florida Geographic Data Library, courtesy of the
University of Florida GeoPlan Center.

ArcGIS Desktop also offers two 3D visualization environments:
ArcScene and ArcGlobe. ArcScene allows you to view your GIS data in three
dimensions. ArcGlobe, part of the ArcGIS 3D Analyst extension (discussed
later in this section), creates seamless visualizations of raster and vector
features and can display them at varying levels of detail. The data is
organized into image tiles and can be saved to system memory (the cache)
for quick display and navigation.

THE ARCGIS PRO APPLICATION
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ArcGIS Desktop users will notice an additional application included
with the Desktop suite: ArcGIS Pro. ArcGIS Pro is an all-in-one
product for GIS professionals who want to display, create, analyze,
and share both 2D and 3D geospatial data. It is built using new
system architecture that improves performance, and it offers a new
interface and modern user experience.
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The ArcGIS Pro mapping application has an intuitive interface and the ability to display
data in two and three dimensions, simultaneously. Data from Data and Maps for ArcGIS
2010, courtesy of ArcUSA, US Census, Esri (Pop2010). Basemap sources: Esri, HERE,
DeLorme, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS,
NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI, Esri China
(Hong Kong), swisstopo, Mapmylindia, © OpenStreetMap contributors, and the GIS
User Community.

In ArcGIS Pro, all of your work and data are organized into projects
(.aprx). A project contains maps, layouts, layers, tables, tasks,
tools, and connections to servers, databases, folders, and styles.
Existing Esri file formats such as map documents (.mxd), scenes
(.sxd), and globes (.3dd) can be imported into ArcGIS Pro. Projects
are not backward compatible with ArcMap; however, the data used
by the application can be accessed by ArcMap through the
geodatabase created by ArcGIS Pro. Services published using
ArcGIS Pro can be used and shared with ArcMap.

This book focuses on the ArcMap and ArcCatalog applications of
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ArcGIS Desktop. If you want to see how ArcGIS Pro compares to
ArcMap, see Getting to Know ArcGIS Pro by Esri Press (2016).

ArcGIS Desktop tools

Although ArcMap has many geoprocessing tools that are accessible through
menus and various toolbars, the ArcToolbox window contains a collection of
geoprocessing tools, models, and scripts organized in one interface. When
you run a geoprocessing tool from ArcToolbox, a dialog box appears that
contains parameters for you to specify. Unlike ArcMap and ArcCatalog,
which are stand-alone applications, ArcToolbox must be started from within
one of these two applications.

ArcToolbox O =
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] ﬁ 3D Analyst Tools |
= ﬁ Analysis Tocols
SR Ecract|
#., Clip
’rw;‘ Select
#., Table Sclect
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[ ﬁ Cartography Tools
4 ﬂ Conwversion Tools
[4 ﬂ Data Interoperability Tools
4 ﬂ Data Management Tools
[4 ﬂ Editing Tools
[4 ﬂ Geocoding Tools -

ArcToolbox includes a collection of geoprocessing tools, models, and scripts. Here, the
Extract toolset is highlighted.

ModelBuilder helps you create models to solve spatial analysis problems.
You can use the ModelBuilder interface to organize the inputs, tools, and
outputs needed to perform geospatial analysis. You can use ModelBuilder to
string together geoprocessing tools from ArcToolbox to create a model to
perform a complex workflow with a single click.
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ModelBuilder can be used to create models to automate geoprocessing tasks.

Extending ArcGIS Desktop functionality

The extension products that are fully integrated with ArcGIS Desktop add
increased functionality and capabilities. These specialized tools allow you to
perform tasks such as raster geoprocessing, 3D analysis, and map publishing.
Nine ArcGIS Desktop extensions are available with the trial software that
comes with this book (available on the Esri Press Book Resources website,
esripress.esri.com/bookresources). Three commonly used extensions are
described below. The ArcGIS Spatial Analyst extension is used in chapter 20
of this book. You can explore the other extensions on your own by using the
online Help and tutorials.

ArcGIS Spatial Analyst is primarily used for raster analysis, or for
deriving from vector input a raster output in which each cell stores a relevant
value. For instance, you can create slope and aspect layers from an elevation
raster, or perform density analysis on input points or lines. You can also
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estimate values at unmeasured locations by mathematical interpolation of
known sample values, and analyze groundwater and hydrology data, among
other things.

ArcGIS 3D Analyst gives you the ability to see spatial data in three
dimensions. You can “fly through” terrain and examine it from any height or
angle. You can model cities and neighborhoods by drawing buildings at their
correct heights. Analysis tools let you solve visibility, volume, and downhill
path problems: Which areas can be seen from the mountaintop? Can tower 1
be seen from tower 2? How much earth is in the hill? Which course will
water follow down a surface? Some geoprocessing tools are found in both the
3D Analyst and the Spatial Analyst toolboxes, but if you are using 3D
Analyst you are able to model solutions in a 3D space.

ArcGIS Network Analyst provides network-based transportation spatial
analysis tools to map fleet routing, travel directions, closest facility, service
areas, and location allocation (determining optimal location sites). You can
dynamically model realistic network conditions, including one-way streets,
turn and height restrictions, speed limits, and variable travel speeds based on
traffic data. You can easily build transportation networks from your existing
GIS data and use it to define service areas based on travel time and distance.

The ArcGIS platform

ArcGIS Desktop is just one part of the ArcGIS platform which also includes
ArcGIS Enterprise, ArcGIS Online, ArcGIS for Developers, and ArcGIS
Apps.

ArcGIS Enterprise
ArcGIS Enterprise is used to build web services that deliver maps, apps, and
information—such as driving directions or retail locations—over the internet.
ArcGIS Enterprise brings GIS to people who may have no GIS software
themselves.

ArcGIS Enterprise is also designed for cloud computing, a rapidly
emerging technology that allows you to use a cloud provider’s computing
infrastructure instead of your own. With cloud computing, you get the same
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capabilities for managing and delivering GIS services and applications as you
do when you run ArcGIS Enterprise at an actual physical location.

ArcGIS Online

ArcGIS Online is a family of cloud-based web apps and resources that
enhance and extend the ArcGIS user experience. Using ArcGIS Online
(http://www.arcgis.com), you can create maps; access libraries of ready-to-
use maps; store and manage maps, data, and other geospatial content;
perform spatial analytics; purchase maps and data from vendors; and share
your content with others. ArcGIS Online content and sharing capabilities are
fully integrated into ArcGIS Desktop. You can search for and add data from
the cloud, as well as upload map and layer packages that you create using
either ArcGIS Desktop or ArcGIS Enterprise.

ArcGIS for Developers and ArcGIS apps

ArcGIS for Developers is used when building custom solutions. A suite of
developer tools can be used to extend and configure existing ArcGIS
applications or build and configure custom apps.

You can use ArcGIS apps on desktops, smartphones, and tablets to
navigate maps, collect and report data, and perform GIS analysis. The
Collector for ArcGIS app uses Global Positioning System (GPS) capabilities
to capture, edit, and display spatial data. It helps field staff who may have no
GIS experience easily collect data that can then be shared through ArcGIS
Online and ArcGIS Enterprise. You can browse through map galleries from
ArcGIS Online, leverage hundreds of ready-to-use apps specific to your
industry, and get apps through the ArcGIS Marketplace developed by
providers.

Esri data

What is software without high-quality data? In addition to extensive location
data (country and state boundaries, major cities, lakes, rivers, streets, etc.),
Esri provides you with comprehensive demographic, lifestyle segmentation,
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consumer spending, and business data and delivers this data in a variety of
ways.

Esri demographic data includes census data and demographic projections
you can use to gain valuable insights about population changes and trends
that can affect planning and business decisions.

Tapestry™, Esri’s segmentation data, classifies US neighborhoods into
65 segments based on their socioeconomic and demographic composition,
which can help you analyze markets, profile customers, evaluate competitors,
and more.

Esri consumer data provides insight on consumer spending, market
potential, and supply and demand of the retail marketplace. It allows you to
accurately assess what products and services consumers want versus what
they actually buy.

Esri business data provides business locations by industry, bank
locations, major retail shopping centers, traffic counts, and crime statistics.

Esri data is also offered in other ways. ArcGIS Online Map Service and
StreetMap Premium for ArcGIS deliver basemaps, reference and specialty
maps, and enhanced street datasets that facilitate geocoding (finding street
addresses based on geographic location), routing, and high-quality
cartographic display for the entire United States, Canada, and Europe.
ArcGIS Online World Imagery map service provides one meter or better
satellite and aerial imagery coverage for many areas of the world.

Data and Maps for ArcGIS is a set of annual map data that is included
with ArcGIS software and is preconfigured to work with ArcGIS products.

In this book, you will learn the basics of ArcGIS Desktop and ArcGIS
Online. To find out more about ArcGIS Desktop extensions, Esri data,
ArcGIS Online, and the rest of the ArcGIS platform, visit the Esri website at
http://www.esri.com.

Terms

ArcMap
ArcCatalog
tiles

cache
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ArcGIS Pro
projects

cloud computing
GPS
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Part 2

Getting started with maps and data
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Interacting with maps

Displaying map data
Navigating a map

Using basic tools

Looking at feature attributes

Learning objectives

e Navigate the ArcMap interface

e Locate and open ArcMap windows, menus, and tools
e Turn map layers on and off

e Reorder layers in a map

e Change a layer name

e Examine layer properties

e View the source of map layers

e Explore a map document using Zoom and Pan tools
e View attribute information for individual features

e Turn on MapTips

e Turn on feature labels and set a scale dependency
e Examine alternative views of the map

e Search for features on a map

e Create a spatial bookmark

e Measure distances on a map

e Open and explore feature layer attribute tables
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e Examine attribute statistics

ArcMap is the most frequently used component of the ArcGIS platform. It is
an application for displaying maps and investigating them, for analyzing
maps to answer geographic questions, and for producing maps that make
persuasive arguments. The ArcMap application consists of a map display for
viewing spatial data, a table of contents for listing the layers shown in the
display, and a variety of toolbars for working with the data.
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ArcMap application of ArcGIS Desktop. Data from Data and Maps for ArcGIS 2010, courtesy
of ArcWorld, ArcWorld Supplement, DeLorme, and Esri.

You can change the way ArcMap looks to suit your preferences and the kind
of work you do. Toolbars can be hidden or shown. New commands can be
added. Toolbars can be docked at different places in the application window
or float independently of it.

To dock a floating toolbar, drag it to any outer edge of the application. To

undock it, use the dashed vertical gray bar at the toolbar’s left edge to
drag the toolbar away from its docked position. To hide or show a
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toolbar, click the Customize menu, point to Toolbars, and click to select
or clear the desired toolbar option.

Most embedded windows (Catalog, Search, ArcToolbox, Table of
Contents, and Python) can be floating, docked, or collapsed into a tab for
easy access. The exception is the ModelBuilder window, which is designed to
be used only as a separate, floating window.

To dock a floating window, click and drag it over the application. The
window turns blue, and four arrows point to locations where the window
can be docked. Drag the window to an arrow, and then release it to
choose the docking location. For windows with the Auto Hide option,
when the window is docked, click the Auto Hide button (it looks like a

pushpin) to activate the tabbed behavior. The window will appear when
you hover over the tab.
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ArcMap toolbars and windows can be easily docked and undocked. Data from Data and Maps
for ArcGIS 2010, courtesy of ArcWorld, ArcWorld Supplement, DeLorme, and Esri.

Most of the graphics in this book reflect ArcMap’s default interface. It is
assumed that the Standard and Tools toolbars, which are used a great deal,
are always turned on.
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Top to bottom. The Standard and Tools toolbars are generally turned on.

Changes you make to the interface are applied to subsequent ArcMap
sessions. If you dock a toolbar or window in one session, it will be docked
the next time you start ArcMap. If you resize the application window, it will
keep the new size in the next session. Changes such as these will not
significantly affect the exercises but may give you slightly different results
for operations that are influenced by the size and scale of the map display.

You can further customize the appearance of the ArcGIS Desktop user
interface by removing unused tools, renaming tools, moving specialty
extension tools to the Tools toolbar where they can be quickly accessed,
creating custom toolbars that pertain to your organization’s workflow, and
more. For more information about tailoring the interface to your preferences,
go to ArcGIS Desktop Help. On the Contents tab, navigate to Get started >
Customize > About configuring the user interface.

To perform the exercises as written in this book, you must have ArcGIS
Desktop 10.6 and the exercise data. If you are using an older version of
ArcGIS, keep in mind that the interface may look different, and certain
tools, functions, windows, dialog boxes, or menu options may or may not
be present. You may be able to do many of the exercises, but you may
encounter steps where a workaround will be necessary.

For the print book only, you can download the exercise data and a 180-
day trial version of ArcGIS from the Esri Press book resources site,
esri.com/GTKAD-5. You will need the authorization code found on the
inside back cover of this book to download the software trial.

Data
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The exercises in this chapter use the following datasets, stored in a
geodatabase called World.gdb:

e Background—a grid of polygons used to display a single-color
background behind land features, such as the ocean (Source: Esri)

e (Cities—point features representing major cities of the world with
populations greater than 1 million (Source: ArcWorld)

e Countries—polygon features representing world countries, including
demographic data and air pollution estimates (Sources: ArcWorld; US
Census International Division; CIA Factbook; The World Bank)

e Latlong—Iline features representing latitude and longitude (Source:
Esri)

Exercise 3a
Displaying map data

In this exercise, you will learn how to display data in ArcMap. You will
explore a map document that contains world data and learn the basics of how
map documents work. The exercise instructions assume you have installed
the data for Getting to Know ArcGIS Desktop to the default directory
(C:\EsriPress\GTKArcGIS). If you have installed the data elsewhere, you will
need to substitute the correct paths.

1. Start ArcMap (located in the ArcGIS suite).

When ArcMap is open, you see the ArcMap - Getting Started dialog box
in the main application window. This dialog box allows you to quickly start a
new map or open an existing map or template.

2. On the Getting Started dialog box, under the Existing Maps section, click
“Browse for more...".
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3. On the Open ArcMap Document dialog box, browse to your
C:\EsriPress\GTKArcGIS\Chapter03 folder (or to the folder where you
installed the GTKArcGIS data). Click ex03a.mxd, as shown in the graphic,
and click Open.

g_ ke I.--x.. "
lockin. || Chapterd3 - @2 e &
= MName = Date modified Type
‘*} L Data 4/20/2014 12:04 PM  File folder
RecemtPlaces [ MyData 5711720131156 AM _ File folder
- E_ﬂ_@ila.nmd 5/1/2014 1247 PM ArcGIS An
: ﬁ: ex03b, rroec] 5172014 1247 PM ArcGIS An
Desktop Q—: edl2c rrood 5172014 1247 P ArcGIS An
e g ex12dl, rroedl 5L/2014 1248 PM ArcGIS An
=i}
Libraries
L
Computer
- i I 5
g Fie name: .mﬂh.m.d - - Cpen
B
Files of type: [Pucl'dap Documents (=) 7| [ Cancel ]
[ Open a2 read-only

When the map document is open, observe the display area (where you
see the map—a map of the world, in this case), the toolbars, and the table of
contents on the left.
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Your application may look somewhat different from the graphics.

You see a world map with grid lines and dark-blue circles. Taking a
quick look at the table of contents and with some modest deciphering, you
can surmise that the dark-blue circles represent cities with populations greater
than 1 million (with increasingly larger circles representing increasingly
larger populations), and the grid lines represent lines of latitude and
longitude. Countries are yellow, and oceans are light blue. Recall from
chapter 1 that a layer is a spatial dataset represented by symbols on a GIS
map. The visible layers on this map are named Cities, Latlong, Countries, and
Ocean. You also see additional layers in the table of contents (World
Population and Air Pollution by Country), although they are not visible on
the map at the moment. Next, you will take a closer look at each layer.

4. In the table of contents, select the check box next to Cities to turn the
layer off.
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The cities disappear on the map.
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5. Turn Cities back on. In the same way, turn the following layers off and
then back on: Latlong, Countries, and Ocean.

All map layers in ArcMap can be turned off and on with a click. Next,
you will observe the effects of changing the layer drawing order. Layers are
drawn, one on top of the other, like a stack of translucent papers. Imagine that
the layers you are looking at are actually opaque symbols drawn on
translucent paper. If you placed cities, drawn as filled-in dots, below the
countries, which are filled-in blocks of color, you wouldn’t see them. You
can experiment with this concept in ArcMap.

6. In the table of contents, drag Cities to the bottom of the list of layers,
below Ocean. As you drag the layer, a horizontal black bar indicates its
position in the list.
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When you let go of the mouse button, Cities is at the bottom of the table
of contents and is no longer visible on the map. The polygon layers using
solid fill colors obscure the point layer of cities.
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Always layer lines and points on top of polygons to avoid this problem.
When you add data to ArcMabp, the software automatically places points and

lines above polygons.

7. Move Cities back to its original location at the top of the table of contents.

ON YOUR OWN

Experiment by moving the Latlong layer to different locations in the table
of contents. What happens when you drag it below the Countries layer?
What happens when you drag it below the Ocean layer? When you are
done, move the layer back to its original position, below Cities.

The layer name Cities isn’t ideal, because it implies that all cities of the
world are included in the dataset. So next, you will give the layer a more

descriptive name.
8. In the table of contents, right-click the Cities layer name. This opens a

shortcut (context) menu. Many ArcMap operations are started from
these shortcut menus. On the shortcut menu, click Properties to open the

Layer Properties dialog box.
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9. On the Layer Properties dialog box, click the General tab if it is not
already active. (ArcMap remembers the last tab used and makes this the
active tab; the very first time you open the properties, the General tab
should be active.)

The Layer Properties dialog box has several tabs for setting layer
properties, most of which you will use in this book.

10. In the Layer Name text box, the name “Cities” is highlighted. Type Cities
> 1 Million in its place. Make sure the dialog box matches the graphic,
and then click OK.
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The layer is renamed in the table of contents.

Here is another way to rename a layer. Just click the layer name in the
table of contents to highlight it, click again to activate the cursor, and

then type the new name.
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You should know that when you change a layer name in a map




(c) ketabton.com: The Digital Library

document, you are not changing the name of the underlying source
dataset. A layer name does not have to match the name of the source

dataset. You will learn more about the connection between a layer and
its source data shortly.

11. Using the method taught in the preceding tip, in the table of contents,
below Cities > 1 Million, change the legend name “POP” to Population.
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This makes it clear that the size of a blue circle corresponds to the size of
a city’s population.

ON YOUR OWN

Rename the Latlong layer to Graticule, the technical name for lines of
latitude and longitude on a map.

12. In the table of contents, select the check box next to World Population to
turn the layer on.
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Nothing is changed in the display. Can you figure out why? If you think
it may have something to do with the drawing order, which was discussed
earlier in the exercise, you are correct. The World Population layer is
composed of polygons that are the same shape as those in the Countries layer.
Since Countries is the first polygon layer in the list of layers, it is obscuring

the World Population layer below it.

13. Turn off the Countries layer. The World Population layer is now visible.
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Now you can see something new on the map. In the World Population
layer, countries appear in different colors. To understand what the colors
mean, you will examine the layer’s legend. But first, you will turn off the
points and lines to get a clearer picture.

14. Turn off the layers Cities > 1 Million and Graticule.

15. Click the plus sign (+) next to World Population to expand the legend for
this layer. Examine the colors on the map and compare them with the
legend.
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If you cannot see the entire layer or legend text, you can widen the table
of contents. Hover your mouse pointer over the right edge of the pane,
and then click and drag to resize.

3 O Countries
O
=] Word Population
By Country
1500 million to 1.3 billion
1200 prillion to 499 million
1100 to 199 million
[ Less than 100 milkon

Two countries display populations greater than 500 million.
Can you name them?

To make sure you answered the preceding question correctly, you will
next use the Identify tool.

16. On the Tools toolbar, pause the mouse pointer over the ldentify tool (a
blue circle with the letter /). Notice that the tool name and a short
description appear.

File Edit View Bookmarks [nset Selection Geoprocessing Customize Windows Help
D@8 LARx 20 b mam - EEEEO Ny
BED@ e H-0 [0 B E NS0 By

Identify
Identify gecgraphic features by
clicking on them or dragging a
bow around thesm.

When you use the Identify tool, the pointer is accompanied by an i
symbol as you move it around the map display. When you click a feature, it
opens the Identify window.

17. Click the Identify button, move the pointer over one of the two areas filled
with the darkest shade of orange, and then click in that area.
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The Identify window shows the name of the country you clicked, as well
as other information called attributes, which are stored in a table that is part
of this dataset. (Depending on which country you clicked, you may have
different results.)

18. Close the Identify window and turn off the World Population layer. Turn
on the Air Pollution by Country layer, and expand its legend.
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This layer shows concentrations of particulate matter (PM) in the air.
Data was gathered for urban areas, from which countrywide estimates were
calculated.

19. Turn the World Population layer on and off to compare it with Air
Pollution.

Does high pollution always correlate with high population?
What might be some reasons for this?

Now that you have seen examples of various types of data being
displayed on a map, you will next investigate the connection between source
data and map layers.

20. In the table of contents, right-click Countries and click Properties. On the
Layer Properties dialog box, click the Source tab and examine the Data
Source information.

Notice that a layer does not have to be visible on the map in order for
you to see its properties.



(c) ketabton.com: The Digital Library

[ Gereral | Seurce | Selection | Display [ Symbolegy | Fields [ Definition Guery | Labels [ Joins & Relates [ Time | HTML Popup |

Extent

Left: -130,000000 dd

Top: &3.623600 dd

Right: 130,000000 dd

Bottom:  -30,000000 dd

4

Data Source
Diata Type: Fie Grodatabase Feature Class -
Dztabase: C:\E=riPressiGTHAroGISChapterd 3\DataWorkld. gdb
Feature Jass: Couritries
Feature Type: Simple
Geometry Type: Palyogon
Coordinates have 7 values: Mo
Crordnates have measures; Mo
Geographic Coordinate System: GCS_WGS_1934
Datum: D_WE&S_1934 -

Set Data Source... |

Later in the book, you may be asked to simply “open the layer

properties.” You will need to remember how to do this. You can also
double-click a layer in the table of contents to open its properties.

What is the source data type?

A feature class is a collection of geographic features that have the
same geometry type (such as point, line, or polygon), the same attributes, and
the same spatial reference. Feature classes can be stored in a geodatabase or
as shapefiles, coverages, or other data formats. You will learn more about
data formats in chapter 4.

What is the name of the source feature class, and in which
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geodatabase is it located?

21. Using the same approach, look at the source dataset for World
Population and Air Pollution by Country.

What are the names of the source feature classes for these
two layers?

It is important to understand that a map may include multiple layers that
point to the same underlying data. In the case of the current map document,
the Countries, World Population, and Air Pollution layers are based on the
same data source—a geodatabase feature class called Countries. (You will
learn more about data types later in this book.) Layers and source datasets
sometimes have the same name, but they don’t have to, as demonstrated in
step 10.

Despite sharing the same source dataset, the layers look different from
each other. Why? Because they have different symbology schemes.
Symbology refers to the appearance of features on a map—color, line
thickness, fill motif, and so on. Unlike source data, layers store symbology
information in a map document. For instance, the Countries layer is
symbolized using a single color for all country polygons. The World
Population layer has graduated symbols based on population data, and the Air
Pollution layer has graduated symbols based on particulate matter
calculations. Population and particulate matter are all stored as attributes of
the Countries feature class. (There are many other attributes stored with the
feature class.) You will learn more about attribute data later in this chapter,
and you will learn how to create varied symbology in chapters 7 and 8.

22. Close the layer properties. At the top of the table of contents, click the List
By Source button [&. Pause the mouse pointer over the data path to see
the path in its entirety.
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The List By Source option is especially helpful when you have data from

different locations in the same map document.

23. Click the List By Drawing Order button 2 to restore the table of contents
to its default appearance.

24. If you want to save your work, on the menu bar, click File, and then click
Save As. Browse to C:\EsriPress\GTKArcGIS\ChapterO3\MyData. Give
the file a new name, and click Save.

Saving your work is optional. When you begin a new exercise, however,
it is important that you open the new map document specified in the
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instructions. The exercises are not always continuous, and if you work in the

same map document throughout a chapter, your results may not match the
book.

25. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
click the File menu and click Exit. Click No if prompted to save your
changes.

Exercise 3b
Navigating a map

Now that you understand some basic principles of how map documents work,
it’s time to do some exploring using ArcMap navigation tools. In this
exercise, you will learn how to zoom and pan around a map, use MapTips,
and identify features and examine their attributes.

1. Start ArcMap if necessary.

2. If you see the Getting Started dialog box, click Cancel. On the menu bar,
click File > Open. Browse to your C:\EsriPress\GTKArcGIS\Chapter03
folder. Click ex03b.mxd, and then click Open.
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If you would rather not see the Getting Started dialog box when you start

ArcMap, select the check box at the bottom of the dialog box that says,
“Do not show this dialog in the future.”

This map document looks similar to the one you worked with in exercise
3a but with fewer layers.

3. On the Tools toolbar, click the Zoom In tool .

4. Move the mouse pointer over the map. The pointer becomes a magnifying
glass. Press and drag the pointer to draw a box around the country of
Australia, approximately as shown in the graphic. If you make a mistake,
click either the Full Extent button [@! or the Go Back To Previous Extent
button *l, both on the Tools toolbar, and try again.

The display is zoomed in on Australia.
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Zooming in or out changes the display scale, which is shown on the
Standard toolbar. When the map showed the entire world, the scale was
approximately 1:250,000,000. This means that map features are displayed at
1/250,000,000th of their actual size. The scale should now be somewhere in
the vicinity of 1:30,000,000. Scale is also affected by the size of the ArcMap
application window.

You can use “continuous zoom” by rotating the wheel of the computer
mouse, if you have one. Try it to see how it works.

5. To avoid accidental zooming, it is best to use the Select Elements tool.
On the Tools toolbar, click the Select Elements tool [/,

Remember, you can pause the mouse pointer over a tool to see its
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name.

6. Move the mouse pointer over the Australian continent. The country name
is displayed as a MapTip.
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MapTips are a layer property. They can be turned on or off on the
Display tab on the Layer Properties dialog box. You can see MapTips no
matter which tool is active.

pointer over the display area, it turns into a hand symbol.

8. Pressing and holding the mouse button, drag the display to the southeast
(so your travel direction is northwest) until you can see Iran (use the
MapTips for help identifying the country). You will have to press and then
release the mouse button a couple of times until you arrive at your
intended destination.
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Another way to pan is to drag the map with the middle mouse button or
mouse wheel pressed down.

9. On the Tools toolbar, click the Identify tool @, and then click Iran on the
map.
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Notice that the feature flashes green when you click it with the Identify
tool.

In the Identify window, you will find feature-specific information that is
stored with the Countries dataset, including ISO (International Organization

for Standardization) numbers and codes, population, area, and many other
statistics.

What is the ISO number for Iran?

10. With the Identify window still open, click several other countries in the
display area.

Notice that the information in the Identify window is updated
automatically as you click different features—you do not have to close the
window and reopen it each time you want to identify a new feature.
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11. Close the Identify window.
12. Click the Fixed Zoom In button & once.

The Fixed Zoom buttons maintain the center point of the display area as
they increase or decrease the display scale.

13. Click the Fixed Zoom In button three more times and observe the scale
bar. Now click the Fixed Zoom Out button [£3 several times.

14. Click the Go Back To Previous Extent button several times and then the
Go To Next Extent button |#| several times.

ON YOUR OWN

Use the following tools to move around the map until you are comfortable
with ArcMap navigation: Zoom In, Zoom Out, Pan, Full Extent, Fixed
Zoom In, Fixed Zoom Out, Previous Extent, and Next Extent.

15. When you are done navigating, zoom to the full extent of the map, and
then click the Select Elements tool.

It's a good habit to activate the Select Elements tool whenever you finish
using a tool. This will prevent unwanted zooming, measuring, or other
tool activity once you are finished using the tool. Another option is to

access tools by right-clicking the map. A context menu appears with
navigation and other commonly used commands that you can select
without changing your current active tool.

You didn’t make any changes to this map, so there is no need to save
your work.

16. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
on the menu bar, click File, and then click Exit. Click No when prompted
to save your changes.
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Exercise 3c
Using basic tools

In this exercise, you will learn about many common ArcMap tools and
functions that facilitate data exploration, beyond navigation. You will learn
how to turn on MapTips, create feature labels that turn on only at a specified
mabp scale, create spatial bookmarks to save a specific view of a map,
measure distances between features, and use the viewer windows to see
alternative views of the data simultaneously.

1. In ArcMap on the Standard toolbar, click the Open button El. (Dismiss the
Getting Started dialog box if necessary.) Browse to your
C:\EsriPress\GTKArcGIS\Chapter03 folder, click ex03c.mxd, and click
Open.

If you don’t see the .mxd file extension, check your folder option settings
in Windows Explorer: In Windows 7: Right-click the Start button and click
Open Windows Explorer. Click Organize > Folder and Search Options.
Then click the View tab and clear the “Hide extensions for known file
types” check box. Click Apply and OK.

In Windows 8 and 10: Right-click the Start button and click File Explorer.
Click the View tab, and then select the “File name extensions” check box
to turn it on.
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The map is similar to the one in exercise 3b, but instead of the Countries
layer, it has a World Population layer, which you saw in exercise 3a. You
will use MapTips to quickly obtain city names.

2. Open the properties for Cities > 1 Million. Click the Display tab and select
the “Show MapTips using the display expression” check box.
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| General | Source | Sekection | Dieplay | Symbology | Fiekds | Definition Query [ Labsels | Juins & Fiisies | Tine | HTML Papup |
|| Scale symbals when a reference scale ia s=t

Trensparent: a %
Display Expression
Fiedd: CITY_MAME - [ Expression...
—.m%nw MapTipe usng the deplay expressicn
Hyperlinks
[T Suppart Hyperlinks uging figld:
|nnre -
{® Document URL Sort Edt.. |

Feature Exclusion
The folowing feabures are excuded from drawing:

Feature D  CITY_NAME |  RestoeDrawing |

| Restore Al |

Notice that the Display Expression field is set to CITY_NAME. This is the
attribute field ArcMap will use to pull the information when you use
MapTips. You can change this field so that ArcMap will show different
types of information when you pause the mouse pointer over features.
By default, ArcMap selects the first string-type field in the layer’s attribute

table that includes the text “hame” (case insensitive). If no field with that
text in its name exists, ArcMap defaults to the first field of string type,
then the first field of integer type, and then the first field of any type. (You
will learn more about field types in chapter 11.) This is the case for both

MapTips and labels.

3. Click OK to close the properties. With the Select Elements tool active,
pause the mouse pointer over any city to see its name. (Zoom in first if
necessary, and then zoom back to the full extent when you are done.)
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MapTips are helpful, but many times you will want to see permanent
labels on your map. You can turn labels on so they are always visible.
However, at the full extent of the map, seeing all the city names would result
in a cluttered map that is difficult to read. To avoid this problem, you will
next set a visibility scale so the labels will appear only when the map is
zoomed to a certain scale.

4. Open the properties of the Cities > 1 Million layer and click the Labels tab.
Near the top of the dialog box, select the “Label features in this layer”
check box. Notice that the label field is set to CITY NAME.
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5. Click the Scale Range button. On the Scale Range dialog box, click the
second option, and next to Out beyond, type 1:80,000,000.

This means that labels will be visible only at scales larger than
1:80,000,000.
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6. Click OK to return to the Labels tab and OK again to close the Layer
Properties dialog box.

7. To see your labels, click the Fixed Zoom In button several times, until the
city labels appear. Then look at the scale bar and notice that it is set to
1:80,000,000 or less (as the denominator gets smaller, the scale gets
larger).
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To quickly turn on labels for any layer without setting a scale range,

simply right-click the layer in the table of contents and click Label
Features.

8. Return to the map’s full extent. On the Tools toolbar, click the Create
Viewer Window button &,

The mouse pointer turns into a crosshair symbol so that you can draw a
box around an area you would like to observe in a separate window.

9. Press and drag the mouse pointer to draw a box around Europe, creating
a Viewer window.

Depending on the size of your screen and the dimensions of the box you
draw, your Viewer window may or may not display city labels.

The Viewer window allows you to examine different parts of the map
without changing the main display. You can move the Viewer window so it
doesn’t obscure the main map, or you can enlarge it—this is helpful when
you have a large computer monitor (or two monitors) and you want to see
two views of the same map simultaneously.



(c) ketabton.com: The Digital Library

10. Use the basic navigation tools in the Viewer window—not the tools on the
ArcMap Tools toolbar—to manipulate the display of the window.

11. When you are comfortable navigating in the Viewer window, click the right
arrow in the upper-right corner of the window, and then click Magnifier.

:Maghiﬁer _
R Q& Q 2Ll e P 0 - [

th&dm -v" Magnifier
: | | Viewer

Update While Dragging

Flash Location

Pan Map To Viewer Location

Pan Viewer To Map Location

Zoom Map To Viewer Location

Zoom Viewer To Map Location

Properties...

Now the window acts like a magnifying glass.

12. Drag the Magnifier window title bar to move the window around the main
map display. The area seen through the window is magnified four times
(or 400 percent—a number you can modify).

QM@I‘II-I:I
RN Q LI . | [
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ON YOUR OWN

On the main menu bar, click Help > ArcGIS Desktop Help. Over the left
column, click the Search tab. In the text box, type viewer window and
click Ask. Choose the first returned topic, “Working with magnifier,
viewer, and overview windows.” Read about these windows to find out
more about how they work.

Suppose, for this exercise, you are a pilot and intend to fly a small plane
from Shanghai to New York. You want to measure the distance between the
two cities and determine the shortest route, so you will do that next.

13. Close any open windows. On the Tools toolbar, click the Find tool #.

14. On the Find dialog box, in the Find box, type Shanghai, and in the Inbox,
click the Cities > 1 Million layer.

88 Find (23w

Features [ Locations | Linear Referencing | _ [ Find l
Find: Shanghai - Stop
In: [& Cities > 1 Million ] | | mewsearch |

[¥| Find features that are similar to or contain the search string

Search:
@ All fields

7 In field:

OBJECTID

Cancel

15. Click Find. The bottom of the dialog box expands to show the results.
Right-click Shanghai and click Zoom To. If you get a message that asks
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you to sign into ArcGIS Online to use the ArcGIS Online World Routing
Service, click Cancel. You'll learn more about ArcGIS Online in Chapter 5.

Features | Locations | Linear Referencing | Fnd |
Find:  Shanghai v || swp
in:  [@ Cities > 1 Million >l | | MNewsearch |

[V|Find features that are similar to or contain the search string
Search:
@ All fields

© Inﬁel ‘@ Flash |
|ﬂ O ZoomTo - |

& PanTo

h Create Bookmark | Cancel |

gy @ Henti
ity hed Select

Value [ Unselect Field
2 F}l Add to My Places " s
[ Manage My Places...

s* Add as Stop to Find Route

K" Add as Barrier to Find Route

«[% Add as Network Analysis Object
.. Move Network Analysis Object

One objec

16. Close the Find dialog box.

The map is centered on Shanghai.
17. On the menu bar, click Bookmarks > Create Bookmark.
File Edit Wiew | Bockmarks | Insert  Sclechion  Geoprocessing  Customize  Windows  Help

h Crest=Bookmark...
(£l Manage Bookmarks...
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18. Replace the existing Bookmark name with Shanghai, and then click OK.

Bookmark Name: _Shanghai |

19. Now use the Pan tool to go westward over Asia and the Atlantic Ocean
until you reach the point representing New York City.

20. On the Tools toolbar, click the Measure tool [&]. This opens the Measure
window. Click the Choose Units arrow, point to Distance, and click
Kilometers if it is not already selected. Keep the Measure window open.
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21. Move the mouse pointer over the display. The pointer becomes a ruler
with a small crosshair. Place the pointer at the center of the point that
represents New York City, and click to begin a line. Without clicking
anywhere else on the map, go to the Bookmarks menu and click
Shanghai. (The Measure tool will remain active when you click the
Bookmarks menu.)

O Create Bookmark.
3 Mansge Bookmarks...

| Shanghai

If you accidentally click the wrong spot, double-click to end the

measurement, and then start again.

22. When you see the point representing Shanghai, double-click to end the
measure line.

Shanghai is over 11,000 kilometers from New York. Due to differences
in exact click locations, your results may vary slightly.
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Measure @
+ |z v | x

Line measurement (Geodesic)
Segment: 11,882.411197 Kilometers
Length: 11,882.411197 Kilometers

The Measure tool calculates the shortest distance between
two points. Is the shortest distance between the cities found
by traveling over the Atlantic Ocean or the Pacific Ocean?

ON YOUR OWN

Zoom to the map’s full extent and again measure the distance between
New York and Shanghai. Notice the behavior of the measurement line.
Why do you think this is happening? You will have more opportunity to
think about the mechanics of placing a spherical earth on a flat map
surface in chapter 6.

23. If you want to save your work, on the menu bar, click File, and then click
Save As. Browse to C:\EsriPress\GTKArcGIS\ChapterO3\MyData. Give
the file a new name and click Save.

24. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
click the File menu and click Exit. Click No if prompted to save your
changes.

Exercise 3d
Looking at feature attributes

In a GIS, a feature on a map may be associated with a great deal of



(c) ketabton.com: The Digital Library

information—more than can be displayed at any given time. This information
is stored in an attribute table. A layer’s attribute table contains a row (or
record) for each feature in the layer and a column (or field) for each attribute
or category of information. When you used the Identify tool in exercises 3a
and 3b, you saw a feature’s attributes in the Identify window.

In this exercise, you will examine the attribute table of the world’s
largest cities.

1. In ArcMap, open the ex03d map document from your
C:\EsriPress\GTKArcGIS\Chapter03 folder. This is a replica of the map
you worked with in exercise 3c.

2. In the table of contents, right-click Cities > 1 Million, and then click Open
Attribute Table.

Remove

Open Atiribute Table
Joins and Relates F

\ 1 Zooem To Layer

5 M Grticule | & Zoom To Maks Visible
el | Visikle Scale Range »
= = Werld Pop
By Cou Use Symbol Levels
-SD:] mill Selection »
[ 200 il
L0 tuli!f Label Features
[Tl Less tha Edit Features 9
i No datd %_ Convert Labels to Anmotation...
= A Ccean

4g  Convert Features to Graphics...

Convert Symibsalogy to Representation...
Data *
Save As Leyer File..,

Create Layer Package...

&
»
| &

Later in this book, you may simply be asked to “open the attribute table.”

Properties...

You will need to remember how to do this.
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The attribute table shows you all the data for the cities included with this
mabp. It can be resized to your preference.

Tabls 0 x
Crtes = 1 Mhllion S
Shape * CHTRY_NAME CITY_NAME | sM_aADMIN | FIPS_CHTRY | STATUS -
B Paint Brazil HF.EEIIS | BRA-DFD BR | Na.1I:|:'|E|I and provincsl r:a.pa'h! |
Paint Brazil ‘=oania BREA-GOI BR Provinclal capial
Paint Chils Eantingo CHL-AMT i Hationel and provincsl caph
Point Ecuador Guayaquil ECU-GUA EC Provincial capical
Paitt Ecuador Quio ECU-PCH EC Hational and provincial capt
Point Peru Lima PER-LIM PE | Hafional and provincial capit
|| Foint Brazil Belem | BRA-FPAR | BR | Frovincial capial
__F‘l:l'_lt Eraz!l L'Ia_naus_ ) | EP.AHMJ.._Z BR | Ernu I_'l_r_‘IBI capial
| Point E!:_:I!.'IB Santa EI'I.IE‘ de Lgl :SIE-!'_rE | BOL-ECR BL | Diher
Paint Faraguay Aguncien PRY-CNT P | Kational capital e
+ I g ]
TR o » K |E|§ 0 out of 256 Selected]
Cities > L Millicn

3. Scroll down through the table and examine the records. (Each row in the
table is called a record.) There are 256 records, one for each city with a
population greater than 1 million. Now scroll across the table to look at the
attributes, or fields. (Each column is called a field.)

There are 10 attribute fields. The first is the ObjectID field—it contains a
unique identification number for each record. The Shape field describes the
feature geometry. Both of these fields are created and maintained by ArcGIS
Desktop. The rest of the fields are added and maintained by the user. Other
fields include the name of each city, its country, status, population,
population rank, population class, and administrative abbreviations.

The intersection of a record and a field is a cell. A cell contains an
attribute value. For example, the attribute value of the CITY_NAME field for
the first record is “Brasilia.” You can change the width of any field by
dragging the divider between fields.

Next, you will narrow the display width of the CITY_NAME field so
you can see more attributes without having to scroll across the table.

4. Scroll back all the way to the left. Place the mouse pointer on the vertical
black bar between the CITY _NAME and GMI_ADMIN fields. The pointer
changes to a double-headed arrow.

5. Press and hold the mouse button and drag the pointer to the left. As you
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drag, the original field width is marked by a vertical red line and the new
width by a vertical black line. Release the mouse button at some point

before you start cutting off city names.

a =
"
X
CNTRY_NAME CITY_HAME 4, GMI_ADMIN | FIPS_CNTRY =
1| Point Brazil Braaita BRA-DFD ER Matinal and pi|_
2 : Paoind | Brazil Soiania BRA-GOI BR Prowincial :ap.i:
3 | Point | Ghik Sanbam CHL-RWT Gl Hatenal and o
| 4 | Paoini |_E|:ui-ﬁ;r Guayaqui ECL-GLA EC Provincial capt
& | Poini Ecusdar Quito ECU-PCH EC Natenal and m
[ P:uini Eeru Lima PER-LIK PE Mational 2nd P
7 | Poini Brazil | Balem BRA-PAR BR Provincial capr
| & | Poim Brazil | Manaus BRA-AMZ BR Pmul_rll'_.‘l_gl_l:.‘igf
4 | Poind Bolivia | Santa Cruz da Ls Serra BOL-SCR BL | Gther
I 141 | Pnint PArAnLAY [ &=nnrinn PAY-CNT Fa [ Hatinnal rania ™
] 111 ¢
T 0+ 21 [B= 0 out of 25 Selected)

Some of the numbers of the POP_CLASS field are cut off, so next, you

will widen this field.

6. Scroll to the right side of the table. Place the mouse pointer on the vertical
black bar to the right of the POP_CLASS field. Drag the pointer slightly to

the right to see the entire name of the field.

(S B R O x

FIPS_CHTRY

STATUS POP POP_RAMNK POP_CLASS + -

k| BR National and provincial capital 2207718 2 | 1,000,000 to 4 55959 959 |

BR Frovincial capital 1171195 2 | 1,000,000 to 4,595 959

Cl Naticnal and provincial capital 4837205 2 (1,000,000 to 4 999 999

EC Prowincial capital 1952029 2 (1,000,000 to 4 999 999

EC Mational and provincial capital 1300814 2 | 1,000,000 to 4,995 500

PE Naticnal and provincial capital TF3F002 1 | 5,000,000 and greater

BR Provincial capital 1407737 2 (1,000,000 to 4 5559 999

BR Frovinclal capital 1598210 Z | 1,000,000 to 4,999,999

BL Other 1364389 2 | 1,000,000 to 4,999 999

PA National capital 1482200 2 | 1,600,000 to 4,999 999

AR Other 1173533 2 | 1,000,000 to 4,999,995

AR National and orovincial caoital | 1307630 1 | 5.000.000 and areater |
4 I 3
A 1% w E (0 out of 256 Selected)
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The FIPS_CNTRY field contains country abbreviations designated by
Federal Information Processing Standards. If you don’t want to see a field in
an attribute table, but you don’t want to delete it permanently either, you can
simply hide it, which you will do next.

7. Scroll to the left and place the mouse pointer on the vertical black bar
between the FIPS_CNTRY and STATUS fields. Drag the pointer to the
right edge of the GMI_ADMIN field, and release the mouse button. The
FIPS_CNTRY field is hidden. (Actually, you have simply made it so
narrow that it can no longer be seen.)

Table | O x
SR T] Y N
Cities = 1 Million ES
CNTRY_NAME CITY_NAME GMI_ADMIN STATUS POF »
¥ | Brazil Brasilia BRA-DFD Mational and provincial capial 22077
Brazil Goiania BRA-GOI Prowincial capital 14F1
Chile Santiago CHL-REMT Mational and provincial capial 4837.
Ecuador Gueyaguil ECU-GUA Prowincial capital 15521
Ecuador Cufin ECU-FCH MNational and provincial captal 1399
Peru Lima FER-LIM Mztional and provincial capial LEETL
Brazil Belem ERA-PAR Prowvincial capital 1407
Brazil Manaus BRA-ANZ Provincial capital 1556,
Bolivia Santa Cruz de La Sierra | BOL-SCR Other 1364. =
+ [ S | b
T 1 m E (0 out of 256 Selected)
Cities = 1 Million

If you wanted to restore the hidden field, you would double-click the

border between the GMI_ADMIN and STATUS field names to see the field
again.

You can also hide fields by right-clicking the field heading and clicking
Turn Field Off. With this option, to restore hidden fields, you must click

the Table Options arrow, and then click Turn All Fields On.

ON YOUR OWN

Turn off the GMI_ADMIN field.
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You can rearrange the order of fields as well. It would be more natural to
have the city name appear before the country name, so next, you will

rearrange them.

8. Click the column heading of the CNTRY_NAME field.

The field is highlighted in cyan.

Table 0O x
FERAR R LY x
Cities = 1 Million *
OhjectlD® Shape * CNTHYEHA ME CITY_NAME 5TATUS -
1 | Point | Brazil Brasiia Hational and provincial capital |:|
2 | Poini. | Brazil Goania Provincalcapital
3 | Point | Chile Santiago Hatinnal and provincial capital
4 | Point : Ecuador Guayaguil Prewincial capital
5 | Poinm ! Ecuadar Quto Hational and provincial capnal
& | Point | Paru Lira National and provincial capital
7 | Peint | Brazil Belem Previncal capital
& | Point | Brazil Manaus Provincial capital
% | Point | Bolivia Santa Cruz de La Sierra | Dther -
| ! b
TR 0 b w E (0 out of 256 Selected)
LCItIE =1 Million

9. Drag the column heading to the right. The pointer becomes an arrow with
a small rectangle, showing that a field is being moved. When the vertical
red line is between the CITY_NAME and STATUS fields, as shown in the
graphic, release the mouse button.
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o ox
SRk ML LR
N %
OhjectlD® Shape * CI!FH‘I’EIMHE CITY_NAME STATUS -
1 | Poind Brazil Brasiia Hilational and provincial capital [
2 | Point Brazil Goania Previncal capital
3 | Poini Chilz Santiagn Hational and provincial capital
4 | Point Ecuador Guayaguil Provincial capital
5 | Peint Ecuador Quto National and provincial captal
& | Point Peru Lima National and provincial capital
T | Point Brazil Belm Provincal capital
& | Point Brazil Manaus Provincial capital
9 | Peint Bolivia Santa Cruz de La Sierra | Other -
< I | b
14 4 0ok M iE| {0 out of 256 Selected)

The field names are rearranged.

2% B X
x
ObjectlD® Shape * CITY_NAME EII'FETEIIAIIE S5TATUS -
1 | Poini Brasilia Brazil Hatiznal and provincial capilal |j|
2 | Point Goiania Erazil Provincal capital
3 | Paini Santiago Chike Hational and provincial capital
4 | Point Cuayeguil Ecuador Previncial capital
3 | Poim Qoo Ecuador Hational and provincial capral
& | Peint Lima Pemu National and provincial capital
T | Point Belemn Brazil Previncial capital
& | Point Manaus Brazil Provincial capital
9 | Peint Santa Cruz de La Sierra | Bolwvia Other -
4 m | b
14 4 0 s M :E | {0 out of 2% Selected)

You can also freeze fields to make it easier to explore and understand
feature attributes. To do so, right-click a field header and click

Freeze/Unfreeze Column. This allows you to scroll across fields and
maintain a view of the frozen column. It is especially useful for tables
with many fields. Repeat the action to return the table to its default
behavior.




(c) ketabton.com: The Digital Library

Records, as well as fields, can be highlighted. When a record is
highlighted in the table, the corresponding feature is highlighted on the map.
A highlighted record or feature is said to be selected.

10. Click the gray tab to the left of the first record in the table. The record is
selected, shown by the cyan highlighting.

O x
& R e x
OBJECTID * CITY_HNAME CI'ITIT‘I’EHA“E ADMIN_NAME -
1 | Poini Braszilia Brazi Distrito Federal N|:|
Z | Poim Golana Brazi Golas Pi
3 | Point Sarntiago Chile Repion Wetropolitana N
4 | Point Guayaguil Ecuador Guayas P
% | Poind Quilo Ecuador Pichincha M
& | Peint Lima Peru Lima N
7 | Point Belemn Brazi Para Pi
B | Point | Manaus Brazi Amazonas Pi
3 | Point santa Cruz de La slerra Bolva santa Cruz o
10 | Point Astncion Paraguay Central N
11 | Peini | Roeario Argentina Sants Fe ]
12 | Poind | Buenos Airss Aroentina Distrilo Federal T Hiad
1 T [ r
14 4 Y B | (1 out of 2% Selected)

11. Move the attribute table so it doesn’t cover the map display. Brasilia is
highlighted on the map.

Next, you will clear the current selection, and then select the cities with a
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population of 10 million or greater.

12. At the top left of the attribute table, click the Table Options arrow, and
click Clear Selection.

- a0 x
M Find & Replace
By Sclat By Atlibules...
] Clear bedection

By Switeh Salsction

[ Selectan

ddd Fisld...
Turn All Fecbds On

13. In the attribute table, scroll to the POP field. Right-click POP and click
Sort Descending.

Table 0 x
- - Ephy T E x

Cibres > 1 Million

X

CHTRY_HAME STATUS e e e
Brazi Matiznal and provincial capital T2rT1i = SertAscending
Brazi Provincial capiial 11?111;:|_F Sort Descending
Chis Hotignal and provincil coptal | sparza ;
Ecuador Provincial capiial 105 Achamced Sonng
Ecuador Watiznal and provincial capital | 135881 Summanze..
N T Hat il and £rovinca capt T ¥ gaistcs..
|| Brozi | Provincial captial 1407 73]
[-y—r Bt il ACODT E Field Caleulator..
4 m
Calculate Geometry..
T 0 v u||[EHS @ outof 25 Selected)
= e Tumn Field 04
l Cities = 1 Million |
||ETahle OF Comtents |ET‘3‘H§'| FreezedUrfreene Colurmn
¥ DeleteFidd
| |1|" Properties...

The records are ordered from the largest population to the smallest.
Resize the attribute table if necessary to see more fields.
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Tale bR
SRl T YR
Cities = 1 Million x
Shape * CITY_NAME CHTRY_HAME STATUS POF POP_RAHK | =
Point Shanghai China Provincal capial 14808512 18
Foint | Busnos Ares Arertiva Naticnal and peouincal capta EELEI il
Point F.'!Erﬂhnj India Pru-u_in cial caplal 13891836 1
Point Karachi Pa EBTEII'! Prn}'lrl_!:_ﬂ_l_l_:EEI:BI _11_&2.‘931_9_ 1_
Point Maxlcn Cry Maxicy Mational and prowvincsl captai 11235654 1
Paint Iztanbul Turkey Prowincal captal | 11174357 1
Puoint Dalhi India Provincal capial | 10827088 1
Paint Manila Phiippinea Hatonal and provincel captal | 0444527 1
Point Mozcow Ruzzia Hatnal and provinciol capial 10381222 1
Point Drhalka Bangladesh Hational and provincial capial 10356500 1
Prink Smonl G tth Wness Hatirnal ranitsl snd meevineinl canital socael A0RAG1T 16
L] | m ]
TH aF M E {0 out of 256 Selected)
Cities > 1 Million |
E=lTable Of Contents | 55 Table

Next, you will select multiple records.

14. Press Shift, and click the tabs to the left of the 1st and 12th records in the
table to select them all at once (all cities with populations of 10 million or
greater). Alternatively, press Ctrl and click the tabs to the left of each

record up to the 12th row in the table.

Table m
sl
- - R O x
e et
Cities > 1 Million x
CITY _HAME CNTRY_NAME ETATUS pDP .ﬁ
Shanghai China Provincial capial 14408512
Buenns Alres Argenting latinnal and provinclal capeal 1ITEI00
Humbai India Provincial capial 126918368
Karachi Pakizian Provincial capial 11624215
Wexico City lWexico National and provincial capial 11285854
Blanoul Turkey Provincial caplal 11174257
Delhi India Provincial captal 10927586
Mania Fhilippines Mstiensl and provincial capisl 10444527
WMoacow Fuzsi Natienal and provincial capial 10381222
Chaka Bangadesh National and provincial capial 10355500
Seoul South Korea Katinnal captal and provinclsl caphal enclave 10349312
San Paulo Erazil Provincial captal 10021295
Lagoe Nigaria Othaer SOOG000 |
£ >
o 15 v u ||B|BE | 12 out of 156 Selected)

Look at the bottom of the table. Notice that 12 of 256 records are
selected.
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15. Move the table out of the way to see the map. The 12 cities with
populations of 10 million or greater are selected on the map.

?3

ik

e EEEEETE
EEHEREEHE

:

1y v | B 112 out of 256 Selected)

Cities > 1 Million

Sorting a field is useful for seeing high and low values, but you can get
more detailed information from running statistics on a field. If records are
selected in a table, the statistics will be calculated for those selected records
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only. Next, you will run some statistics.

16. With the 12 records still selected in the table, right-click the POP field and
click Statistics.

Selection Statistics of Cities =]

Field
.

Statistics:

Count: 12

Minimum: 10021255

Maimum: 14608512

Sum: 136941620

Mean: 11411301 666667
Standard Deviation: 1327695 635186
Mulls: 0

Frequency Distribution

- O = Rk W =W

0021295 11508260 12995225 14482190

The statistics window displays the number of records for which statistics
are being calculated (12) and the minimum, maximum, sum, mean, and
standard deviation values.

What is the total number (sum) of people living in the 12
largest cities?

The Frequency Distribution chart represents the distribution of values
graphically.

How many selected cities have values under 11,508,260?
(Compare your answer to the table to be sure you are reading
the chart correctly.)

17. Close the statistics window and the attribute table. On the menu bar, click
Selection > Clear Selected Features.

18. If you want to save your work, on the menu bar, click File > Save As.
Browse to your C:\EsriPress\GTKArcGIS\Chapter03\MyData folder. Give
the file a new name, and click Save.
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19. Click the File menu and click Exit. Click No if prompted to save your
changes.

Summary

This chapter gave you a broad introduction to map exploration using
ArcMap, the mapping application of ArcGIS Desktop. By now, you should
feel comfortable navigating a map, opening shortcut menus to choose
commands, and using basic tools that are commonly used to explore GIS
data. You should now understand that GIS data includes feature geometry, as
well as attribute data. You can obtain valuable information not only from the
map display, but also from the feature attribute tables.

Review the learning objectives at the beginning of the chapter. Do you
feel that you are able to perform the tasks listed? If not, review some sections
of this chapter as a reminder. You received a lot of introductory information
in this chapter. If you feel a bit overwhelmed, don’t worry—in the chapters
ahead, you will get more practice performing these basic tasks and learning
new ones.

Terms

layer

shortcut (context) menu
attributes

feature class
symbology

display scale
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Interacting with data

Browsing through map data
Adding data to a map
Working with map layers

Learning objectives

e Examine the contents of your GIS workspaces in ArcCatalog
e Differentiate data types according to their icons

e Preview geographic data

e Preview tabular (attribute) data

e Navigate and identify data in preview mode

e Create thumbnail graphics

e Read metadata

e Browse through the data catalog from within ArcMap
e Add data using various methods

e Search for data

e Fix broken data paths in a map document

e Work with data frames in layout view

e Copy, paste, and remove layers
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ArcCatalog is an ArcGIS Desktop application for managing geographic data.
In ArcCatalog, you can copy, move, and delete data; search for data; look at
data before deciding whether to add it to a map; create new data; and read
detailed information about data. The ArcCatalog application window includes
the catalog display for looking at spatial data, the Catalog tree for browsing
through data, and several toolbars.

Main menu bar

Standard | @ #eCumes - CifeRneeT Dot Workd 48\ Courtrie t=l=&s Geography
toolbar Fls Edit Veew Go Gesprecesiing Cuslemize Windews Help toolbar

et Bn x QRO M, 300 @ =,

CEaiProey' S THA=GIF Chacler DateWedd g \Covrines -g

ZRB Location

Metadata | Csslepiee — B % || Coswrin| P | Dueriaton | bar
= [ Feldur Casnsctaang &
toolbar o E s
5 C7\EariPress S ThAsc Ol
o B Comcantd i 'C_ata!::-g
| £ Cuptend - display
= Elons = ST T o e :
| = ) wierid e : e B L P .._,.-5‘-'1*' 2 _.'-.-—,:rT" (preview
Catalog mep B Lokgrend = ‘».t ¥ .{‘ =<3 _“*: ~ ff} e mode)
tree gcmm \‘-:.:-{a". i— 1”‘\? "‘T,;‘!-’ f
Friwed B, TR N
| 3 Dgamnly 1 1. AT
" S Cities Fhliye P g
1) s Citime_MoLoing ! :
3 yCata - [P — -
I ] D mond R g -'::?u = &
# B Cruptesds
T B Craplodé
¥ 3 Crupten]
& B Chuplesdd
2 ES Craptedd
. o S O ———

File Geoditabase Festwee Clasa sdected

ArcCatalog interface. Data from Data and Maps for ArcGIS 2010, courtesy of ArcWorld,
ArcWorld Supplement, DeLorme, and Esri.

You can also manage your data from within ArcMap by opening the
embedded Catalog window. This is the easiest way to manage data. From
here, you can access the core functionality of ArcCatalog without having to
open a separate application.
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ArcMap interface. Data from Data and Maps for ArcGIS 2010, courtesy of ArcWorld, ArcWorld
Supplement, DeLorme, and Esri.

Although the Catalog window in ArcMap can meet most of your data-
browsing needs, the ArcCatalog application includes 3D navigation tools
that aren’t available in the ArcMap Catalog window. So if you need to

preview 3D data, you will use the ArcCatalog application. You will use
both methods in this chapter, but in subsequent chapters where data
browsing is required, the Catalog window method will be used.

Spatial data comes in many different formats, including geodatabase
feature classes, coverages, shapefiles, CAD (computer-aided design) files,
rasters, and TINs (triangulated irregular networks). Each format is identified
by its own icon in ArcCatalog. The icon for a geodatabase, for example, is a
cylinder. The feature classes within the geodatabase are represented by
rectangle icons, with different patterns distinguishing point, line, and polygon
features. (Geodatabases can also contain other special datasets such as
annotation features, topologies, and relationship classes.)

In this book, you will use only the most common vector data types:
feature classes stored in a data container called a geodatabase, as well as
some shapefiles. You will occasionally work with raster surfaces, and you
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will also use layer files, which are not spatial datasets, but rather instructions
for displaying spatial datasets by using certain colors, symbol markers, line
widths, and so on. You will learn more about layer files and spatial data types
throughout the book.

E ) Data ¢ system folder
Geodatabase se—) =] ,_] Wndd.gdb

[E) Background
Geodatabase polygon p e
feature classes .j Cities e Geoodatabase point feature class

B Countries

: 15 Lﬂtlﬂng A 3 poclatabase line feature dlass
Layer files : .7 Graticule.lyr
7 Oceanlyr
lﬁ US_Cities PM.shp ¢ shapefile feature class
@ L.Iigid E1T S Rcter foature class

Geodatabase icons.

Data

Chapter 4 uses the same datasets as those used in chapter 3, as well as one
additional shapefile:

e US_Cities_PM.shp—point features representing US cities with a
population of 100,000 or greater, including demographics and pollution
data (Sources: ArcWorld; The World Bank)

Exercise 4a
Browsing through map data

ArcCatalog gives you more information about spatial data than you can get
from Windows Explorer or other file browsers. It can show you which folders
contain spatial data and what kinds of spatial data they contain. It lets you
preview features and attributes of data before you add the data to a map. It
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also lets you examine and edit metadata, which is information about your
data, such as when and how it was created.

It is never a good idea to use the system file browser (such as Windows
Explorer) to view or move GIS data. Spatial datasets appear differently in
Explorer, with many files, whereas in ArcCatalog, you see only one. If

you don’t copy all the files, the dataset will be corrupted. ArcCatalog (or
the Catalog window in ArcMap) is the best option for viewing, moving,
and managing your GIS data.

In this exercise, you will use ArcCatalog to look at GIS data and get
information about it.

The exercise instructions assume you have installed the data for Getting
to Know ArcGIS Desktop to the default directory (C:\EsriPress\GTKArcGIS).
If you have installed the data elsewhere, you will need to substitute the
correct paths.

1. Start ArcCatalog (located in the ArcGIS suite).

This opens the ArcCatalog application window.
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#5) ArcCatalog - Folder Connections

= e |
File Edit View Go Geoprocessing Customize Windows Help
) sa BB Q B RE 3= .
Folder Conmections - -
Catalog Tree * % | Contanta |F'rr,1r'r.w | Description
F £ Folder Connections N T
[E3 [i Toalbowes Sl rpe

& [ Database Servers

¥ £F Databaie Connections
& [3] GI5 Servers

[ 5 My Hosted Services

[ [ Ready-To-Lsz Ssruices
= E@ Tracking Connections

If this is the first time you have opened the ArcCatalog application, you
may need to display the Catalog tree.

2. If necessary, click the Catalog Tree button |If-j| on the Standard toolbar.

The Catalog tree lists the data and services that ArcCatalog is connected
to. Your application may look different from the preceding graphic,
depending on the connections you may have already created.

You can connect to any local drive on your computer, as well as database
servers, internet servers, and other services, organized by folders in the

Catalog tree. ArcMap also maintains a connection to ArcToolbox, which you
will learn about later in this book.

Once you connect to a folder, you can access the GIS data it contains. In

this exercise, it will be helpful to see the file extensions of different spatial
datasets.

3. On the menu bar, click Customize > ArcCatalog Options. This opens the
ArcCatalog Options dialog box.
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The ArcCatalog Options dialog box lets you specify the types of data
ArcCatalog displays and the information it shows about this data (file name,
file size, date modified, and so on). You can distinguish folders that contain
spatial data from those that don’t and make many other customizations to the
way data is displayed.

4. Make sure the General tab is selected. Clear the Hide file extensions
check box if selected, and then click OK.

ArcCatalog Options (]
General | File Typea | Conterts | Conrections | Metacatn | Tables | Raster | CAD |

What top level entries do vou want the Cataog to contain?

WiFalder Connectiors (ahmaysshown) ]
F|Tacboxes

|Database Servers

J|Databaze Connections

WGBTS Servers

WMy Hosted Services

V|Ready-To-Use Services

#D Hide file extensions

[¥#] Return to last used location when ArcCatalog starts up
[T List only ohiects owned by the connecting ussr with enterprise geodatzhases

[ ok ][ Concel | \pply

Next, you will create a connection to the GTKArcGIS exercise data so
you can work with it in ArcCatalog.
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5. On the Standard toolbar, click the Connect To Folder button |£%.

6. On the Connect To Folder dialog box, navigate to the local C drive to view
its contents. (Systems are different, but you may find the C drive in a
directory called My Computer or Computer.) Expand the EsriPress folder,
click the GTKArcGIS folder, and click OK.

ConnecE To Folier =

Chopse the folder to which you want to cornect:

28 Computer -
a &2 Local Disk () —

4 | EsriPress

b0 Chapted3
b Chapted
b Chapterd$ -

Eoldzr: .C:EnPress‘nEnw::EIS

| MakeNewFolder | | ok || Carcel |

You have made a connection to C:\EsriPress\GTKArcGIS.
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E Chapterid Folder
E Chapteri4 Folder m
I Chapterds Folder
£ Chapterlé Folder
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7. In the Catalog tree, expand the C:\EsriPress\GTKArcGIS. Then expand
the Chapter04 folder. It contains two subfolders, Data and MyData, and a
map document called ex04c.mxd. Expand the Data folder.

The Data folder includes a geodatabase called World.gdb and a shapefile
called US_Cities_PM.shp.

CatalogTree 1%
= E3 Folder Connections -
C\EsriPress\GTKArcGIS
£ Chapter03
= EJ Chapter(4
= £ Data
@ | World.gdb
= US_Cities_PM.shp
® £ MyData e
Q] e04c.mxd
& EJ Chapters
£ Chapter06
£ Chapter07
#® EJ Chapter08
® EJ Chapter09
E3 Chapterl0
# E3 Chapterll b
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8. Expand World.gdb.

The geodatabase contains four feature classes. A feature class is a group
of points, lines, or polygons that represent geographic objects of the same
kind. The Cities feature class contains point features, the Latlong feature
class contains line features, and the Background and Countries feature classes
contain polygon features. Each type of feature class is symbolized by a

specific icon.

The US_Cities_PM shapefile is a different data type. It contains points
that represent cities and has more attributes than the Cities feature class
stored in the geodatabase. It is not unusual to work with several different
types of data, although at some point in your workflow, you may choose to
convert these data types to the same format.

Catalog Tree

- @ Folder Connections
= £ C\EsriPress\GTKArcGIS
# ] Chapter03
= [ Chapter0d
= £ Data
= |3 World.gdb
@ Background
(%) Cities
&) Countries
=) Latlong
3 US_Cities_PM.shp
+ £ MyData
Q| edMdc.mxd
£3 Chapterd5
E3 Chapter06
E3 Chapter07
£ Chapte08
1 [ Chapter09
£ Chapterl0

+| = [+

" =

-

9. On the Standard toolbar, make sure the Details button & is active.

10. In the Catalog tree, click World.gdb. In the catalog display, make sure the
Contents tab is active.
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= £ Chaptedd - ] Cities Filz Geodatabase Feature Class

= £ Data E Countries File Geadatabase Feature Class

= B World.gdb =] Latl g File Geodatabace Feature Clas:
[ Background

] cities
B Countries
[=] Latlong
=7 US Cities_PM.chp
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Q| e0dc
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Mame Type

Four adjacent buttons on the Standard toolbar change how files look on
the Contents tab. The Large Icons button displays large icons horizontally.
The List button displays small icons vertically. The Details button is like the
List button, except that it also shows the file type—in this case, file
geodatabase feature classes. The Thumbnails button allows you to view small
graphics of spatial datasets. Whenever a folder or a geodatabase is
highlighted in the Catalog tree, these four buttons are activated.

11. On the Standard toolbar, click each of the buttons that change the look of
the Contents tab: Large Icons E, List E, Details &=, and finally.
Thumbnails E.

At any time, pause the mouse pointer over a button to see its ToolTip.

This also works in ArcMap and other ArcGIS Desktop applications.

The display changes to show thumbnail graphics of the content of each
file. A thumbnail graphic of a dataset can help you decide quickly whether
you want to use the data or not. Notice that there is no thumbnail graphic for
countries. When a thumbnail graphic hasn’t been created, you will see only a
larger version of the feature class icon. Next, you will create a thumbnail
graphic for the Countries feature class.
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Baclcﬁmundl Cities|

Countries| Latleng|

12. In the Catalog tree, click the Countries feature class in the World
geodatabase. In the catalog display, click the Preview tab.

The Countries polygons are displayed in pale yellow.
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All polygons are displayed in pale yellow when previewed in ArcCatalog.

Points are displayed in black and lines in navy blue.

13. On the Geography toolbar, click the Create Thumbnail button &,

An image of the data shown on the Preview tab is saved as a thumbnail
graphic.

14. In the catalog display, click the Contents tab to see the new thumbnail
graphic.

A thumbnail graphic gives you a quick visual of the data, but you may
want to view the data in more detail. The Preview tab and the tools on the
Geography toolbar let you investigate a dataset further before you decide
whether you want to use it on a map.

Corttents | Preview | Description |

“.,-{%;C?' e
.1 r:‘k -.';%F‘:_J; t::-” -::_.:".i'
o - e i, T
T, Y W,
v
LY i -7'-‘{-’ -
Countries|

15. Click the Preview tab to see the Countries dataset at full size.

16. On the Geography toolbar, click the Zoom In tool |&]. Drag the tool to
draw a box around the area north of Australia, as shown in the graphic.
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17. On the Geography toolbar, click the Identify tool [@. Click the feature
indicated in the graphic to identify it. If you don’t see the feature flash
green on the map, move the Identify Results window away from the
display, and click the feature again.

I e ——

Lorpers: |'¢ Copuntries LI

= Countries Location: (143 344087 £.008537)
- Papua Mew Guinea | fs

UBIEL 1
Shape
FIPS_CHTRY
GRA_CMTRY
150_2D0T
[50_3DHGT
T50_MUBA
CHTRY_MADE
LOMNG_MAME
[SOSHRTHAM
UMSHETHAR

Is Papua New Guinea a UN member state? (You may need to
scroll down in the Identify Results window to view the Status
attribute.)

18. Close the Identify Results window. Use the Pan tool from the Geography
toolbar [ to move around the map. The Pan tool works here just as it
does in ArcMap.
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19. Click the Full Extent button [@] to zoom to the full extent of the data.

You can preview the attributes of a dataset as well as its geography.

20. At the bottom of the catalog display, click the Preview menu, and click
Table.

The display shows the attribute table of the Countries feature class.

DBJECTID® | Shape* | FIPS_CNTRY | GMI_CNTRY | 1S0_200GIT | 15( =
9 1 | Polygen &Y LY &Y euv =
Z | Polygen NS SUR SR SUR
T 2 | Polvgen TD |TTo il IEiE
4 | Polygen VE WVEN VE WEN
£ | Polygen AR ARG &R ARG
& | Polygen BL BOL B0 BOL
7 | Potygon BR BRA BR BRA
2 | Pohygen cl CHL CL CHL
o | Polygen EC ECL EC ECU
| 10 | Polygon | PA PRy Y | PRY
11 | Polygen FE FER PE FER
12 | Polygon Uy URY Uy URY
13 | Pehygon CA CAN CA CAN
14 | Polygen (53 GTM (5] GTM
1% | Polygen M MEX W MEX
16 | Polygen BE ERS BE BRE
B 17 | Polygen [iTa) OMA N | oma
18 | Polygen & GRD [=0) GRD _
T T - N - s
RSN L 1 n |B (of 249)
Preview:  |Table v | —

21. Scroll through the attribute columns.

Sometimes attributes have cryptic names. Many organizations maintain a
data dictionary, which decodes and describes attributes.

22. When you are finished looking, click the Preview menu again, and click
Geography.

The third tab on the catalog display is the Description tab, which displays
metadata—essentially, data about data. ArcCatalog doesn’t require you to
maintain metadata, but it is considered best practice to do so, and many
organizations require metadata to ensure data standardization and quality.
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23. In the catalog display, click the Description tab. If needed, scroll down to
see the thumbnail graphic you created, as well as keyword tags,
summary, description, credits, and use limitations.

Notice the metadata shows a different name (World Countries instead of
Countries). In geodatabases, any changes to feature class names are
not automatically reflected in the metadata. One technique for

documenting data sources is to maintain the original name (World
Countries) in the metadata, even if you rename the actual feature class
(Countries). Or, you can change the original name in the metadata using
the Edit function described in step 24.

[Corkerts | Proview | Descrption |
1

Egpm S Eot [ rpot

World Countries
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Tags

polygon, countries, intemational boundaries, coastlines,

area, international codes, status, population, boundaries,
society, World, IPC, US Census, demographics, air pollution,

1996, 1998, 1993/1994, 2000, 1994, 2000, 2001, 2000,

1995-2002, 1999, 2002, 2002, 2002, 2002, 2003, 2000,

2004, 2005, 2004, 2004, 2006, 2005, 2007, 2006, 2006,

2008, 2006

Summary
World Countries provides political boundaries for the world in
(L2008, Tncludes Census demnaranhics attrihutes and air =

24. Click the Edit button on the uppermost bar inside the description to
access metadata about the Countries feature class.

Metadata documentation can be created and edited on the Description
tab.
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Taga

25. Scroll down to see what type of metadata can be entered.

Many organizations require adherence to strict metadata standards. You
can choose different styles of metadata to be in accordance with various
national or international standards. For more information about metadata

and the styles supported by ArcGIS, consult ArcGIS Desktop Help. On
the main menu, click Help, and then click ArcGIS Desktop Help. On the
Contents tab, navigate to Manage data > Data types > Metadata.

26. In the catalog display, click the Contents tab. In the Catalog tree, click
World.gdb. On the Standard toolbar, click the Details button.

This restores the display to its initial state.

27. If you are continuing to the next exercise, leave ArcCatalog open.
Otherwise, exit the application.

Exercise 4b
Adding data to a map

You can easily add data to ArcMap from the ArcCatalog application or,
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easier still, from the Catalog window within ArcMap. Once feature classes
are added to ArcMap, they become map layers.

ArcGIS applications include a Search window that allows you to search
for geographic data on disk or across a network. You can search by name, file
type, geographic location, creation date, or other properties stored in the
metadata.

Suppose you want to create a map that presents worldwide air pollution
data. In this exercise, you will add layers to a new map document and search
for more data that may be a useful addition to the world population map you
studied in chapter 3.

1. Start ArcCatalog if not already open. If necessary, in the Catalog tree,
browse to your C:\EsriPress\GTKArcGIS folder connection and expand
ChapterO4\Data\World.gdb.

5l ArcCatalng - C:\EsriPress\GTKArcGIS\Chapterdd\Data T e
File Edit View Go Geoprocessing Customize Windows Help

& EE @ x BEERQQBEEEE P, .
C\EsnPress\GTKACGI S Chapter)4\Data - -
e
Catalog Tree & ¥ | Comerts | Preview | Description |

El E5 Felder Connections
H E5 CAEsriPress\GTKArcGIS =
= (5 Chapterd3 L #World.gdb File Geodatabase
= B3 Chapterd [EF]US_Cities_PM.chp Shapefile
= I [
= ¥ World.gdb
] Background
] Cities
Hl Countries
=] Latlong
[%3 US_Cities_PMshp
# B3 MyData
QI] e oo
[ EJ Chapterdlt
E [ Chapterl6
F 5 Chapted7
# £ Chapterdd &

Folder selected

[

Mame Type

m

2. On the Standard toolbar, click the ArcMap button @ to start ArcMap.

3. If you see a Getting Started dialog box, under New Maps, click My
Templates. In the My Templates panel, click the Blank Map symbol, and
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then click OK. Or if ArcMap is already open, click the New button to open
a blank map.

& Mew Document H

Chease & template for your mzw map

() New Maps My Templates o
My Templates
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Next, you will add layers to your new, empty map document.

4. Position the ArcCatalog and ArcMap application windows so that you can
see both the Catalog tree and the ArcMap display window.

5. From the Catalog tree, drag the Latlong feature class file anywhere over
the ArcMap display window and release the mouse button. Bring ArcMap
forward by clicking its title bar.
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The layer is added to ArcMap. ArcMap chooses random symbol colors
when new datasets are added to a map, so your results probably won’t match
the graphics in the book.

6. Close ArcCatalog. You will add the rest of the map layers from within
ArcMap.

7. In ArcMap, look for a Catalog tab on the right side of the display window.
Click the tab to see the Catalog window. If you do not see a small Catalog

window. Dock the window to the right of the map display.
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Here is another way to open the Catalog window: On the menu bar, click

Windows > Catalog.

Most of the functionality of ArcCatalog is available in the ArcMap
Catalog window. The window can be docked or undocked. If docked, you
can use the Auto Hide function to collapse the window when you’re not using
it. The Catalog window shows your folder connections and also includes a
Home folder, which points to the current map document’s workspace, if you
are working in a saved map document.

ON YOUR OWN

Turn the Auto Hide function on and off by clicking the Auto Hide button
(pushpin icon) and notice the resulting behavior of the window when you
click the map display. When you've tried it both ways, set the option to
the one you prefer.

Aute Hide button

) |

Y I NI

Locabion: "-._ # Ccman.lyr -

= Eal Folder Connections -
=l EI CAEsrPress GTEAGIS
@ & Chapterd3
= E5 Chapterl4

8. In the Catalog window, go to your C:\EsriPress\GTKArcGIS folder
connection, and expand ChapterO4\Data\World.gdb. Click the Countries
feature class to highlight it.

9. On the Catalog window toolbar, click the Toggle Contents Panel button
%] to see both the file tree and the preview. (You may need to drag the
divider between the panes to see the preview in its entirety.)
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10. Drag the Countries feature class to the ArcMap display.
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You can also add data using the Add Data button.
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11. On the ArcMap Standard toolbar, click the Add Data button [&]. (Click just
the button, not the arrow next to it.)

12. On the Add Data dialog box, browse to \GTKArcGIS\ChapterO4\Data.
Double-click World.gdb. Click the Background feature class, and then
click Add.

Lookin: (3 world.cdb et @ E B ®

e

[=] Background
] Cities

\El] Countries
Latlong

Mame: Background Add

Snow of type: | patasats, Layers and Results r] [ concel |

13. In the ArcMap table of contents, drag Background to the bottom of the list
so it does not obscure Countries.
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Your map clearly needs work—the default symbols need to be modified
so the map looks nice and shows the attributes you are interested in. In
particular, you want the Countries layer to show air pollution levels.
However, you won’t concern yourself with creating symbology in this
chapter. That is presented in chapter 7.

ON YOUR OWN

Open the attribute table of the Countries layer and verify that the dataset
includes the air pollution field called pm10.

Perhaps you want to add more data that pertains to the worldwide
pollution data you already have, but you don’t know if there’s anything
available. Next, you will use the Search window, which is a tool to find
maps, data, and tools that match your search criteria.

14. On the Standard toolbar, click the Search button [&E.

This opens the Search window. By default, it is placed to the right of the
display area, as a tabbed window residing in the same space as the Catalog
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window. It can remain there, fixed or with auto-hide turned on, or you can
make it float in its own space, just like the Catalog window and the table of
contents.

15. Arrange the Search window as you prefer.

You will concentrate your search for pollution data using keywords, or
tags, stored in the metadata. If any matches are found, the dataset and its
description will be returned in the search results. First you will create a search
index to facilitate the Search tool.

Search O =
|ﬁ} Py | ] - :LDcaISearch v:

ALL Maps Data Toals

Any Exkt=nt -

16. Click the Search Options button =li-. Click the Add button, navigate to the
Chapter04 folder, and click Select. Then click Index New Items at the
bottom of the dialog box. The index may take a few minutes to complete.
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17. When indexing is complete, click OK to close the dialog box. In the
Search window, make sure the menu is set to Local Search. In the text
box, type pollution and press Enter. When the results are returned, you

can expand the window for easier viewing if necessary.

The Search function returns several matches: a map document, two
feature classes, and several tools.
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18. In the search results listing, click the description (navy-blue text) of the
US_Cities_ PM shapefile.

This opens an Item Description window, which includes the metadata.
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19. In the Item Description window, read the Summary and Description
statements.

The metadata informs you this feature class shows air pollution
measurements for most major US cities (population of 100,000 or greater). If
you hadn’t used the Search function, you might not have realized this
shapefile includes pollution information.

The Search function highlights the importance of good metadata. Without

good metadata, including relevant tags, an item would be returned only if
the keywords are found in the item’s name.

20. In the Item Description window, click the Preview tab.

Notice the tab has geography navigation tools so that you can explore
your data more closely, just the same as in the ArcCatalog application.
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21. In the Preview menu, click Table. Scroll to the right to see the last field,
pm10.

This field stores particulate matter measurements in urban areas,
estimated by a research team at The World Bank.
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22. Close the Item Description window. From the Search window, drag
US_Cities_PM (the light-blue link) to the map display.
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Notice that the points go automatically to the top of the layers list in the
table of contents.

-

M| 2 e———— ——— }

23. In the table of contents, right-click US_Cities_PM and click Zoom To
Layer.
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Identify (@ a few point features, and find the pm10 attribute value.

24. If you want to save your work, on the menu bar, click File > Save As. Give
your file a new name and save to your MyData folder for chapter 4.

25. If you are continuing to the next exercise, close the Search window and
leave ArcMap open. Otherwise, exit the application.

In exercise 4c, you will organize the layers to create a meaningful map
layout.

Exercise 4c
Working with map layers

When you add data to a map document, you can examine it as a navigable
map display, as you did in chapter 3. This is called the data view of the
map. You can also look at it as if it were on a page that you send to a printer.
This is called the layout view. When you are in layout view, you can still
interact with the map layers, but this view is best used for creating static
presentation maps.

In layout view, you see map layers organized in one or more rectangles
on a larger background rectangle. The smaller rectangles are called data
frames, and the background is called the virtual page.

A map document can have one data frame or many. Data frames can
contain different sets of data (usually related to a common subject), or they
may show different views of the same data. If you wanted a layout to show
more than one map view, you would use multiple data frames.
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In data view, you see just one data frame at a time.
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The display window shows the contents of the active data frame. The
name of the active data frame is in boldface in the table of contents. In the
graphic, the active data frame is called United States. The default name given
to data frames is Layers.

In chapter 10, you will learn in detail how to create maps for
presentation. For now, you will learn how to work with data frames in
ArcMap to create a simple layout. Remember, your objective is to create a
presentation that displays air pollution data.

1. In ArcMap, open the ex04c map document from your
C:\EsriPress\GTKArcGIS\Chapter04 folder.
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There are several things to note about this map document, but of most
pressing importance are the red exclamation points in the table of contents.
This is the sign of a broken data path, and it often occurs if a map document
is not saved with relative paths. If a user creates a map document from data
stored on the computer’s desktop location, and saves the map with absolute
paths, ArcMap will look for that user’s desktop location in search of the
source data, but to no avail.

2. To fix the problem, in the table of contents, right-click U.S. Major Cities,
point to Data, and click Repair Data Source.

A quick way to repair the data source is to clear the U.S. Major Cities

check box to disable it, and then select it again to trigger the Set Data
Source dialog box.
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3. On the Data Source dialog box, browse to

C:\EsriPress\GTKArcGIS\ChapterO4\Data. Click US_Cities_PM.shp, and

then click Add.
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The broken path is repaired. In fact, ArcMap repaired the other broken
links, too, by finding the correct source datasets in the folder you just
specified.
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To avoid this problem in the future, you will save the map document
with relative paths.

4. On the menu bar, click File > Map Document Properties. In the lower
portion of the dialog box, select the “Store relative pathnames to data
sources” check box, and then click OK.



(c) ketabton.com: The Digital Library

| ForPracc ST A IS hap bar D8l o]
Tithes & PoluSon Sauck
summany: ENErose 40 for Letng 4o Know Aol for Leskiop,
4 Coliion
Description:
Autar: EsriPress
Credits;
Tap:
[ S —
Lt Saved: 4232014 1 1: 24253 AW
Lasst Prired:
Last Expartod:
Defauk
‘Geodatal Zriemrs ey Collins \Doo APTiEIS
Patranes: < Shore relative pathnames b deta sorces
i MlleThumbeal | | DeleteThubeal |
ot [omea] [oten.]

Now that you have fixed the data paths, you can take a look at the map
display. The map is currently open in layout view. It includes the same data
you worked with in exercise 4b, but the layers now have meaningful
symbology, and they have been given more descriptive names. You see the
mabp as if it were on a piece of paper. A new toolbar, the Layout toolbar, is
open. It can be docked or free floating.

RIANBDBD EE - DEMBD

If you don’t see the Layout toolbar, on the menu bar, click Customize >
Toolbars, and then select the Layout check box to turn on the toolbar.

If you resize your ArcMap window in layout view, you can restore the
appearance of the layout by clicking the Zoom Whole Page button on
the Layout toolbar.
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The map document has a single data frame occupying the upper half of
the virtual page. Some other elements have been added to the layout for you.
There is a title above the data frame, a subtitle, and a legend. The U.S. Major
Cities points cannot be discerned on the map. You will zoom in to fix this;
however, you also would like to show the world data. To do this, you need
two data frames.

5. In the table of contents, right-click U.S. Major Cities and click Zoom To
Layer.

6. On the menu bar, click Insert > Data Frame.
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A data frame is added to the layout, and its name, New Data Frame,
appears in the table of contents. The name in the table of contents is in
boldface, indicating that it is the active data frame—the one to which new
layers will be added.

7. In the layout window, move the mouse pointer over the new data frame.
The pointer changes to a four-headed arrow. Drag the new data frame
below the first data frame.
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8. Move the mouse pointer over the lower-right anchor (the blue square).
The pointer changes to a double-headed arrow. Drag the anchor to the
lower-right corner of the layout page, enlarging the data frame window as
shown in the graphic.
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9. Now drag the upper-left anchor so the new data frame is approximately
the same size as the one above it.
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The name of a data frame is independent of any title you may choose to
add to the layout. By default, the first data frame in a map document is called
“Layers,” the second is called “New Data Frame,” the third is called “New
Data Frame 2,” and so on. It is often helpful to rename a data frame to
something more descriptive, as described next.

10. In the table of contents, right-click the first data frame (Layers), and click
Properties. On the Data Frame Properties dialog box, click the General
tab. For name, enter United States, and then click OK.
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11. Click the second data frame in the table of contents, and click again to
make it editable. Rename the second data frame World Countries.
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12. Click the Data View button in the lower-left corner of the layout window.
You use this button and the Layout View button next to it to switch views.

[Eafen «f
/ \

Data Layout
view view

You can also change views from the View menu. On the menu bar, click

View > Data View or View > Layout View.

The display window is empty because the active data frame (World
Countries) contains no layers.
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To activate a data frame, right-click the frame name in the table of
contents, and click Activate. Or use the shortcut Alt+Click. In the layout

display, a light-gray dashed line surrounds the active data frame. The

navigation tools on the Layout toolbar work with whatever frame is
activated.

13. In the table of contents, right-click Air Pollution by Country, and click

Copy. Right-click the World Countries data frame, and click Paste
Layer(s).
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Now you have the same layer in two data frames—one layer is zoomed
to the United States (the one in the United States data frame), and the other is
zoomed to the full extent (the one in the World Countries data frame).

You also want copies of the Ocean and Graticule layers in the second
data frame.

ON YOUR OWN
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Copy the Ocean and Graticule layers to the World Countries data frame.
Use the Ctrl key to select both layers at once. Reorder the layers as
needed for proper drawing in the World Countries data frame.

14. Switch again to the layout view.

15. Finally, click anywhere in the white area of the virtual page to clear the
selection of the lower frame. (It will still have a dashed outline to show it is
the active data frame.)

Air Pollution Study

Parfcula®= mater conoentra fon measured in micrograms per cubic mater

 Legend
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PM concentration

o g
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[ 1w
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Your layout presents the air pollution data nicely. However, you decide
the Graticule layer is unnecessary for the purpose of this map. You could just
turn off the layer for both data frames in the table of contents. Another option
is to remove it from the map document instead, to declutter the table of
contents.
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16. In the table of contents, under the United States data frame, right-click
Graticule, and click Remove. Remove the Graticule layer from the World
Countries data frame as well.
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To close the Layout toolbar, right-click in an empty space near the

ArcMap toolbars. From the list that appears, click Layout to clear the
check box and turn off the layer.

17. To save your work, on the menu bar, click File > Save As. Give your file a
new name and save to your MyData folder for chapter 4.

18. Exit the ArcMap application.
Summary
You now know how to bring data easily from ArcCatalog into ArcMap or—

even easier—from the ArcMap Catalog window. Using the Search window,
you learned how to find relevant data stored locally (or on the web or
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available servers). Finally, you practiced working with multiple data frames,
which is necessary for creating a printed product with more than one map.
The difference between data view and layout view should now be clear.

Terms

geodatabase
shapefiles
metadata

data dictionary
data view
layout view
data frames
layout
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Exploring online resources

Creating a web map
Merging online and local layers
Sharing a map package

Learning objectives

e Register for an ArcGIS account

e Browse the ArcGIS website

e Open and create an online map

e Explore ArcGIS basemaps and thematic layers
e Examine online map descriptions and properties
e Search for shared online data

e Add web map layers to ArcMap

e Upload a map package to ArcGIS Online

Esri’s solution for GIS in the cloud, ArcGIS Online, is a web portal for
working with maps and other types of geographic information. It functions as
an online repository of maps, data, apps, and tools and allows anyone to use a
web browser to create, analyze, and share GIS information—no software
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download is required. It also hosts developer resources for building web
mapping applications. ArcGIS Online is an essential part of the ArcGIS
platform—it is integrated into the ArcGIS Desktop applications, which
makes it easy to search for and access geospatial information when you need
it.
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ArcGIS Online home page. Visit http://www.arcgis.com/home.

The ArcGIS Online Gallery features live, up-to-date basemaps, imagery,
and maps created and shared by other users like you.
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The web map viewer can be used to explore different parts of the world
using the basemaps that are provided. (A basemap refers to a noneditable
background map depicting reference information, such as landforms, roads,
landmarks, political boundaries, or satellite imagery, onto which other GIS
layers are placed.) You can add other layers, and save and share your map.
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The Amazon Basin, as seen in the ArcGIS Online map viewer. Map and data courtesy of Esri,
DeLorme, FAO, USGS, NOAA.

ArcGIS Online offers configurable apps such as Story Maps and
comparison maps. ArcGIS Online also offers ready-to-use apps for

smartphones, tablets, and desktops. These downloadable apps are available to
all ArcGIS Online users.
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Show
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n
~
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Share information and maps with ArcGIS apps that run on desktops, tablets, and
smartphones.

With an ArcGIS account you can view and join different ArcGIS Online
groups. Through your group you can collaborate, discuss, and share your
content with others in your organization, the ArcGIS Online community, or
the public through social media sites such as Twitter and Facebook.
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A group can share maps, layers, apps, tools, and files on ArcGIS Online.

You can manage your own storage space and content—such as web
mabps, feature layers, service definitions, ArcMap documents, and map
packages—from the My Content tab.
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To access the features of ArcGIS Online, you must have a working
internet connection and an ArcGIS account. You can either have a
subscription account (the common choice for organizations) or a free
public account. Subscriptions come with varying levels of usage credits

that you need to use the online geoprocessing and analysis tools. You
can also use your Esri account login information to sign up for a free
public account with limited usage. For this book, the free public account
will suffice.

ArcGIS Online truly brings GIS to the world, offering community-hosted
web maps highlighting endless sectors, problems, and areas of interest. Maps
are interactive, allowing you to create and store information, explore a vast
collection of data and maps, and perform some GIS functions, such as
measuring distance and area, adding notes and bookmarks, editing features,
and geoprocessing data.

ArcGIS Online is fully integrated with ArcGIS Desktop software. In
ArcMap you can add basemaps served from ArcGIS Online, and you can
publish ArcMap documents to ArcGIS Online, sharing your work with
members of your organization or with the user community.

In this chapter, you will explore ArcGIS Online to understand how it is
used in conjunction with ArcGIS Desktop.

Note: Due to the dynamic nature of websites, the graphics used in the
book may not reflect the current appearance and features of ArcGIS Online.

Data

This chapter uses the following datasets:

e World Topo Map—basemap includes administrative boundaries, cities,
water features, physiographic features, parks, landmarks, highways,
roads, railways, and airports overlaid on land cover and shaded-relief
imagery for added context. The map provides coverage of the world.
(Sources: US Geological Survey [USGS], US Environmental
Protection Agency [EPA], US National Park Service [NPS], Food and
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Agriculture Organization of the United Nations [FAO], Department of
Natural Resources Canada [NRCAN], GeoBase, Agriculture and Agri-
Food Canada, NAVTEQ, TomTom, Automotive Navigation Data
[AND], DeLorme, and Esri)

e World Imagery—basemap of low-resolution imagery of the world and
high-resolution imagery of the United States and other areas around the
world. (Sources: NASA Blue Marble, i-cubed, Getmapping, AeroGRID,
GeoEye IKONOS, US Department of Agriculture [USDA], National
Agriculture Imagery Program [NAIP], US Geological Survey [USGS],
and Digital Ortho Quarter Quad [DOQQ)])

e Bike Racks—point layer bike rack locations in the City of Chicago,
Ilinois. (Source: City of Chicago)

e Bike Routes—Iline layer showing bike routes in the City of Chicago,
Ilinois. (Source: City of Chicago)

Exercise 5a
Creating a web map

ArcGIS Online provides a robust web map viewer you can use to quickly
create web maps containing a basemap and layers found throughout the site.
You can create a web map in just three steps: (1) choose an area to display,
(2) add content, and (3) save your map. You can change the geographic area
of interest (for example, you can zoom out from a country view to a
continental view), explore the metadata behind the map, and add and remove
layers.

You always start a web map with a basemap layer. Then you can add
operational layers, which are the layers you can manipulate. This process
is sometimes called a mashup, because you are combining layers of
information, often from different sources, to create a single map. These
content layers can be any map, image, or feature service hosted by ArcGIS
Online—these might be layers provided by Esri or by any member of the GIS
community who has made data accessible to ArcGIS users. Map services
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make maps, features, and attribute data created in ArcMap available to the
web using ArcGIS. Image services serve raster datasets, such as surfaces or
imagery. Feature services serve vector features and provide the symbology
for displaying the features.

What is unique about these web maps is that you can view, create, and
share them from within ArcGIS Online. In addition, other clients such as
smartphones, tablets, and ArcGIS Desktop can access these maps without any
additional programming or third-party applications or plug-ins.

Note: This exercise requires you to be connected to the internet.

1. In a web browser, go to http://www.arcgis.com. In the upper-right corner,

click Sign In. If you already have an Esri account (the general account
used for accessing personalized Esri content), sign in and skip to step 3.
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REATE & FUBLIC ACCOUN
Heep me maned in
¢ an Hen Bessurk, voc have ssbsmubeslly basn grn m
Forgut prrswncrd? Fargn mirm
Sign in wilh ENTEBPRISE &CCOUN |
Sign in wilh 5

2. If you don’t have an Esri account, click the Create Public Account link. Fill
out the form, accept the terms of use, and create the account. Edit your
profile if you wish.

3. On the main navigation bar at the top, click Content.
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ArcGGIS Features Plans Gallery Map Scene Groups Content

I

The Content page contains all the tools necessary to add, edit, share, and
access all your saved content. Your map viewer may not show any content
yet, but in the following steps, you will learn how to create a map and save it
to your Content page.

The Edit option is not visible from the Content page. It is available on the

detailed description page of existing content.

4. On the main navigation bar, click Map. If you have been viewing or
working with any maps in the current session, a dialog box may appear to
ask if you want to open a new map. Click Yes.
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The web map viewer displays a basemap showing a topographic map of
the world. To navigate the map, use standard mouse pointer operations. (This
is probably already intuitive.)
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5. Drag the pointer to pan around the map.
6. Double-click a location on the map to center and zoom.

7. Rotate the scroll wheel of the mouse up and down to zoom in and out,
respectively.

If you are using a tablet or a touch-screen monitor, use standard touch-
screen navigation methods: swipe one finger to pan, and use finger and

thumb in conjunction to zoom (pinch finger and thumb together to zoom
out; slide finger and thumb away from each other to zoom in).

8. Pan and zoom to the Himalayas, a mountain range in Asia separating
India and China.
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The Himalayas run west-northwest to east-southeast, in an arc 2,400
kilometers (1,500 miles) long. It is home to Mount Everest, the planet’s
highest peak at 8,848 m (29,029 ft). To get a better sense of the land cover,
you will change the basemap.

9. On the map viewer toolbar, click the Basemap button Ef saseman . The
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menu that appears shows previews of available basemaps. Click Imagery
with Labels.
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The basemap changes to show satellite imagery, country borders, and
labels for countries and major cities. To find out more about this basemap,
you will look at its description and metadata.

10. On the Details panel (if it is not visible, click the Details button), click the
Contents button |E . (You may have to widen the Details pane to see the
options.)

11. Hover the mouse pointer over the Imagery with Labels text. Notice that an
arrow appears to the right of the label. Click Imagery with Labels to
expand it. Hover the mouse pointer over World Imagery and click the
three dots that appear to open the properties menu. Click Description.
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This opens a new window or tab. The service description lists
information about the image sources, resolution, tiling detail, spatial extent,
and ownership information. Notice the row of View In hyperlinks. You can
click these links to download the basemap as readable files for various
applications, including ArcMap and Google Earth. Or you can get more
metadata about individual layers.
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12. Also look at the description for World Boundaries and Places.

13. Scroll down the page to view more metadata. Stop and review the Tile
Info section.

How many levels of detail are there in this basemap?

Compare the resolution and scale values for two different
levels. What does this tell you?
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The basemaps on ArcGIS Online are composed of individual image tiles.
Multiple levels of detail provide the appropriate amount of detail at each map

scale.

14. If your description was opened on a new browser tab or in a new window,
close it after you finish viewing the metadata. If you did not return to the
exact same location, change the basemap to Imagery with Labels, and
zoom to the Himalayas again. On the main navigation bar, click Map.

BreGIS Fowun s Pline Gallary Map Scons Growps Coment
The map is now ready to be saved.

15. On the map viewer toolbar, click the Save button |&- , and then click

Save. On the Save Map dialog box, enter the title: Himalayas. Enter the
tags: himalayas, mountain range, mount everest. Enter the summary:
A basemap of the Himalayan range, and click the Save Map button.
The Save in folder list shows your own sign-in name.
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Save Map

Titles
Tags:

Himalayag

himalayas » mountain range ¥  mount sverect

Cummary: A pasemap of the Himalayan range

Save in Talder: mikaw

Tags, or keywords, are used to categorize content and make it

searchable. Appropriately defined tags can help users find the content in
ArcGIS Online or elsewhere on the web.

The map is saved, and the title of it is changed at the top of the map
viewer.
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When you click the About button « , a short summary appears along
with the type of document (Web Map) and the author (you). The rating
system indicates which maps are popular.

ArcGIS = Himalayas

0 B = 4
Himalayas

& boscrmap of the Himaloyvan rangc
E Web Map by miaw

La=t Modfied: September 23, 2017
(@ rotimga, O commenta, O

e

More Dnetails. .
Create presentation
Make wour own map

add to thic map
Make a new map

Esri.com - ArcGI5 Marketplace . Helo . Terms
of U=e . Priveacy - Contact Esn . Report Abuas

16. To the left of the title Himalayas, click ArcGIS, and in the list, click
Content.
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Notice that your Himalayas map is now listed, showing its document
type, modified date, and shared status. If you previously saved maps, they
will be listed here as well. Next, you will view more map details and options.

17. Click the Himalayas map title.

Dpanoirs Map Vieowear

Last Meodified: September 23, 2017

] Wwebk Mag

Description # B

Al ani '\F'.'i.F'.'li.IL‘%ﬁ."l!.?'l_'l of Mg e,
Details
P z 6] i viewsz
Layers -
Crastas: Saptambar 23, 2017
e 1 KB

e
Waoild lmagery Shered with: The item i5 not shared,

This page is used to manage your saved map. It displays a thumbnail
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graphic of the map, its description, hyperlinks to the content used in the map
(in this case, web services), shared status, tags, credits, file size, spatial
extent, and other map settings. In addition, this page allows you, or anyone
you share your map with, to comment about the map. To further extend the
reach of your map, you can share it with your social network through
Facebook and Twitter.

If you want other ArcGIS users to be able to see your map, you must first
share it with the public or a group. To avoid a high volume of duplicate

maps, it's best not to share with the ArcGIS community right now. But
feel free to share your map with your personal network.

Next, you will view the edit page of this map to see its options.

18. Below the Description heading, click the Add an in-depth description of
the item link. Alternatively, click the Edit link to the right of the heading.

Description # Edit
Add an in-depth descniption of the item. T
Edit Descr Ehon i
Hj’gﬁtmfzzzziziz_._:.zw' .=', (j
I Detals
&5 v
% w0
| Created: September 23,2017
Serwc 1 KR
Srarad with: The item ks not shared
COhwwngr
Faldar z
B -

The edit page provides form fields where the thumbnail graphic, title,
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summary, description, access and use constraints, tags, credits, and spatial
extent can be entered or modified. Next, you will add some information to the
Description box and save it.

19. In the Description box, type This map shows satellite imagery and
labels of the Himalayan mountain range.

Edit Dhoser plinn
H.I'L'é',m":::;':': S o2 (DT El' =

This map shows salelite imagery and labels of fhe Himalayan mountain range

20. Click the Save button. On the main navigation bar, click Content to return
to the content list. If you are continuing to exercise 5b, leave the browser
window open. Otherwise, you may close it now.

Himalayas » e

Chumrvinw

. e
L | A b!. mil s | Cipen in AreG S Desltop

Last Modified: Septenber 21, 2007 [
| Create Presantation

El Web Map
* Addta Favartes | Creste Web App v
g b L} Sharo
DE‘F\{‘. (K] |._.|? ion o Bt I
This map shows satellite imagery and labels of the Himalayan mauntain renge.
Details

G) kot viowa:d

La'-,fers Created: September 23, 2017
Srat 1 EH
Warld Imagery Shared with: The item is not shared.
Woild Imagery
Warld Boundaries and I'lages Owner
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ON YOUR OWN

On the main navigation bar, click Groups. Browse through some of the
content hosted by featured groups.

Groups

Featured Groups

. e @ .
e o e v -
L L ' -

:
ql

You have successfully created and edited an ArcGIS Online web map.
You can edit the information in your map at any time, and the information
will be updated in real time. This means that when it is shared with the public
or a group, everybody will be able to see your edits immediately. This is very
useful when working on a project with others in your community.

Exercise 5b
Merging online and local layers

ArcMap has the ability to load basemaps directly from ArcGIS Online. This
feature complements the online services available from Esri—the ArcGIS
platform now fully integrates all aspects of the web, allowing you to share
information and easily collaborate with others in your organization or
industry. GIS professionals can compile and publish rich, interactive maps
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and geographic information straight from ArcMap.
Note: This exercise requires you to be connected to the internet.

1. Start ArcMap. If you see a Getting Started dialog box, click My Templates
and double-click Blank Map. Or if ArcMap is already open, click the New
button to open a blank map.

2. On the menu bar, click File > Sign In.

File | Edit View Bookmarks Insert Selection Geoprecessing Customize Windows Help
[ MNew. CrieN b || =0 1=1—1=) :D.,i
E} Open... Ctrl+0 k’ n H ?&I 33,‘ @ _

& save Ctrl+5 -
Save s,

Save A Copy...

Share As [ 3
Add Data v

34 signin..

HU ArcGIS Online..

Page and Frint Setup...
CH o Print Preview...
“:’r:b‘ﬁ Print...

Export Map...

@ Analyze Map...
g

Map Document Properties...

3. On the ArcGIS Sign In dialog box, enter your public account user name
and password, and click Sign In.



(c) ketabton.com: The Digital Library

| BrellaSgn b *
Anc(alS Deckdinp wants tn acces yaur Arcisl S Onbine acoount nfarmeation

Arci5l% Degiop deweopend

Sign In esri

Usarnanms

nsbrRame

[p T

ELILLIL L] l:!“

m i Esn pubishes & set of ready-io-

usn miips and appes Thal am
availabla o part of AreGlS.
O# ArcililS v a mapging plaifom
hat saalees you 10 coadle
inlrselive reagst and appe In

Forgol passwond T Fongol usernamme?

S0 in witn | EMTERPREE ACOCHINT

SN in with n D

shiwe wilbin YR Cf Bllli.h:‘iﬂll
ar publicy.

| 130 me i sbommticatl

You can still access maps and data if you don’t sign in. You won't,
however, be able to load your own maps and data, access groups, or

share layers. For this exercise, we recommend that you sign in to your
account, but this is not absolutely necessary.

4. On the menu bar, click File > ArcGIS Online.

This opens the ArcGIS Online window. Featured maps are listed in a tile
view, each showing a thumbnail graphic, a short description, the publisher,
and the date it was published. (Your screen will be different from the graphic
shown.)
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5.
6.

———————————

Learch ArcGIS Online... f=B 1 Mapsond Dctn @ Grouss

Faatured Lty Mape and Data
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Environment Canada Weather Conditions

Currant weather conditiont for 200+ weathar
4 stations across Canada

L
iy, a’

Featuns Tenkos by menpish senca sy 2017-00-08 Deetails  Add
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Wich Wap by Esricy CA Details Cpen

Canadian Confederation: 1867 to Fresent

This map senvice depicts Canade's territonal
growth since Confederation in 1867,

Map Service by ESRiCanadabd  2077-05-09

Web bap by Heemirk T30  2016-04-07

2000 Federal Election Map

A web map showing elections results from the
2000 Canadian federal election.

Details Open

2015 Federal Eelection Map

A map showing the federal election
lboundaries and candidates for the 2015
Camnadian federal alection

el Map by Hesmink TSG - 2016-01-07

Detzils  Open

2011 Federal Election Map

Aweb map showing elections results from the
2011 Canadian federal election.

Web Map by Heemirk TS 2016-01-07

Detail: Open

In ArcMap, you can also click the Add Data arrow, and then click Add

Data from ArcGIS Online.

In the Search box, type Chicago Topo Map, and press Enter.

In the returned maps, locate the one titled Chicago Topo Map (a basemap

authored by Esri Atlas), and click the Details link.
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The City of Chicago, lllinois This map provides a detailed basemap for the City of Chicago

-3 .-_'-'!‘.i.. This map features a detailed basemap down m““'“ﬂ;ﬂﬂ'“ﬁ. P‘:"-‘.ﬁ..- vegetatlon, Hbl':ﬂ ﬁ‘!}. Iﬂ'llll:t'lauli‘ﬁ:
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e maps of ¢ caunties and countries in the World

Topographic Map.

Wb Mo by eA dbovervices A01E-02-11 Dataile  Cipen The map features data provided by the Oty of Chicago.

-l
-

Chicago Topo Map

B I ¢ | Tnis map features 3 topograph map for
k ."‘-L:PI""'}"E i Chicago, NMiros huih@h data prowded
hags r}{&.‘ﬁ through the Community Maps Program.

To the right is a description of the map that the publisher has provided.
Notice that this map, and others like it, is interactive, allowing the community
to rate it and leave comments. Through these shared user experiences, the
community can see which maps are the most useful. This process also leads
to improved maps and encourages publishers to update or publish new ones.

7. In the Description panel, click Open. If ArcMap asks you to save changes
to your untitled map, click No. If a message about improving drawing
performance with hardware acceleration appears, click Yes.

Only one basemap can be loaded at a time. You can, however, load as

many data layers as you want.
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This loads the Chicago Topo Map from ArcGIS Online into ArcMap.
Depending on the size of your ArcMap window, your map may look different
from the graphic shown. Also, depending on your internet connection speed,
your map may take a few moments to load.

8. Access the World_Topo_Map layer properties.
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Layer Properties b
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Notice the layer description and source credits, authored in ArcGIS
Online, are imported with the data. Map document properties are also
imported. To see these go to File > Map Document Properties.

ON YOUR OWN

Use the Scale Range to limit the visible range of the layer. This can be
useful in cases where the basemap needs to be visible only at certain
zoom ranges.

Adding data to overlay an ArcGIS Online basemap is the same as adding
data to any ArcMap map document. You will next add several layers to the
map to see how each one is displayed and then explore the different zoom
levels of the map.

9. Close the Layer Properties dialog box. On the Standard toolbar, click the
Add Data button. Browse to C:\EsriPress\GTKArcGIS\ChapterO5\Data,
and add Bike Routes.lyr.
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If your data is not saved to the default location, you will need to correct
the data source for the layer file. On the layer properties, click the Source

tab and click Set Data Source. Navigate to the bike_routes feature class
in \ChapterO5\Data\Chicago.gdb, click Add, and then click OK.

A line layer called Bike Routes is added to the map and displayed with
preset symbols for each route. These routes indicate what kind of road the
bike route shares, including recommended bike routes, existing bike lanes,
cycle tracks, and off-street trails.

10. On the Tools toolbar, click the Fixed Zoom Out button until the map scale

is approximately 1:450,000. If necessary, pan the map so the bike routes
line layer is centered in the view.
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As you zoom out, notice how the different zoom levels affect how the
map details look. This map and other maps in ArcGIS Online are loaded as
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tiles with multiple zoom levels at varying scales, also known as levels of
detail. These tiles are cached by the system to load quickly when the level of
detail is changed. The topographic layers that are drawn depend on the scale
and effectively cover views from the city level to the world level. The
basemap creators defined the map scales at which certain details are visible—
for example, small streets are visible at scales greater than 1:125,000, and
building footprints are visible at scales greater than 1:15,000.

The bike routes are not affected by the zoom, because no rules for
display based on map scale are set. Next, you will add another layer to the
map from ArcGIS Online.

11. On the menu bar, click File > ArcGIS Online. In the Search box, type
Chicago bike racks by ward, and press Enter. In the search results, a
layer package called Chicago Bike Racks By Ward is available for
download. (It should be the only result listed.) Click the Details link to see
a short description of it.

o DI'IiIr'IE

200 Feslured Py Maps and Data My Groups =
Search: Chicage Bike Radks By Ward 1 Resualts Chicago Bike Racks B_‘,I' Ward x|
ﬂ’llmm Bike Racks By Ward 3 -"'1" & Layer Packsge S
=i Bike racks in Chicago organized by ward. iie 5 Y R <

- il

difed JHT-08-23

| = Gl Dammo
| 3% 3 LRt

g i iy

e SR EL

Leyer Packsoe by misn  J0T7-IE-E0 Dietsds Add

Description | Progerties | Comments {3} _

Bik= rades in Chirago arganizsd by ward. This layer i used in Getting to
Enomwy Are=iS for Desktop £th Editicon and Sth Edifion.

12. In the ArcGIS Online window, click the Add button.

What you added was a layer package. Layer packages encapsulate the
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data, symbology, and other properties of the layer as authored in ArcMap in
one easy-to-share package. From the layer package, a point layer called Bike
Racks is added to the map. It displays all the bike racks that reside in the city,
symbolized by ward. This information could be useful for cyclists who want
to know where bike racks are located along their planned route. Next, you
will zoom in closer to see the details.

13. Click the Zoom In tool and draw a rectangle around the downtown portion
of Chicago, as indicated in the graphic.
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Depending on how close you zoomed in, your map scale may be
approximately 1:36,000. At this scale, it’s easier to see how the basemap,
bike racks layer, and bike routes layer come together.
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14. Finally, zoom in until the map scale is at least 1:5,000.
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This zoom level has the greatest amount of detail included in the Chicago
ArcGIS Online map. The building footprints show detail, and some are
individually labeled. You can even tell on which side of the street bike racks

are located.

15. Click File > Save As. Save the map document to your MyData folder for
chapter 5.

As long as you have an internet connection, the Chicago basemap and
the bike racks by ward will be recalled the next time you open the map
because the information is stored in ArcGIS Online.

16. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
exit the application.

ON YOUR OWN

Explore ArcGIS Online and find out how to create your own group. You
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can decide whether you want a public group, a nonmember public group,
or a private group. Your choice depends on the task you want to achieve
and the level of access to your information you want to provide. A public
group can accept member requests and is open to all who want to
participate. A nonmember public group shares content but doesn’t let
other users join or share. A private group is inaccessible to the public;
only the owner can invite people to join.

Once you have created your group, add some content to it by learning
how to create, manage, store, and share information on ArcGIS Online.
Then, invite your peers to the group, or accept membership requests, to
share content.

Exercise 5¢
Sharing a map package

The following short exercise explains how to upload a map package to
ArcGIS Online. You will publish the map you created in the previous
exercise.

1. Open the map you created in the previous exercise.
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As you recall, this map shows Chicago bike routes and bike rack

locations.

2. Sign in to your public ArcGIS Online account (File > Sign In).

3. From the File menu, click Share As > Map Package.

ﬂ Chicage Topo Map.mxd - ArcMap
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[ Mew. CirleN b - |1;3ﬁ,m .
g4 Open.. Cirl+0 k@ a4 o
EH sav= Ctrl=5 - - TR
Save As.. 2 L
» 1
1 Save A Capy. 3,: B
Share Az k | Ld Map Package... |
Add Data v | B Service.
HE  sign Out - mlaw .
HE  ancGls Online...
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A map package contains the map document (.mxd) and the data
referenced by the layers it contains in a portable file. Map packages can be
saved locally or uploaded on ArcGIS Online and shared in a work group or
organization.

The other share option, a map service, publishes the map document as a
service to ArcGIS Enterprise and makes it compatible with many web
applications. It can serve dynamic maps and layers as well as cached
basemaps.

4. Click the Analyze button.

If there are any issues that prevent map sharing, they will be reported at
the bottom of the ArcMap window. (If necessary, move the Map Package
window to view the Prepare panel.) Common issues are lack of a map
summary or tags, both of which are required for publishing. You can edit
map summary, tags, and descriptions in the Item Description tab.

5. Click the “Upload package to my ArcGIS Online account” option. Replace
the name with “Chicago Bike Routes and Racks”. Click the Share button.
Click Yes when you are prompted to save the map document.
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() Save package to file

CHeers'Mke\DocumentsiArccls\Wieh Maps|Chicago Topo Mz .-*l'

Indude Enterprise Geodatzbase data instead of referencing the data

About creating a map package

The packaging process begins. It may take several minutes.

6. When you see a message telling you the map has been successfully
created online, click OK.

Succeeded X

Successfully created map package enline.

Chicage Bike Routes and Racks

7. In your web browser, go to www.arcgis.com and log in. Go to your
Content and click on Chicago Bike Routes and Racks to see the map

description.
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The map exists as a downloadable package that can be shared with
others. If you belong to or own a group, you could share it with group
members, providing an easy conduit for collaboration. You could also share it
publicly, but we discourage doing so to prevent a great number of redundant
maps residing in the public space.

Chicago Bike Routes and Racks /e«

Charview

Thiz map fegtures 8 topogrephic mep for Chicege. linois built  # S-t
with dota provided through the Cemmunity Maps Frogram. Dowrload |
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Lot Modified; Sepiember 23,2017
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Created: Septernber 23, 2047

Slze: 1 M8

Eharnd with: The itern b not gheaod,

Access and Use Constraints £ e

Clwnar

ABOUT SHARING CONTENT

You are encouraged to share maps and applications if they are
useful to others and viewable in a web browser, mobile device, or
ArcGIS application. However, you should not share any geographic
information that is confidential, copyrighted, violates laws, or would
cause a security risk if someone gained access to it. When working
with an organization, you may find it appropriate to share some
content, but other content may be proprietary or business-sensitive
data and should not be shared with people outside the
organization. In addition, map creation and data collection are often
works in progress and are not necessarily complete or run through
final validation. However, once the content is finalized, feel free to
share the data with the ArcGIS Online community and the public.
For more information on best practices for sharing content, visit
ArcGIS Online Help,
http:/lhelp.arcgis.com/en/arcgisonline/help/index.html.
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Summary

By now, you should have a good understanding of the fundamentals of using
ArcGIS Online. You have learned how to register for ArcGIS Online,
navigate the online mapping interface, and explore vast collections of maps
and data available in the cloud. If you explored ArcGIS Online groups, you
know how maps can be shared with users both publicly and privately.

The best way to get comfortable with ArcGIS Online is to use it. Use
your free public account to search, view, and download data. Share your
maps with others via ArcGIS Online. You may consider, now or in the future,
getting a subscription account if you want to be able to use more
sophisticated GIS tools with web maps. Remember that ArcGIS is a large,
integrated system of Esri products—including ArcGIS Online—and a great
deal of information about ArcGIS is available online, including blogs,
newsletters, and product demonstrations. If you are interested in learning
more, go to the Esri website (http://www.esri.com) to learn about the
complementary aspects of the ArcGIS platform.

Terms

basemaps
groups
operational layers
mashup

layer package
map package
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Part 3

Displaying and presenting data
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Working with coordinate systems and
projections

Examining coordinate systems

Projecting data

Defining a map projection

Georeferencing a raster

Learning objectives

Become familiar with geographic coordinate systems and projected
coordinate systems

Explore the details of coordinate systems
Define a coordinate system

Identify projection parameters

Project data on the fly

Align datasets with different coordinate systems
Georeference a raster

Geographic information systems (GIS) depend on the proper use and
definition of coordinate systems and projections. Using the correct
coordinate system ensures geographic accuracy, whereas using an improper
coordinate system will result in unusable or error-prone maps. Learning about
coordinate systems and map projections can be challenging for beginners, but
practice and experience will provide a solid foundation for practical use in
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ArcGIS applications.

A coordinate system is a reference framework that uses points, lines, and
surfaces to determine positions in two- or three-dimensional space. In simpler
terms, it helps you to find your way around a map. Defining a coordinate
system is essential to every GIS mapping project, regardless of subject,
projection, or scale. All coordinate systems are based on coordinate pairs that
belong to a geographic grid, the location reference system for spatial features
on the earth’s surface. On a globe, locations on the earth’s surface are defined
in reference to lines of parallels and meridians, more commonly known as
latitude and longitude, respectively. Latitude lines run parallel to the equator
(at 0° latitude) and measure how far north or south you are from the equator.
Longitude lines run from pole to pole and measure how far east or west you
are from the prime meridian (the meridian of 0° longitude that passes through
Greenwich, England).

e |8

7 INS%.
7 N

Greenwich, England

Latitude = 51° 28’ north (of the equator)
Longitude = 07 0’ (prime meridian)

=

Lines of latitude and longitude. Data from Data and Maps for ArcGIS 2010, courtesy of
ArcWorld supplement and Esri.

Latitude and longitude are measurements of angles, not of distance.
Latitude is the angle between the equator and the parallel on which the point
you are locating lies, as measured from the center of the earth. Longitude is
the angle between the prime meridian and the meridian on which the point
you are locating lies, as measured from the center of the earth.
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Latitude = 407 0' 0" north (of the equator)
Longitude = 80° 0’ 0" east (of the prime meridian)

Angles are used instead of distance, because as meridians converge toward the poles, the
distance between them decreases. A degree of longitude is about 69 miles near the equator,
about 49 miles at the 45th parallel, and zero at the North Pole. In other words, distance varies
between meridians, and only the angle between them remains constant. Data from Data and
Maps for ArcGIS 2010, courtesy of ArcWorld supplement and Esri.

The earth is divided into 360° around the equator. Starting from the
prime meridian, longitude values go to 180° eastward and to —180° westward.
(The 180° and —180° meridians are the same.) Starting from the equator,
latitude values go to 90° at the North Pole and to —90° at the South Pole.

Because latitude and longitude are angles, their values are commonly
expressed in degrees-minutes-seconds (DMS) or sometimes as
decimal degrees (DD). One degree equals 60 minutes, and 1 minute
equals 60 seconds. For example, in DMS, Tokyo is located at 35° 41’ 6" N
(latitude) and 139° 45’ 5" E (longitude). In DD, those values would convert to
35.685° and 139.7513889°, respectively.

Latitude and longitude are the basis of a geographic coordinate
system, a system that defines locations on the curved surface of the earth.
Because different estimates have been made of the earth’s shape and size,
there are a number of different geographic coordinate systems in use.
Although these systems are similar, the precise latitude-longitude coordinates
assigned to locations vary from one system to the next.

Coordinate systems and projections are based on a defined spheroid and
datum. A spheroid (also known as an ellipsoid) is a mathematical model
that approximates the irregular shape of the earth using two axes. Because the
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earth bulges at the equator as a result of the earth’s rotation, the model uses a
major axis dissecting the equator and a minor axis dissecting the poles. The
relationship between the shape of the earth and the shape of a spheroid is
described using a datum, which essentially describes how a model fits into
reality.

Left: Some geographic coordinate systems are based on the assumption that the earth is a
sphere. Right: Most geographic coordinate systems are based on the assumption that the
earth is a spheroid (exaggerated). The spheroid is a more accurate model because the earth
bulges slightly at the equator and is flattened at the poles. Data from Data and Maps for
ArcGIS 2010, courtesy of ArcWorld supplement and Esti.

Hundreds of datums are in use, and each one uses different methods to
measure the earth. This poses a challenge to mapmakers, because each datum
measures and accounts for different features, such as flatness ratio,
circumference, or topographical differences. The goal of the datum is to
provide the optimal fit between the geoid, a measure of the earth’s radius,
and the chosen spheroid used for a map.

Some commonly used datums in North America include NAD27 (North
American Datum of 1927), WGS84 (World Geodetic System of 1984), and
NADB83. NAD?27 is based on the Clarke 1866 datum, a ground-measured
spheroid. Technological advancements and satellites are now used to
determine more precise spheroids and measurements. Many GIS data
providers and web map producers are moving toward WGS84 as a common
standard. However, a considerable amount of existing data uses NAD27 and
NADSS3. So, it is important to be aware of the potential difference in feature
positions between datums.
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A map projection is used to represent the earth on a flat surface. In
more technical terms, mathematical formulas are applied to a geographic
coordinate system defined by a spheroid and datum to convert latitude (north-
south orientation along the y-axis) and longitude (east-west orientation along
the x-axis) values to a plane surface representing a geographic grid. The
result is a two-dimensional (2D) surface that is composed of a grid of
intersecting lines. One set of lines runs parallel to a horizontal x-axis, and the
other set runs parallel to a vertical y-axis. The coordinates of any location or
point are expressed as a distance value along the x-axis (longitude) and a
distance value along the y-axis (latitude) from the intersection of the axes.
Therefore, longitude and latitude values are expressed as x and y,
respectively.

1800 W
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Left: A geographic grid with longitude values along the x-axis and latitude values along the y-
axis. Right: On a flat map, coordinate values can represent any kind of linear unit. Data from
Data and Maps for ArcGIS 2010, courtesy of ArcWorld supplement and Esri.
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A projected coordinate system is a system that defines locations on
a flat map based on x,y coordinates. The x,y coordinates of any given point
depend on the map projection, on the units of measure (meters, feet, or
whatever), and on which point the map is centered. If Cairo is made the
center of the map, for instance, its x,y coordinates would be 0,0. Thus, the
number of possible projected coordinate systems is infinite.

Keep in mind that not all data will be or must be projected, but it must
have a geographic coordinate system. To understand how certain map
projections work, you will also need to know how geometric objects are used
to construct a flat map. Imagine a piece of paper being shaped to fit against a
lighted globe in three configurations: a cylinder, a cone, and a flat plane (see
the graphic). A cylindrical projection is possible when a cylinder is used, a
conic projection when a cone is used, and an azimuthal projection when a flat
plane is used.
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Conic Azimuthal

Cylindrica

+ Blua dot represants point of tangency

Common geometric shapes used to construct a map projection. Data from Data and Maps for
ArcGIS 2010, courtesy of ArcWorld supplement and Esri.

The projections are possible when the geometric object makes contact
with the globe at a line of tangency or at two lines of tangency, also called a
secant. These lines of tangency are called standard parallels if they follow
a parallel or standard meridians if they follow a meridian. Depending on
the case of tangency and orientation of the geometric object, different
projections can be produced, including secant conic, polar azimuthal,
transverse cylindrical, and many more (see graphic). The distortion of each
projection varies, but as a general rule, a projection is the least distorted along
the tangent and grows more distorted leading away from it. Secant
projections allow for greater accuracy in measurements, particularly on large-
scale maps where both standard parallels run within the constraints of the
map. Secant projections, however, are not as suitable for small-scale maps.

Transverse Secant Polar
Cylindrical Conic Azimuthal

Variations of common geometric shapes create different map projections. Data from Data and
Maps for ArcGIS 2010, courtesy of ArcWorld supplement and Esri.

The transformation of the earth’s surface to a flat surface is inherently
not perfect and causes distortion to shape, area, distance, or direction,



(c) ketabton.com: The Digital Library

depending on the projection. To counter distortion, map projections can be
grouped into four types of preserved properties:

e Conformal projections, which preserve shape

e Equal-area projections, which display an area at its proper relative
size

e Equidistant projections, which preserve scale, and thus distance

e Azimuthal, or true-direction, projections, which maintain accurate
directions

Choosing the correct map projection is an important consideration. It
allows you to control the type of distortion in a map. In many cases, mapping
at a larger scale (such as 1:24,000) requires a different map projection than
mapping at a smaller scale (such as 1:1,000,000). For an area the size of a
small country such as Switzerland, for example, the use of an appropriate
projection will result in little to no distortion. For an area the size of a large
continent, or even the world, however, the use of a compromise or
specialized map projection can minimize distortion. In the end, distortion is
inevitable, but using good judgment and an appropriate map projection will
minimize distortion of your map.

The graphics shown here exhibit several examples of popular map
projections.

The Mercator projection is a cylindrical projection that preserves shape but distorts area. Any



(c) ketabton.com: The Digital Library

straight line drawn with this projection represents an actual compass bearing. Data from Data
and Maps for ArcGIS 2010, courtesy of ArcWorld supplement and Esri.

The World Winkel Tripel projection is used for world maps to minimize shape and area
distortion. It has been used by the National Geographic Society since 1998 for general and
thematic world maps. Data from Data and Maps for ArcGIS 2010, courtesy of ArcWorld
supplement and Esri.

The Goode-homolosine projection is a combination of the Mollweide and sinusoidal
projections. There is no distortion along the central meridians of the interrupted lobes where
areas are represented accurately. Data from Data and Maps for ArcGIS 2010, courtesy of
ArcWorld supplement and Esri.

World Bonne is an equal-area projection that has true scale along the central meridian and all
parallels. Shapes are distorted as you move away from these lines. Data from Data and Maps
for ArcGIS 2010, courtesy of ArcWorld supplement and Esri.
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For more information about coordinate systems and map projections,
consult ArcGIS Desktop Help. On the Contents tab, navigate to Map > Map
projections > What are map projections?

Projecting data in ArcMap

ArcMap is able to handle an infinite number of map projections—both
predefined and customized—to give you the most flexibility in working with
your datasets. Your data will be either unprojected or projected. Unprojected
data means that it is simply stored in a defined geographic coordinate system,
such as WGS84, with latitude and longitude coordinate values shown in
decimal degrees, or map units. You will find out how to look up the
coordinate system of a dataset in the exercises in this chapter.

Projected data means that a map projection has been applied to your
dataset. The definition of a projected coordinate system includes the
projection it is based on, the measurement units, and other details. Each
projected coordinate system is also associated with a particular geographic
coordinate system. Typically, the map units are converted from latitude-
longitude to x,y coordinates in meters or feet. Additional information that can
be found with a defined projection includes the central meridian, false
easting and false northing, standard parallel, and central parallel.

Common projections used in ArcMap are the state plane and universal
transverse Mercator (UTM) systems. The State Plane Coordinate System
(SPCS) divides each state into manageable regions for large-scale mapping
and bases it on three projections: Lambert conformal conic, transverse
Mercator, and oblique Mercator. The UTM system divides the world into 60
zones—each one is 6° and designated by a number and a letter N (northern
hemisphere) or a letter S (southern hemisphere). The UTM system works best
for maps that include small areas that are entirely encompassed by a zone. It
attempts to minimize distortion, is useful for mapping areas that extend in a
north-south direction, and provides a standardized method for projecting data.
Depending on the geographic location of your data, a suitable map projection
is most likely available in ArcMap.

You can locate the coordinate system of a dataset in ArcCatalog, on the
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Description tab (to view its metadata). You can also find it in ArcCatalog on
the feature Properties dialog box (right-click a feature class and click
Properties), on the XY Coordinate System tab. In ArcMap, you can find it on
the Layer Properties dialog box, on the Source tab. Alternatively, find
coordinate system information for a data frame in ArcMap by clicking the
Coordinate System tab on the Data Frame Properties dialog box.

Data Frame Properties X
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This data frame has an Albers equal-area conic projected coordinate system. The projected
coordinates were derived from its NAD83 geographic coordinate system.

The first layer added to a data frame in ArcMap sets a precedent for the
coordinate system used in that data frame, meaning that additional layers will
have to be projected to it. When the first layer is added, it is displayed
according to the coordinate values of its features—geographic or projected.
When a second layer is added, ArcMap reads its coordinate system and
determines whether it matches the coordinate system of the data frame, based
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on the first layer. If it matches, there’s no problem. If it doesn’t, ArcMap
attempts to automatically resolve the conflict with a map projection. Using a
mathematical operation that recalculates geographic coordinates to projected
coordinates, or vice versa, ArcMap determines which equation (forward or
backward) is suitable for the projection. So if the second layer you add has a
different coordinate system from the first, ArcMap recalculates the layer’s
coordinates to match the data frame. It is important to note that only the
display position of the data is being changed, and not the data itself. This
process is called on-the-fly projection.

On-the-fly projection doesn’t permanently alter the feature coordinates of
the dataset on disk or the dataset’s coordinate system information. On-the-fly
projection affects only a single data frame. It works best when layers are
based on the same geographic coordinate system. If any layer added to the
map has a different geographic coordinate system from the data frame, you
will get a message like the example in the graphic.

Gecgraphic Coordinate Systerns Warning >

The following data sources use a geographic coordinate system that is different from
the one used by the data frame you are adding the data into:

Diata Sauree Geagraphic Coardimate System
Cities GCS5_WGES_1984

Alignment and accuracy problems may arise unless there is a correct transformation
between geographic coordinate systems,

You can use this button to spedfy or modify the

T formations...
transformation(s) used by this data frame: oo

The Transformations dialog can also be accessed from the Data Frame Properties
dialog's Coordinate Systems tab after vou have added the data.

[ ]Don't warn me again in this sezsion

|:| Don't wearn me again ever

About the geographic coordinate
systems warning

ArcGIS warning for conflicting geographic coordinate systems.

The message tells you that ArcMap can’t convert one geographic
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coordinate system to another without additional parameters that you must set.
It can display the layer, but the spatial alignment may be slightly off. This
difference is usually too small to notice at the scale of a world map, or even a
continental map. But if you are making a map that demands highly accurate
feature positioning, you will need to perform a geographic transformation, or
a datum transformation.

Projecting data on the fly is very useful and is an essential part of
ArcMap. However, it may slow the redrawing of the map on screen because
of the complex projection equations that are required. It is also not
permanent, which may satisfy certain uses, but it can standardize and
simplify workflows to have data in the appropriate projection from the start.
ArcToolbox has all the tools required to project data from one coordinate
system to another, and then save on disk.

ArcToolbox 0O x
' = & Projections and Transformations -
- & Feature
5 Batch Project
Y oject
5 & Raster

#.. Convert Coordinate Notation

#.. Create Custom Geographic Transformation

#. Create Spatial Reference

Define Projection

7 &y Raster

5 & Relationship Classes -

o

Projections and Transformations tools in ArcToolbox.

Under the Data Management > Projections and Transformations toolset,
the Project tool allows you to transform the map projection of a dataset from
one coordinate system to another. It converts the x,y coordinates from one
layer to another using transformation instructions defined in the software.
This operation outputs a new layer, retaining the original dataset. You can
use the Project tool in both ArcCatalog and ArcMap. You will learn more
about how it works in the exercises in this chapter.

Lining Up Data in ArcGIS: A Guide to Map Projections, second edition,
by Margaret M. Maher (Redlands, CA: Esri Press 2013), is an excellent
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reference for any GIS user looking to learn techniques to solve data
misalignment, dive deeper into data projections, and create custom
projections to align data.

The Define Projection tool overwrites the coordinate system information
(map projection and datum) stored within a dataset. It should be used
only on datasets that have an unknown or incorrect coordinate system

defined. Also, you must know the correct coordinate system of the
dataset to successfully define a projection. This tool should not be
confused with the Project tool.

Data

This chapter uses the following datasets:

e Canada_Mexico.shp—polygons of areas that make up Canada and
Mexico (Source: ArcWorld Supplement)

e Cities.shp—points of cities across the United States (Source: US
Census)

e ColoradoCounties.shp—polygons of areas that consist of counties in
the state of Colorado (Source: Esri, derived from Tele Atlas, US
Census, Esri [Pop2010])

e Lakes.shp—polygons of lakes in North America (Source: ArcWorld)
e Latlong.shp—Ilines of latitude and longitude (Source: Esri)

e USstates.shp—polygons of areas that consist of states in the United
States (Sources: ArcUSA, US Census, Esri [Pop2010])

Exercise 6a
Examining coordinate systems
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US Census Bureau statistics are updated every decade. For this exercise,
create a map of the United States that shows the change in population per
square mile between 2000 and 2010. First, use ArcCatalog to explore where
the coordinate information is found and to gain some familiarity with the
properties of map projections.

1. Start ArcCatalog. In the Catalog tree, double-click Folder Connections
and browse to the contents of your
C:\EsriPress\GTKArcGIS\ChapterO6\Data folder.

2. Click USstates.lyr, and click the Preview tab.

If you don’t see the file extension, on the menu bar, click Customize >

ArcCatalog Options, and clear the Hide file extensions check box.
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The US states layer is symbolized using a color ramp that shows the
change in population (per square mile) in the last decade—light green for
smaller increases and dark green for larger increases. You may notice that the
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appearance of the United States is distorted; its shape and area may look
strange compared to other maps you may have seen in an atlas or in a
published map. This is because the data is being displayed according to its
geographic coordinate system and not a common US map projection such as
Lambert conformal conic. Notice that the northern boundary of the United
States, also known as the 49th parallel, is displayed as a straight line. Alaska
has an east-west stretch that is not proportional, and Texas looks much
smaller than its actual size.

3. Click the Preview arrow at the lower-left corner of the window, and click
Table. Scroll to the right.

| Contents | Preview | Description |

POP2000 | POP2010 POPOO_SCMI POP10_S0MI SQMI | POP_CHANGE ,
¥ 1211537 1308580 110.8 1198 | 10831 8.1
SE84121 6756150 827 g4.8 71207 14.6
502135 983932 B.1 67| 147038 9.1 3
| 127483 1338545 = 338 | 39555 5
G42200 662184 8.1 O.4 70693 3.1 .
| 754044 827263 9.8 107 [ 77115 9.6
493782 543154 3 56| o7313 11
S3IE3ETS ET41647 E3.7 5& E5g8x2 T
1203953 1581897 155 188 | 83570 223
508827 526078 533 §5.1 0614 28
4915479 5334772 58.7 81.4 8835 8.4
3421359 3BA5830 343 393 | 08381 13
1235786 1329915 1322 1422 9350 76
2920324 I0STI9s a2z S4.3 6272 4.5
5349057 | 6555736 §22.1 6423 10206 3.3
17112583 1822473 24 236 | 77352 55 o
i (] [ *
i = 14 A I (of 51)
Preview: lTabIe - ]

The table has 2000 and 2010 population figures for each state, including
population per square mile (POP00_SQMI and POP10_SQMI) and the
change in population per square mile (in percentages) represented by the
POP_CHANGE attribute. Every state experienced population growth during
the past decade. The layer is classified and symbolized based on the
POP_CHANGE attribute.

How was the POP CHANGE attribute calculated?
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(Hint: It involves two attributes and a simple math formula.)

Next, you will confirm that the US states shapefile has a geographic
coordinate system.

4. In the Catalog tree, right-click USstates.shp, and click Properties. On the
Shapefile Properties dialog box, click the XY Coordinate System tab.

Shapefile Properties 4

Gereral | BY Coordnate System  Fidlde  hdesee  Featurs Extent
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Datum: O_Morth_American_1983
Spheroid: GRS_ 1980
Semimajor Axis: 6373137.0
Semiminor Axs: 6356752.314140356
Inver== Flattening: 228. 257122101

]

The Shapefile Properties dialog box shows that the current coordinate
system is called GCS_North_American_1983. This is a common geographic
coordinate system for spatial data covering the United States and is used by
many data providers. The datum it uses is called D_North_American_1983
(NAD 1983), and the prime meridian is defined at 0° longitude. It is from this
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dialog box that the parameters of a coordinate system can be modified.
However, you will not be modifying this particular layer.

What are the angular units of this coordinate system?
What is listed as the prime meridian?

There are four other shapefiles related to this exercise in the Data folder:
Cities, Latlong, Canada_Mexico, and Lakes. The latter three shapefiles also
have a corresponding layer file that contains a symbolization scheme and a
path to the source data. You will view the properties of the first three layers.
(If you want, you could explore the fourth, but only the first three are
necessary to show the differences between them.)

5. Click Cancel to close the USstates Shapefile Properties dialog box. In the
Catalog tree, double-click Cities.shp to open its properties.
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The Shapefile Properties dialog box shows that this layer has a
geographic coordinate system called GCS_WGS_1984 (WGS 1984). It is
another popular geographic coordinate system that is in wide use. Since it is
different from the coordinate system of the US states layer, it may not align
exactly. ArcMap, however, is designed to make it work.

What spheroid does this layer use?

In exercise 6b, you will see how ArcMap reacts to these coordinate
system inconsistencies, and how to solve the problem.

6. Click Cancel to close the Cities Shapefile Properties dialog box. Open the
properties for Latlong.shp.
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The Shapefile Properties dialog box shows that this layer is in the
GCS_North_American_1983 coordinate system, like the US states layer. The
data should align properly with the US states layer without any coordinate
system transformation or projection on the fly.

7. Click Cancel to close the Latlong Shapefile Properties dialog box. In the
Catalog tree, click Canada_Mexico.shp, and preview its geography. Then
open its properties.
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In ArcCatalog, the coordinate system information can be viewed in the

data file properties but not in the related layer file (.lyr), if there is one.

Although a preview of Canada and Mexico can be seen, the Shapefile
Properties dialog box shows that this layer is not in any geographic
coordinate system and simply states that it is unknown. How is this possible?
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ArcCatalog still shows a preview of the actual data and reads the known
feature coordinate values, even though a geographic coordinate system is not
defined. If this file is added to ArcMap, it will be drawn, but it will not be
projected because its geographic coordinate system is unknown. You will fix
this situation in ArcCatalog.

In the Preview display, notice that the southern border of Canada has a
long straight line similar to the northern border of the US states layer.
Although it may not be the case in every situation, you have now been
provided with a hint that the Canada and Mexico shapefile shares the same
geographic coordinate system as the US states shapefile.

In many cases, trying to estimate the geographic coordinate system of a
dataset that has none is based on trial and error, using best estimates. If
the data is in the United States and shows a geographic extent in which
the coordinates to the left of the decimal point are six, seven, or eight
digits, the data is probably projected to the state plane or UTM

coordinate system. You can view the feature extents in ArcCatalog
(Shapefile Properties > Feature Extent tab) or in ArcMap (Layer
Properties > Source tab). It is also possible to import the coordinate
system of another feature layer that contains a defined state plane or
UTM boundary and apply it to your shapefile or feature class with an
unknown coordinate system to confirm whether it aligns properly.

8. On the Canada_Mexico Shapefile Properties dialog box, on the XY
Coordinate System tab, click the Add Coordinate System button &, and
click Import. Browse to \ChapterO6\Data, click USstates.shp, and click
Add.

The Canada_Mexico shapefile now assumes the coordinate system
information of the US states layer—GCS_North_American_1983. This
means that when the shapefile is added to ArcMap, it will be recognized and
will not have issues of alignment or need further geographic projection. If
needed, view its coordinate system information again in its Shapefile
Properties.
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9. Click OK to accept the change.

10. To close ArcCatalog, on the menu bar, click File > Exit.

It is common to find data in all sorts of coordinate systems and
projections, or even data that is missing coordinate system information
altogether. Learn more about how a shapefile or geodatabase stores
coordinate information. There are many good resources online, including the
ArcGIS Resources website at http://resources.arcgis.com.

Now that you have a better understanding of the data and coordinate
systems involved in this chapter, you are able to make proper decisions on
how to handle them in exercise 6b.
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You can also view feature class properties and coordinate system

information from the Catalog window in ArcMap.

EXxercise 6b
Projecting data

The map you create in this exercise consists of a shapefile of the United
States displayed in three data frames, with a different projected coordinate
system for each data frame (one for the mainland states, one for Alaska, and
one for Hawaii). The data frames will also include other supporting layers:
one that shows latitude and longitude lines and another that shows Canada
and Mexico to complete the look of the map.

How is it possible to use one dataset in three data frames? Once data
layers are added to ArcMap, they can be moved and copied between data
frames. As you learned in chapter 3, multiple layers (even in different data
frames) can be created from a single source dataset. This is more efficient
than adding separate data layers with separate projected coordinate systems to
the same map and is more practical than showing all 50 states in the same
data frame. If that were the case, there would be many files to manage, and
you would have to zoom to a map scale that would make it difficult to see the
detail of all the states together.

In this exercise, you will use three versions of the Albers equal-area
conic projection—one for each data frame. This is a popular projection of the
United States because it maintains area and keeps distortion of the shapes of
the states to a minimum.

1. Start ArcMap and open the ex06b map document from your
\GTKArcGIS\Chapter06 folder.

ArcMap opens a layout that has three empty data frames: Alaska,
Mainland States, and Hawaii. Each data frame is identified by a label at its
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center. An active data frame is indicated in the table of contents by a data
frame name in boldface and on the layout page by a dashed outline. A small
legend that shows the percentage increase of population change is visible in
the lower-right corner of the page.

You will add the US states layer to each data frame and learn how map
projections apply to each one. You will also learn how to add other
supporting layers.

2. Add USstates.lyr to the Mainland States data frame. (Use the Add Data
button on the Standard toolbar or drag the layer file from the Catalog
window.)
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When using the Catalog window, you may need to refresh the map

display after dragging over data. To do so, click the Refresh button & at
the lower-left corner of the display area.
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The US states layer is added to the Mainland States data frame. It is in
the GCS_North_American_1983 geographic coordinate system that you
previewed in ArcCatalog. By default, ArcMap includes the entire spatial
extent of the layer. Next, you will add a few more layers before projecting the
data and adjusting the map scale.

3. Add the Canada_Mexico.lyr to the Mainland States data frame, and
position it below the US states layer.
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In exercise 6a, you imported a coordinate system for
Canada_Mexico.shp. Because it is the same coordinate system as the US
states layer, there are no alignment or accuracy issues.

If you didn’t import a coordinate system for Canada_Mexico.shp, an
Unknown Spatial Reference dialog box will appear because there is no

coordinate system information. If this is the case, return to step 8 of
exercise 6a.
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The Canada and Mexico layer is styled in a light-gray fill color to act as
a subtle background to the thematic US states layer. Next, you will add two
more layers to the data frame.

4. Add Lakes.lyr to the Mainland States data frame. It should be placed
above all the layers in the table of contents. The Lakes layer, symbolized
using a white color, is used to add a visual aesthetic to the map.

5. Add Latlong.lyr, and drag it below all the other layers in the Mainland
States data frame in the table of contents.
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Because these two layers are also in the same coordinate system as the
US states layer, everything lines up as it should. The Latlong layer provides
reference for the geographic coordinates displayed on screen. It represents the
X,y coordinate system from —180° to 180° longitude and —90° to 90° latitude,
and the lines are perpendicular to each other at 90°. However, viewing the
world in this type of coordinate system shows significant distortion,
especially in shape and area.

Use the Measure tool to measure the distance between two
lines of latitude or two lines of longitude. What is the
difference in degrees?
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6. Add Cities.shp to the Mainland States data frame.

Geographic Coordinate Systerns Waming X

The following data sources use a geooraphic coordinate system that is different from
the ane used by the data frame you are adding the data ke

Data Source Geographic Coordnate System
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Aligrment and accuracy problems may arise unless there is a correct transformation
between geographic coordinate systems,

You can use this button to spedfy or madfy the :
transformation(s) us=d by this data frame: Transformations. ..

The Transformatons dalog can also be accessed from the Data Frame Propertes
dialog's Coordinate Systems tab after you have added the data.

[1Don't warn me again in this session
[CJDon't warn me again ever

About the cepgraphic coordinate
Systens warrirg

A warning appears when the layer is added. The message tells you that
this layer has a different geographic coordinate system from the data frame.
You previewed this layer in ArcCatalog and know that it is in the
GCS_WGS_1984 geographic coordinate system. When you added the US
states layer to the Mainland States data frame, the data frame was
automatically set to GCS_North_American_1983. Even though the Cities
layer has a different coordinate system, ArcMap can still display it, but the
spatial alignment may be slightly off. At this map scale, it may not even be
noticeable. However, it may cause further problems when it is projected.

If you don’t see this warning, it’s likely that you selected the “Don’t warn

me again ever” check box.

7. Read the messages in the warning dialog box, and then click Close.

8. In the table of contents, double-click Cities. On the Layer Properties
dialog box, click the Source tab and look at the Data Source panel.



(c) ketabton.com: The Digital Library

Layer Properties i

Goreral  S0UCE  Selection  Display  Symbolegy  Fields  Definbion Guery  Labele  Jons & Aelales Tme  HTMIL Popup

Extent
Top: 61,191900dd

Left: -157.E23435 dd Right: -71.085116 dd
Bottam: 21.305732dd

Diata Sourcs

Diata Tyoe: shapefle Featurs Clase "

Ehapefik: CriEsriPress\GTHANcG S\ Chapterl & \Data\Cities. shp

Geometry Type: Paint

Coordinates hawve Fualues: (%]

Coordinates have measuras: N

Geographic Coordinate System: G0 _WGS_1964

Detumn: D WES_1984

Frime Meridian: Greermich

&rgulsr Unit: Cegres= "
Set Data Sounce...

This is a quick verification that the Cities layer is in the
GCS_WGS_1984 geographic coordinate system. You will use an
ArcToolbox tool to transform it from its current coordinate system to the
same coordinate system as the US states layer, GCS_North_American_1983.

9. Click Cancel to close the Layer Properties dialog box.

10. On the Standard toolbar, click the ArcToolbox button [&l.

11. In the ArcToolbox window, expand the Data Management Tools >
Projections and Transformations toolset.
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12. Double-click the Project tool to open its dialog box.

13. Click the Input Dataset or Feature Class arrow, and click Cities. Click the
Browse button next to the Output Dataset or Feature Class box, and
browse to your \GTKArcGIS\ChapterO6\MyData folder. In the Name box,
type Cities_GCS_NAD1983.shp, and then click Save.

The Input Dataset or Feature Class list contains layers that can be

projected. Alternatively, the Browse button allows you to browse to the
data source.
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14. Click the Properties button E next to the Output Coordinate System box.
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On the Spatial Reference Properties dialog box, you can choose from
coordinate systems defined by ArcGIS, import a coordinate system from
another dataset, or create an entirely new one. (The latter two options are
found using the Add Coordinate System button.) You need to project the
Cities layer to GCS_North_American_1983.

15. In the browse panel, expand the Geographic Coordinate Systems > North
America folder, and then scroll down and click NAD 1983. Click OK.

You can also choose the coordinate system from your Favorites list.
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The Current coordinate system panel on the Spatial Reference Properties
dialog box is updated with the new coordinate system details.

16. Click OK to close the Spatial Reference Properties dialog box.
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ArcMap automatically populates the Project dialog box with an
appropriate transformation using the coordinate system you selected.
However, you might need to use your knowledge of the data (for example,
are you focusing on the 48 contiguous states?) to choose an appropriate
transformation code. The geographic transformation option, in this case,
provides ArcMap with the correct transformation to convert WGS84 to
NADS83.

The Geographic Transformation box is optional. The Project tool can
project data from PCS to PCS (for example, state plane to UTM),
transform GCS to GCS (NAD83 to NAD27), or PCS to GCS, and vice

versa. In the event you are projecting data from PCS to PCS, and they
share the same datum, you are not transforming the data and therefore
do not need a transformation code.

17. Click OK.

The Project tool runs, and when it is finished, a pop-up notification
briefly appears in the notification area, at the far right of the taskbar,
indicating the process was successful.
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ArcMap adds the transformed Cities layer to the map. It may not look
much different, but it is in a new coordinate system. It is important to
remember that the new Cities layer now shares the same coordinate system as
the other layers, and changing the coordinate system of the data frame will
not yield the warning messages you saw before.
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18. Close ArcToolbox or move it out of the way. In the table of contents, right-
click Cities (not Cities_ GCS_NAD1983), and click Remove.

This layer is not needed anymore because you now have a cities layer
with the appropriate coordinate system to use. Next, you will change the
coordinate system of the data frame to project layers on the fly.

19. In the table of contents, double-click the Mainland States data frame. On
the Coordinate System tab, expand the Projected Coordinate Systems >
Continental > North America folder.
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A variety of North American map projections are listed.

20. Scroll down and click USA Contiguous Albers Equal Area Conic, and then
click OK.
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The coordinate system of the data frame is now changed, and all the
layers are projected on the fly to the USA Contiguous Albers Equal Area
Conic projection. The lines of latitude and longitude exhibit a curvature
similar to the shape of a cone. The overall shape of the US states layer has
changed and may look more familiar to you.

Which lines of latitude are defined as standard parallels for
this projection? (Hint: View the data frame properties.)

21. On the menu bar, click Bookmarks > Mainland States.
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The map scale is changed to 1:20,000,000, and the layers are centered in
the data frame. From here, you will begin the process of copying the data
layers to the Hawaii and Alaska data frames.

22. In the table of contents, hold down Ctrl and click the
Cities._ GCS_NAD1983 layer, U.S. States layer, and the Canada_Mexico
layer to select them. Right-click any selected layer, and click Copy. While
still in the table of contents, right-click the Alaska data frame, and click
Paste Layer(s).

23. In the Alaska data frame layer list, hold down Ctrl and click
Canada_Mexico to remove it from the selected layers. Then, right-click
either of the two selected layers, and click Copy. Finally, right-click the
Hawalii data frame, and click Paste Layer(s) to move the
Cities_ GCS_NAD1983 and U.S. States layers to the Hawaii data frame.
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All three data frames now have content in them. The Alaska and Hawaii
data frames have the data displayed in the GCS_North_American_1983
geographic coordinate system. Next, you will give these data frames map
projections that are specifically designed for these areas of the United States.

24. In the table of contents, double-click the Hawaii data frame. On the
Coordinate System tab, expand the Projected Coordinate Systems >
Continental > North America folder, click Hawaii Albers Equal Area Conic,
and then click OK. A Geographic Coordinate system warning may appear
here—dismiss it and continue the exercise.
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The layers are projected on the fly. The mainland states look as if they
are rotated. This projection minimizes distortion, specifically for Hawaii. The
Canada_Mexico layer was not included in this data frame because you
wouldn’t be able to see it once the map scale and position of the data frame
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are adjusted.

25. Activate the Hawaii data frame (right-click it in the table of contents, and
then click Activate). On the menu bar, click Bookmarks > Hawaii.

T

o United States Population, 2000 to 2010

26. Repeat the same steps to project the Alaska data frame to Alaska Albers
Equal Area Conic. Activate the Alaska data frame, and zoom to Alaska
using the bookmark.

I __'I_ N W

L —T | L

United States Pd-mﬁon, 2000 to 2010
(per square miie}
Y

Each of the three data frames has a variation of the Albers Equal Area
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projected coordinate system. Data frame properties can be adjusted at any
time. It is also possible to work on individual data frames in Data View
mode. To change the map display, simply activate a data frame.

ON YOUR OWN

Examine other projected coordinate systems that could be applied to the
Mainland States data frame. Change the map projection, and see how it
affects the four map properties: shape, area, distance, and direction.

27. If you want to save your work, rename your map document and save to
your MyData folder for chapter 6.

28. If you are continuing to exercise 6c, leave ArcMap open. Otherwise, exit
the application and click No if prompted to save your changes.

Exercise 6¢
Defining a map projection

Gathering data from various sources can turn into a large task very quickly. It
is even more challenging when you realize some of the data does not include
the proper coordinate system information. For shapefiles, this information is
stored in a separate projection file with the extension .prj. For geodatabases,
coordinate system information is stored as a spatial reference, which is set as
a property of a stand-alone feature class or of a feature dataset.

ArcMap reads feature coordinate values when a layer is added. When the
coordinate system information is missing, it attempts to display the layer
based on these x,y coordinate values. If the x-values have a range of —180 to
180 and the y-values have a range of —90 to 90, it can be assumed that the
layer is in a geographic coordinate system.

Unfortunately, ArcMap won’t know which one, so you will have to
assign one. If you cannot determine the correct coordinate system by
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researching the metadata or questioning the data source, you will have to
make an educated guess, and then compare the results with another dataset to
see if it aligns properly. Alternatively, if the x,y coordinates are six-, seven-,
or eight-digit numbers, the layer could be in a projected coordinate system,
but again, the software can’t determine which one. This leads ArcMap to
display a warning message like the one in the graphic.

i. Unknown Spatizl Reference @

The following data sources you added are missing spatial reference
information. This data can be drawnin ArcMap, but carnot be projected:

CaleradoCounties

[ Don't wam me again in this sasaion

[ Don't wam ma again ever

ArcMap can display the layer, but it cannot project its coordinate system.
This means the layer will be displayed incorrectly, and its units will be
unknown. As is usually the case when you use trial and error, the results are
unpredictable. If a layer is added to a data frame set to a projected coordinate
system, the layer may be displayed, but it may be seriously misaligned with
the data that is in the correct location on the map. Other times, misalignment
may be only minimal, a result that might be acceptable depending on the
accuracy required.

In ArcToolbox, the tool used to assign coordinate system information to
a dataset is called Define Projection. This tool overwrites any existing
coordinate system information (map projection and datum) that is stored and
should be used only if the coordinate system information is unknown or
incorrect.

The most important point is, you must know the correct coordinate
system of the dataset before using this tool. To find the missing coordinate
system information, you often have to contact the data provider and look
through the metadata and supporting documentation.
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1. Start ArcMap. Open the ex06¢c map document from your
C:\EsriPress\GTKArcGIS\Chapter06 folder.

The map is open in layout view. There are two data frames, each in a
projected coordinate system: state plane and universal transverse Mercator
(UTM). The State Plane data frame is active. Both frames include a U.S.
states layer, zoomed to the state of Colorado. Notice the slight difference in
curvature of the state boundaries. The left data frame is projected to the
Colorado North State Plane Coordinate System, and the right data frame is
projected to the UTM Zone 13 Coordinate System.

D e06e.mud - Archiap = | 5 |
File Edit View Ecokmarks Incen  Selection  Gepprocessing Cusiomize  ‘Windows Help
Ogd& B = o - | 16500000 -l EEE R e
o ! [ ‘e
R R I B Lk @ Al W g
W0 SE N R R B R e e - R S
Tabic OF Contonis nox | |5 119 |=5 |;.'{: |E£ = m
8 S aE | E =
= = = State Plane Coordinate System UTM Conmins e Sy siem g
o @ 5. states = Colomde Central Zone 13
B
= UIm
5 W U5 slates :-_n_'.u
= (im
= 1
:.I'.|
;EI[BI: oo 1l "

The State Plane Coordinate System (SPCS) was developed in the 1930s
by the US Coast and Geodetic Survey of the National Oceanic and
Atmospheric Administration to provide a conformal mapping system for the
country. It is commonly used for county and statewide surveying and data
applications. It is not recommended, however, for use across state lines. To
maintain accuracy and minimize distortion, larger states have multiple zones.
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The UTM divides the earth into 60 zones, each 6° of longitude wide.
There is almost no distortion at the center of each zone and gradually
increasing distortion outward from the center. UTM grid coordinates are
expressed as a distance in meters east of the central meridian, known as
“easting,” with an assigned value of 500,000 meters, and a distance in meters
north of the equator, known as “northing,” with an assigned northing value of
0 meters.

ON YOUR OWN

Explore more about the differences and uses of the state plane and UTM
coordinate systems.

2. Add ColoradoCounties.shp from your \GTKArcGIS\ChapterO6\Data folder
to the State Plane data frame.

R

The following data sources you added are missing spatial reference
information. This data can be drawn in ArcMap, but cannot be projected:

ColoradoCounties a

4 I

[] Dont wam me again in this session

[] Dont wam me again ever

ArcMap displays a warning that the layer is missing spatial reference
information.

If you don’t see the warning, you may have dismissed these types of
warnings in a prior ArcMap session. To reset the default behavior of

coordinate system warnings, close ArcMap and browse to C:\Program
Files\ArcGIS\Desktop10.3\Utilities. Run the
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AdvancedArcMapSettings.exe file. On the ArcMap Advanced Settings
Utility dialog box, click the TOC/Data tab and make sure the “Skip datum

check” check box is cleared.

3. Click OK to close the warning message.

You may notice quickly that something is wrong: ArcMap added the
layer (you can see it in the table of contents), but it is not visible in the State
Plane data frame. Because the Colorado counties layer did not have defined
coordinate system information, ArcMap does not know where to properly

place it.

4. Right-click the Colorado counties layer, and click Zoom To Layer. On the
Tools toolbar, click the Fixed Zoom Out button several times until you can

see surrounding states.

State Plane Coordinabe Sysiem UTM Coordinate System
Colorado Central Fone 13

What are the spatial extent values of the Colorado counties
layer? (Hint: View the Source tab on the layer properties

dialog box.)

Since ArcMap had no information to use, it drew the Colorado counties
layer using a projection with latitude and longitude coordinates as if they
were X,y coordinates in the state plane coordinate system. As a result, the
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layer is being placed in California, which is obviously incorrect. In a situation
like this, it is up to you to find the appropriate coordinate system information.
For this exercise, you are given the information that the coordinate system of
Colorado counties is Albers equal-area conic. Next, you will define the
correct coordinate system information for the Colorado counties layer using
ArcToolbox.

5. On the Standard toolbar, click the ArcToolbox button.

6. In the ArcToolbox window, expand the Data Management Tools >
Projections and Transformations toolset. Double-click the Define
Projection tool.

ArcToolbox o x
= & Projections and Transformations -
ﬁ Feature
& & Raster
‘% Convert Coordinate Notation
ﬂ Create Custom Geographic Transformation
#, Create Spatial Reference
B8 cine Poecion
& & Raster
& Relationship Classes
& & Subtypes
& Table -

i)

7. Click the Input Dataset or Feature Class arrow, and click Colorado
counties.

The Define Projection tool differs from the (Feature) Project tool used in
exercise 6b. The Project tool projects spatial data from one coordinate
system to another. The Define Projection tool overwrites the coordinate
system information (map projection and datum) stored with a dataset and

should be used only for datasets that have an unknown or incorrectly
defined coordinate system. If this tool is used on data that already has a
defined coordinate system, you will be warned that running the tool will
change the coordinate system.
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The coordinate system is listed as unknown. So next, you will browse for
the coordinate system information to apply to the layer.

8. Click the Properties button next to the Coordinate System box.

9. In the Spatial Reference Properties dialog box, expand the Projected
Coordinate Systems > Continental > North America folder. Scroll to and
click USA Contiguous Albers Equal Area Conic.

rzSplill S T T q

XY Coordinate System | 7 Coordinate System

?H'.i - Type hera to search - Q) £ ! E:Eg v 5o
Qr Morth America Equidistant Conic -
@ Morth America Lambert Conformal Conic
(3 Panhandle Energy Albers
@ US National Atlas Equal Area
@
IE‘;B USA Contiguous Albers Equal Area Conic USGS ;
3 USA Contiguous Equidistant Conic =
@ USA Contiguous Lambert Conformal Conic
() WG51984 Canada Atlas LCC

P Casdlh Ammnmas

Current coordinate system:

UsA_Contiguous_Albers_Equal_Area_Conic -
WKID: 102003 Authority: ESRI g

m

Projection: Albers
False_Easting: 0.0
False_Morthing: 0.0
Central_Meridian: -956.0
Standard_Parallel_1: 29.5
Standard_Parallel_2: 45.5
Latitude_Of Origin: 37.5
Linear Uinit: Meter (1.0) -

The Current coordinate system panel is updated. Notice that the
geographic coordinate system used is GCS_North_American_1983. (You
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may have to scroll down to see it.) This is the same system as in the State
Plane data frame.

Current coordinate system:
Linear Uinit: Meter (1.0) i

Geographic Coordinate System: GCS_Morth_American_1983
Angular Uinit: Degree (0.0174532925199433)
Prirme Meridian: Greenwich (0.0)
Datum: D_MNorth_American_1983
Spheroid: GRS_1980
Semimajor Axis: 6378137.0
Semiminor Axis: 6356752.314140356
Inverse Flattening: 298.257222101 —

m

10. Click OK.
S— e
[rout Datas=t or Feahue Oass ) e
|I:l:|lnrad-:|C-:".|nr.i=i- :I [Fj]
Coordinate System -
Lsa_Contiguous_Albers Eguel_Area_Conic [Q-"_J
:- o -: : St : rEnurunrrlu'rI:...] : Showy Help =3 -:

This coordinate system information will be saved to a projection file
(.prj) associated with the Colorado counties shapefile.

11. Click OK to run the Define Projection tool.
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Table Of Contents 2 x
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= =% State Flane

[=WCEY ColoradoCounties
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= [#] US. states

|

3 & UTM
= .5, states
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While the Define Projection tool is running, ArcMap locks the layer so it
cannot be accidentally modified or moved. A notification indicates the
process was successful. ArcMap projects the Colorado counties layer to the
Colorado North State Plane Coordinate System projection. The State Plane
data frame is updated, and the Colorado counties layer disappears from the
map display.

If you still see ColoradoCounties being drawn in California, click the

small Refresh button at the bottom of the display area.
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State Plane Coomdinate System UTM Coordinate Systemn
Colerado Central Zone 13

- |

A

R,

=,

12. On the menu bar, click Bookmarks > Colorado State.

State Plane Coondinate System UTH Coordinabe 5ysism
Colorado Cantral Fona 13

The counties are now aligned with the U.S. states layer.

13. In the table of contents, drag the Colorado counties layer to the UTM data
frame, above the U.S. states layer.
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The Colorado counties layer is copied to the UTM data frame and is
projected to UTM Zone 13. This is possible because the projected UTM
coordinate system is also based on the GCS_North_American_1983
geographic coordinate system.

How does mapping at different map scales using SPCS and
UTM coordinate systems affect the overall distortion and
accuracy of your map?

14. If you want to save your work, give it a new name and save to your
MyData folder for chapter 6.

15. If you are continuing to exercise 6d, leave ArcMap open. Otherwise, exit
the application and click No if prompted to save your changes.

Exercise 6d
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Georeferencing a raster

Georeferencing is a GIS task frequently performed on scanned paper maps
(raster maps) to align them to a known coordinate system. After a map is
georeferenced, it can be used for further data creation (digitizing features) or
simply used as another GIS raster layer (commonly as a base layer).

Before using ArcMap georeferencing tools, you must first check the map
for available metadata including information about the coordinate system or
projection and lines of longitude and latitude. Second, you must identify
several usable ground control points on the coordinate grid that can be used
to calculate x,y coordinates based on the map projection. The information
you find will help provide every pixel in the scanned image a geographical
dimension. For example, ArcMap can assign a pixel that has an x,y
coordinate of 543, 237, the real-world coordinates of 12° 27" E and 41° 54°
N.

1. Open a new blank map in ArcMap. Open the Catalog window and
navigate to the C:\EsriPress\GTKArcGIS\ChapterO6\Data folder. Right-
click ritidian_point.jpg, and click Item Description.

The Item Description dialog box opens.

2. Click the Preview tab. Use the navigation tools to explore the map.
(ArcMap may prompt you to create pyramids. Create the pyramids and
continue.)
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Ttern Description - ritidian_point =]
| Descripion | Previen |
Froview: | Goography 2| RE S Q.| @ g
I.I.llﬂ"- e Rri- WTITH L

451

PN P T——— e o

Using pyramids can speed up the display of raster data by retrieving only

the data at a specified resolution that is required for the display.

An image of a scanned topographic map of Ritidian Point, Guam, is
shown in the Preview tab. As it sits, the raster does not have any geospatial
information. If it was imported into ArcMap, it would simply have a
Cartesian plane coordinate system applied based on the pixel dimension of
the image. To use such an image in a GIS, you must first georeference it.

You will want to assign the Ritidian Point image the correct projection
system that it represents, and thus change the coordinate system to represent
this projection. This involves (1) specifying the image’s coordinate system in
Catalog, (2) specifying the coordinate system for the image by digitizing
specific control points, and (3) rectifying or “stretching” the scanned image to
fit the new projection.

3. Zoom in to view the text at the bottom-left corner of the map.
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Itern Description - ritin"ian_puint

Description| Preview |

Preview: | Geography

32°30"
144°48*
Produced by the United States Geological Survey
in cooperation with the National Imagery and Mapping Agency
Topography compiled 1967. Planimetry derived from ima
taken 2059 and other sources. Survey control current as nﬁ?ﬁs
Boundaries current as of 2001
Selecied hydrographic data compiled from NOS/NOAA chart 4196 (1967)
This information is not intended for navigalional purposes
North American Datum of 1983 (NAD 83)/World Geodetic System of 1984
Prolacﬁun and 1 000-meter grid: Universal Transverse Mercator, zone 55
2 meter ticks: Guam Coordinate System of 1983
There may be private inholdings within the boundaries of
the National or State reservations shown on this map {
Houses of worship, schoaols, and other labeled buildings verified 1968

| 57 500 METERS

| m. |

E-‘- | 1 . m- .

In the fourth paragraph, information is given about the map’s coordinate
system and projection. It is important to know this information before
georeferencing the image. Also, scroll to the right to see the map’s scale and

other information.
What coordinate system and projection is the map in?

4. Close the Item Description window. On the Catalog window, right-click
ritidian_point.jpg, and click Properties.

5. On the Raster Dataset Properties dialog box, locate the Spatial Reference
property and click the corresponding Edit button.
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Right 3970.5 1

Bottom -4999,5

El  Spatial Reference <Undefined> Edit.
Linear Linit

Angular Unit

B Band 1 Statistics have not been calculated.
Build Parameters
Min
Mz
Mean
Std dev.
Classes
Band_2 Statistics have not been caloulated,
¥ Band_3 Statistics have not been calculated.
= Geodata Transform View... | _

m

[ oK ][ Cancel | Apply

6. On the Spatial Reference Properties dialog box, expand Projected
Coordinate Systems > UTM > WGS 1984 > Northern Hemisphere, and
click WGS 1984 UTM Zone 55N.
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XY Coordinate System |

Wi v | Typehere tosearch v @ | &~ st

€ WG51984 UTM Zone 51N -
€ WG51984 UTM Zone 52N
€) WGS51984 UTM Zone 53N
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€ WGS1984 UTM Zone 59N
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Current coordinate system:

WGS_1984_UTM_Zone_55N =
WKID: 32655 Authority: EPSG -
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Projection: Transverse_Mercator
False_Easting: 500000.0
False_Northing: 0.0
Cenfral_Meridian: 147.0
Scale_Factor: 0,99%6
Latitude_Of_Origin: 0.0

Linear Unit: Meter (1.0}

Lo J[ cance |

7. Click OK to close the Spatial Reference Properties dialog box.
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Top 0.5
Left 0.5
Right 3970.5
Bottom -4999,5
= Spatial Reference WGS_1984_UTM_Zone_55N Edit.. |
Linear Unit Meter (1.000000)
Angular Unit Degree (0.0174532925199433)
False_Easting 500000 -
False_Morthing 0
Central_Meridian 147
Scale_Factor 0.9996 A
Latitude_Of Origin 0 3
Datum D_WGS_1984
= Statistics Options ~
E Band 1 Statistics have not been calculated. | 5
Build Parameters
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| oK | Cancel || Aoply

l

The Spatial Reference property is updated with the chosen projected
coordinate system information. Now that ArcGIS knows what projection the
image is in, the next step is to georeference the image.

8. Click OK to close the Raster Dataset Properties dialog box.

9. From the Catalog window, drag ritidian_point.jpg to the data view. (Click

Yes if prompted to create pyramids.)

10. On the main menu bar, click Customize > Toolbars > Georeferencing.

Georelerencing

e e s R T 7
Georeferencing | tidian_point jng R A REBR
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The Georeferencing toolbar has a collection of drop-down items and
interactive tools to allow you to georeference raster datasets. To georeference
your raster, you will identify a series of ground control points—known X,y
coordinates—that link locations on the raster with locations in the spatially
referenced data. Ground control points are locations that can be accurately
identified on the raster dataset and in real-world coordinates. Once several
control points have been identified, ArcMap will calculate—using a
polynomial transformation—and shift the raster dataset from its existing
location to the spatially correct location.

11. On the Georeferencing toolbar, click the Viewer button 2, and click the
View Link Table button 2. Resize both windows so that you can still see
the main map.

& R NN e

Link: X Sowree: ¥ Somnce ey ¥ hisoy

¥ s Akt T — 11 e Poymomal {aliine)

12. Using the graphic as a reference, use the Image Viewer and zoom into
the intersection of the grid lines indicated by label 1. (The labels are just
for reference and don’t appear on the actual raster.) On the
Georeferencing toolbar, click the Add Control Points button < .
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13. Using either the Image Viewer or the Data View of the main ArcMap
window, click the intersection of the grid lines once to add the ground
control point, and immediately click again in the same position. (If you
moved the cursor to another position, right-click and click Cancel Point,

and try again.)
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The second click links the ground control point to the real-world
coordinate. Notice in the Link window that the first link has been created and
that the X and Y Source values are the same (or very close to the same) as X
and Y Map values. This happens because ArcMap does not yet know the
real-world coordinates indicated on the map. You will change the X and Y
Map values using information from the raster.

14. On the Image Viewer, follow the grid line and pan to the bottom boundary
of the map. Note the grid line value listed. Pan back to the control point,
and then pan to the left boundary of the map. Note the grid line value
listed.



(c) ketabton.com: The Digital Library

:::1--}.‘:_'??@

ol

i — — — - e — S —— |

The bottom boundary grid line value is listed as 265—in UTM units, this
means it is 265,000 meters. The left boundary grid line value is listed as 1500
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—or 1,500,000 meters.

15. On the Link window, select the first link, click X Map, and replace the
existing value with 265000. Click Y Map and enter 1500000.

EEEENTTTT 0 x
[ - Total RMS Error: Formerd:0
Link X Source ¥ Source X Map ¥ Map Residisl_x
Fl] 1 1263,567752  -3357.340467  255000.000000 1500000, 000000 0
PP N, | b
|¥] uto Adist Lransformation: Lst Order Polyromial {Affine)
|| Degres=s Minutes S=conds Forward Residuzl Uit : Lnknonn

Don’t worry if your X Source and Y Source values don’t match the

graphics exactly—slight discrepancies are the result of human input and
are to be expected.

The first link has been completed. The main map will disappear from the
data view—this is normal. At any time, click Full Extent on the Tools toolbar
to see the raster. While adding more control points, the map will look
stretched as it transforms to the new coordinate information.

When you use the Pan or Zoom tools in the Image Viewer, you will have

to again click the Add Control Points tool from the Georeferencing
toolbar before creating another control point.

16. Create three more links using the graphic in step 11 as a reference. The
X and Y Map values you will enter are as follows:
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e Control point 2 (265000, 1511000)
e Control point 3 (271000, 1511000)
e Control point 4 (271000, 1500000)

Link Ox

B e Total RIS Erar: Farwerd: 2,051 15
Link X Bource ' Souroe X Map Y Map Resicual _x Resdual_y Residuzl

Fil 1 1253.587752 -M5T HMEB4eT  255000.000000  1500000.000000 -1,.750249 114573 2059154

z 2 1253.864325 -527.433252 255000.0000300  1511D00.000000 1.79825 -1. 14435 1.0885

o 3 3074071238 -511. 125384 271000.000300 1511000000000 -1.75808 L 14287 2.08037

W 9 3031.570154 -5839. 673865 271000.000000 1500000000000 175102 -1, 1962 2.05281
[+] Autm Adiust Trarsfarmation: st Ordar Polynomiel {Affire) -

Degrees Mirutes Secorvds Forward Residual Unit @ Unknown

Once the links are created, a measure of the error—the residual error—
will be calculated and displayed. The error is the difference between where
the source point ended up as opposed to the actual location that was
specified. All residual errors closer to zero are considered more accurate.
Although an RMS (root mean square) of nearly zero is achievable, this does
not mean that the raster will be perfectly georeferenced. If you notice
significant error in a link, remove it and place the control point again. This
can be tedious but can lead to a more accurately georeferenced image. In a
practical application, it is best to choose more control points that are evenly
distributed around the raster.

17. On the Georeferencing toolbar, click the drop-down menu and click
Rectify. On the Save As dialog box, choose the Output Location as
\GTKArcGIS\ChapterO6\MyData. Then change the Name to
georef_ritidianpt.
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Save As 23
el Size: 3,218734
MoData as: 258
R=sample Type: [N:ar:st Meighbor {for discoreis data) -
Quiput Location: i EariPress (AR CGIS |Chapterds T
Mame: georef_ritidiarpt Farmat: TIFF -
Compression Type:  MONE - {:1:_1an?;sgm Quality 75

18. Click Save. Close the georeferencing windows. Notice the new raster in
your MyData folder.

Rectifying will create a new raster dataset that is georeferenced using the
map coordinates and the spatial reference. You are not required to
permanently transform your raster dataset to display it with other spatial data;
however, you should do so if you plan to use it in other projects, perform
analysis, or share with others who use different software packages.

19. If you want to save your work, give it a new name and save to your
MyData folder for chapter 6.

20. If you are continuing to the next chapter, keep ArcMap open. Otherwise,
exit the application and click No if prompted to save your changes.

Summary

In this chapter, you learned some of the fundamentals of projections and
coordinate systems. You should have a good understanding of how latitude
and longitude form the basis of a geographic coordinate system and how this
affects locations on the curved surface of the earth. Similarly, you should
have learned that map projections represent the earth on a two-dimensional,
flat surface. Every map projection introduces some level of distortion to
shape, area, direction, or distance.

It is important to know that a spheroid is a mathematical model that
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approximates the irregular shape of the earth. A datum is used to provide an
optimal fit between the geoid and the chosen spheroid used for a map.
Projected coordinate systems such as state plane and UTM are widely used in
the United States. Each system provides projections that are used for local
and state-level mapping.

You have learned how to use ArcMap and ArcCatalog to explore and
manage the coordinate system information about data. ArcMap can hold
multiple data frames, and data can be moved between them. The data is
projected on the fly: the dataset’s coordinates are recalculated, and the
display position of the data is changed to match the data frame’s coordinate
system.

Geoprocessing tools can be used to project data permanently, as well as
to define a projection for GIS data that may have unknown coordinate system
information.

You also learned how to georeference a raster using information
available on the raster to link ground control points to real-world coordinates.
There are many practical uses for georeferencing. Sometimes aerial
photography and satellite imagery are missing spatial information; thus,
georeferencing the raster to a coordinate system will allow you to align other
layers to it.

Review the learning objectives of this chapter and see if you are
comfortable working with projections and coordinate systems in ArcGIS. If
not, review some sections of this chapter as a reminder. In the beginning,
working with projections that are unfamiliar to you may be a matter of trial
and error. That’s OK—it’s often the best way to learn. Just be sure to make a
copy of any original data as you experiment and learn.

Terms

coordinate systems

latitude and longitude
degrees-minutes-seconds
decimal degrees

geographic coordinate system
spheroid
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datum

geoid

map projection
projected coordinate system
standard parallels
standard meridians
map units

false easting

false northing
on-the-fly projection
datum transformation
georeferencing
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Symbolizing features

Creating custom symbology

Symbolizing features by categorical attributes
Using styles and creating layer files
Symbolizing rasters

Learning objectives

e Change the default ArcMap symbology for points, lines, and polygons
e Reorder layers to influence effects of drawing order

e Symbolize features using the same symbol for each feature

e Change the full-extent specifications of a map

e Symbolize features based on descriptive attributes

e Create a definition query to limit the features being displayed

e Select symbols from a predefined style

e Create layer files

e Choose a new color scheme for a raster layer

e Use layer transparency effectively
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Symbolizing features means assigning colors, markers, sizes, widths, angles,
patterns, transparency, and other properties that will make them recognizable
on a map. Symbols often look like the objects they represent—for example, a
lake polygon that is blue and fire hydrants that are marked by icons that look
like fire hydrants. Sometimes the relationship is less straightforward. On a
street map, varying line thicknesses may be used to show whether a street is a
local road, an arterial, or a highway without implying that the widths on the
map are proportional to the widths of the actual streets. Symbology may also
be purely conventional. Cities, for example, are commonly symbolized as
circles, even though city boundaries are seldom round.

By varying symbol properties, you convey information about features.

Left: Fill patterns and colors differentiate perennlal lakes, intermittent lakes, and salt pans.
Center: Line thickness, color, and solidity show a hiking trail and main, secondary, and utility
roads. Right: Unique icons mark major and minor cities.

Symbology is also influenced by scale. A city may be a point symbol on
one map and a polygon on another.

Scale 1:200,000 Scale 1:10,000

Left: Sacramento, California, represented as a circle to indicate its location. Right:
Sacramento represented as a polygon to indicate its boundaries. Data from Data and Maps
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for ArcGIS 2010, courtesy of ArcWorld, ArcUSA, US Census, Esri (Pop2010 field), and the
City of Sacramento, CA.

ArcGIS has thousands of symbols for common map features. Symbols
are organized in the Symbol Selector by style (Environmental,
Transportation, Weather, and so on) to make it easy to find the ones you
need. You can also create your own symbols.

When you add spatial data to ArcMap as a layer, all features in the layer
have the same symbology. Points are displayed with small circles, for
instance, and polygons are blocks of color in the shape of the objects they
represent. Line features are displayed using thin, simple lines. The colors for
points, lines, and polygons are randomly chosen.

To change the default symbology, you use information from a chosen
field in the layer attribute table.

1 B Temrectrial Ecosystemns

/

I Madagascar dry deciduous forects
i [ Madagascar ericoid thickets
; -1; 5 ! [ Madagascar lowland forests

| L
’ i f 1 | 4 I Madz gascar mangroves
( l"\ ,'.; Vo l,’f 1“.. #—'5'-./] / 1 Madagascar spiny thickets
"v‘ o -'lr"' I..' Y s L _J’I [ Mada gascar subhumid forests
i __ﬂ..--‘l - B [ Mada gase ar succulent woodlands

Left: Terrestrial ecoregions in Madagascar. By default, all features (polygons, in this case)
have the same symbology. Right: Each feature has a different fill color indicating its
ECO_NAME attribute value. Courtesy of World Wildlife Fund (WWF). Olson, D. M. E. et al.
2001. “Terrestrial Ecoregions of the World: A New Map of Life on Earth.” BioScience 51:933—
938.

You can save a layer’s symbology by making a layer file (.lyr). Then,
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when you add that layer file to a map, the features are already symbolized the
way you want them.

Symbolizing raster layers is similar to symbolizing feature layers but
with fewer options. The only property that can be controlled is the color of
the cells that make up the raster.

In this chapter, you will create the symbols for a Florida tourism map,
and in chapter 9, you will create the labels. The completed map will look like
the map shown here.

The Florida tourism map that you'll complete including symbols, labels, and styles. Data
courtesy of the Florida Geographic Data Library, the Office of Coast Survey’s Automated
Wreck and Obstruction Information System, FWC-FWRI, NOAA, US Census Bureau, USGS,
Florida Department of Transportation, Florida Department of Environmental Protection, and
Natural Earth.

Data

The data used in the following exercises includes ten feature classes (stored
in the Florida geodatabase) and three raster datasets, as follows:
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e Bathymetry—Iine features that represent changes in ocean depth
(Sources: Florida Fish and Wildlife Conservation Commission’s Fish
and Wildlife Research Institute and National Oceanic and Atmospheric
Administration)

e (Cities—major cities of Florida (Source: National Atlas of the United
States, US Geological Survey)

e Coral—polygons representing coral populations off the coast of Florida
(Source: Florida Fish and Wildlife Conservation Commission’s Fish
and Wildlife Research Institute)

e Counties—polygons representing Florida county boundaries (Source:
US Census Bureau)

e Hwyl—a single line feature depicting a major state highway that
traverses the Atlantic coastline and Florida Keys (Source: Florida
Department of Transportation)

e Lakes—polygons representing Florida’s major lakes (Source: Florida
Department of Environmental Protection)

e Rivers—Iine features representing Florida’s major rivers (Source:
Florida Department of Environmental Protection)

e Shipwrecks—a selection of historical shipwrecks along the southern
Atlantic coast of Florida and the Florida Keys (Source: National
Oceanic and Atmospheric Administration Office of Coast Survey’s
Automated Wreck and Obstruction Information System)

e Southeast—a polygon layer that includes demographics (Source:
ArcUSA, US Census, Esri)

e StParks—polygons representing Florida state parks (Source: Florida
Department of Environmental Protection)

o florida_coast—a raster image of seafloor topography (Source: Natural
Earth)

e shdrl—a hillshade raster showing continuous elevation values (Source:
University of Florida GeoPlan Center)

e usgsdem—a digital elevation model raster for the southern portion of
Florida (Source: US Geological Survey)
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Exercise 7a
Creating custom symbology

For this exercise, you are a graphic designer creating a marketing product for
the Florida Commission on Tourism. Your map, highlighting the southern
Atlantic coast of Florida as well as the Florida Keys, will be printed in a
brochure for prospective coastal tourists and scuba divers.

To symbolize, it is best to have your ArcMap window maximized if

possible.

1. Start ArcMap and open the ex07a map document from your
C:\EsriPress\GTKArcGIS\Chapter07 folder.

tngan Grap g © Vindews  Help
CRAES - TR 0o 1Re Rl BREED
AANO NN e H- U NS/ HZAELTBD

o w

foes o
= & pen
@ @ Mo oam s

e @ n - - n

At this point, the map includes only a raster dataset representing the
ocean floor terrain along the Florida coast.

2. Click the Add Data button [#]-], and add all of the datasets stored in
Florida.gdb to the \EsriPress\GTKArcGIS\ChapterO7\Data folder. (Use the
Shift key to select all feature classes.)
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el @ E S a9

Mame: Bathymetry; Cities; Coral; Counties; Hwy 1; Lakes; Rivers; l Add I
o of e [Datasets, Layers and Aisults ] [ cancd |

Your map will look a little different from the graphic, because ArcMap
randomly assigns symbol colors when data is added to a map.

[g]nlu |

You’ve got some work to do to make your map look presentable.

3. In the ArcMap table of contents, click anywhere in the white area to clear
the selected layers.

Next, you will change some layer names for clarity.
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4. Recall what you learned in earlier chapters, and rename the following
layers:

e Shipwrecks to Historical Shipwrecks
e Hwy 1to U.S. Route 1

e Rivers to Major Rivers

e [akes to Major Lakes

e StParks to State Parks

o florida_coast.tif to Ocean Background

Remember, you are not renaming the source data files but only the map
layer names as they exist in the current map document.

Tt Cotr " x
EEELE
= = Layers
= Cities
L]

= Historical Shipwrecks

-
[=] Bathymetry

=] LLS. Routel

= hajor Rivers

= [ Coral
E

= [ Counties
m

= [\ Major Lakes

E [ Southeast
E

= [ State Parks

E
- o "

5. Clear the Cities and Historical Shipwrecks check boxes to turn the layers
off. You will come back to these layers later.

6. Click the line symbol under Bathymetry to open the Symbol Selector.
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Bathymetry lines indicate changes in ocean depth, like the elevation lines
on a topographical map.

EE=] Loyers)
2 O Cities
L
= [0 Histencal Shipwrecks
L

= ¢ Bathymetry

=] IE—@S Route 1

= Majer Rivers

= [ Coral

7. In the Symbol Selector, click the Color arrow. In the color palette, click
Sugilite Sky, and then click OK.

Pausing your mouse pointer over the color chips will reveal the color
names.

Type here to s=ardh - "Er' g, EE »  Current Symbol
Search: @ All Styles 1) Referenced Styles
ESHI *
R — —— E
H High R
ighieiay ighmay Ramp  Expressiay Colar:
Width: | Mo Celar
ONOEDENERRNE S
Ewpressway  Major Rosd  Arterial Street g § fegmpcy § N =
Ramp A O mEEC e LS ]
vefe.. HENECOEEEENEEN
FEEEENEEEEEER
Colector Strest Residential Rairoad EEEEEEEEEEER
Street EREEEEEEENEE
EEECDDEEEENEN
S = s AEEERENNEEEEEN
EEEEEEEEEEERN
River Boundary, Baundsry,
Mational State Maore Colors...
Style Remeremes T
- Lo | [ conea |
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The new color is fine, but you may notice that the bathymetry lines
somewhat obscure the coast boundaries. To remedy this, you will change the
default drawing order.

8. In the table of contents, drag Bathymetry below State Parks.

You can reorder layers only when the table of contents is in the default
List By Drawing Order view.

Although lines are typically placed on top of polygons, why
does it make sense to put bathymetry lines below polygons?

Here is a shortcut for performing simple color changes.

9. Right-click the symbol for the Major Rivers layer to open the color palette.
In the palette, click Oxide Blue.

You want the same color for lakes, but because lakes are polygon
features, there are two color options—one for the outline and one for the fill.
For more complex symbology such as this, you can’t use the shortcut method
you just used for Major Rivers.
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10. Click the symbol below Major Lakes to open the Symbol Selector. For Fill
Color, click the color chip, and then click Oxide Blue. For Outline Color,
click No Color. Click OK to apply the color scheme.

You can’t see lakes because the lake features are obscured by another
polygon layer. As you work on your map, a more logical layering order
becomes obvious. You want lakes to be the same color as rivers, and you also

= &= layers
o O £ities
L
0 [ Hetoral Shipmrsck:

= B Major Rivess
"

@A n Cninr |
LI L
EE'OREED0DEEEEER
[fEEE  PEEEEEN
Ed'EEEEEEEEEER
[EEEEEEEEEEEN
A EEEEEEEEEEN
E*IIE;.JI__d'.JIEI
GE-H | § §slmisg 4§ ([ § § |
Cllll‘ll-‘lll.&---—
A EEEEEE N R

L
SR L Mol Codait,,

= F Qeccan backgreund

want them close together in the table of contents.

11. Drag Major Lakes just below Major Rivers. Then drag State Parks above
Counties.

Current Symbal

Fil Gl E

Cutine Widihe 090 ﬁ:
Cubine Color: | ].

Enit Symbal. .,

| sveds.. || Reset |

Next, you will modify the width of a line layer.
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Table Of Contents B x
EEELE
= & layers
= O Cities
L J
= [ Historical Shipwrecks
*
= B US Routel

= M Major Rivers

= B Major Lakes
=

= B Coral

O
> v X
I |

= B Counties

=
= Bl Southeast

1
= B Bathymetry

# B Ocean Background

12. Open the Symbol Selector for U.S. Route 1. For Color, choose Mars Red.
For Width, highlight 1.00 and replace it with 1.5. Click OK to apply the
changes.

Current Symbal
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13. Turn on Historical Shipwrecks.

The wrecks are located on the southern Atlantic coast and throughout the
Florida Keys. This will be the focus of your map.

14. In the table of contents, right-click Historical Shipwrecks, and click Zoom
To Layer.
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You will save this extent as the full extent of your map. That means
whenever you click the Full Extent button, you will be brought back to this
view.

15. Right-click Layers (the data frame name), and then click Properties. Click
the Data Frame tab. In the Extent Used By Full Extent Command frame,
click Other.
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Featue Cache | Annotation Groups | Extent Indicators | Freme | Size and Posilion
| Geneml Data Fame | Coordinate Sysiem |  Muminston | Grids
Extent
Automatc - |

Extent Liked By Ful Extent Command

(") Extent of data In al layers (Default)
(@) Cther:
spadfy Extent. ..

Cip Options

| o Clipping -

| Exdude Layers. .. | Eorder:

w
[ clp Grids and Graticules
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Lok ] [wcancet| [ 00w |

16. Click Specify Extent. On the Full Extent dialog box, click the Current

Visible Extent option, and then click OK. Click OK again to complete the
task.
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@) Current Visble Extent
) outline of Features
Laver: Features:
E’P‘ Cities d IAII -
Cutline of Selected Graphic(s)
) Custom Extent [V]Degrees
Top: | 27.662879571 dd |
Left; 54, 752267253 dd Feight; | -F7.388206731dd |
Bktarn; | 24312573491 dd |
| o [ canel |

An alternative for opening the data frame properties is to go to the menu

bar and click View > Data Frame Properties. Or double-click the data
frame name.

17. Finally, change the data frame name from Layers to South Florida
Recreation.

Notice that the data frame title is in boldface in the table of contents to
show that it is active.
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18. To save your work, rename your map document and save to your MyData
folder for chapter 7.

19. If you are continuing to the next exercise, keep ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

Exercise 7b
Symbolizing features by categorical
attributes

In exercise 7a, all rivers had the same marker symbol, and all state parks were
drawn in the same color. You can make the symbology of a feature class
more informative by assigning a different symbol to each unique value in an
attribute field or to ranges of values. For example, you might symbolize a
polygon layer of countries according to their names. Each feature would have
a unique color, because every country has a different name. You might also
symbolize countries by their political systems. Features with the same system
would have the same color: republics might be blue, constitutional
monarchies purple, and communist states red.
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Attributes that are names or descriptions are called categorical attributes
(or qualitative or descriptive attributes). They are usually text but may be
numbers if the numbers are codes standing for descriptions or if they are
ranges of numbers that compose a category, such as population ranges (rather
than a specific population count). Attributes that are measurements or counts
of features are called quantitative attributes. Using the previous example, a
country’s population is a count, and its area in square kilometers is a
measurement.

In this exercise, you will symbolize features by categorical attributes.
You will symbolize by quantitative attributes in chapter 8.

In some cases, you will want to limit the number of features displayed on
the map without editing the source data. To do this, you would create a
definition query, which you will also do in this exercise.

1. In ArcMap, open the ex07b map document from your Chapter07 folder.
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This map resembles the one you created in exercise 7a.
In this exercise, you want to make the symbology for State Parks more
helpful. It would be nice if map readers could quickly determine whether a
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fee is required to visit the park.

2. In the table of contents, right-click State Parks, and click Open Attribute
Table. Scroll to the right, and examine the Public_Acc (public access)

field.
E- -
Stzte Parke
DIETRICT COUNTY PUBLIC_ACC JURISHCTI ZONES DIVISION | OV HER
[ 3 2 | LENTY DPEN-FEE REQURED ORP 3| LEASE ETIMF
4 | HILLSBOROUZ | OPEN-FEE REQURED ZRF W LEASE FDOT
| 5 !n'!AH:'I'IH CPENND FEEEED@EQ ORP E I_._E_.l:l_.S_E____ ETIMF Bt
3 [POLK | OFEN-HO FEE REQURED | ORF W LEAGEINTERIM W3 | ETITF/SFAID
o 5 MPH_F!_DE CPEN-FEE REQU RED ORP E L_ERSE ETI[!F
1 |ESCANMBIA DPEN-FEE REQURED ORP ;| LEASE ETIMF
4 | HERNANDD CPEN-FEE REQU RED ORP W LEASE SWFWED
5 I'.'IKEE_I:HI'_'IEEE DPEPJ-_I‘_'IE__FEE RECIUIRED ORP E LEE%E ETI_I'I'F
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There are two public access categories: Open—Fee Required and Open—
No Fee Required. You will choose a different symbol for each one so the
categories can be easily discerned on the map.

3. Close the table, and open the layer properties of State Parks. Click the
Symbology tab.

4. Under Show, click Categories. Unigue values is selected by default.

Show:

Features
Categories

Quantities
Charts
Multiple Altributes

4 I

=

5. In the Value Field list, click PUBLIC_ACC.
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Value Feld

PUBLIC_ACC hd

6. Click Add All Values. Clear the <all other values> check box.

Draw categonss uaing unkgue values of one field Impaost..
¥olus Field Codar Ramp
PUBLLC_ACC ~ | SRR -
| Byrbal  Vahue Label Count
— ] <all other valuse> <all othar valuse > 0
«<Heading> PUBLIC_ACC 165
OPEM-FEEREQUIRED  OPEWFEE REQUIRED 126 .
JPEM-M FEE REQUIRED OFEN-MC FEE REQUIRED 39 1‘]
4
. | A Al Vakes | | AddVaues | Feore || Revoved || Advonesd -

You may want to focus on certain features in a layer and
deemphasize or ignore others. The Add Values button (next to Add
All Values) lets you select specific attribute values and assign
symbology to features that have these values. Other features are
assigned a single symbol—the one designated for <all other
values>. If the <all other values> check box is cleared, these
features are not displayed.

7. Double-click the symbol to the left of OPEN-FEE REQUIRED. In the
Symbol Selector, you see default Esri symbol styles. Click Sun in the first
row of color chips. Set the outline color to No Color, and click OK to close
the Symbol Selector.
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Type here to search - |E ﬁi‘_ EE = Current Symbal
Search: @) all styles 7 Referenced Styles
ESRI -
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Fill Color:
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Edit Symbol. .,
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Green Jad= Elie
[ Style References... ]

8. Double-click the symbol next to OPEN-NO FEE REQUIRED. Click the
Green color chip from the Esri style choices, set the outline color to No
Color, and click OK to close the Symbol Selector. Click OK to apply the
new color scheme.
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9. In the table of contents, click PUBLIC_ACC twice slowly to make it
editable. Rename the label Public Access.

B State Parks

Public Access

OPEN-FEE REQUIRED
B OPEN-NO FEE REQUIRED

Now you know how to give features different symbols based on
categorical attribute values. Next, you will limit the number of symbols used

in the Cities layer.

ON YOUR OWN
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Explore the other polygon symbols in the default Esri symbol styles: for
example, give Major Lakes the symbol for Swamp or Glacier. Use either
the Symbology tab on the Layer Properties dialog box or just click the
symbol in the table of contents to open the Symbol Selector. When you
are done experimenting, change the symbol back to Oxide Blue fill, no
outline.

10. Turn on Cities.

The city symbols clutter the map. Because this map is a marketing tool
for tourism, you want to display only the cities that are large enough to
accommodate visitors and recreation enthusiasts. You will create a definition
query to limit the display of cities to only those with a population of 100,000
or greater. This affects only the features shown on this map; it will not
permanently delete features from the dataset. With a definition query, you
can limit the display based on any attribute, whether categorical (such as
population range) or quantitative (such as population).

11. Open the properties of the Cities layer, and click the Definition Query tab.
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| Gereral | Source | Selection | Display | Symbology | Fields | Defintion Guery | Labels [ Joins & Relates | Time | HTML Fopup |
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12. Click Query Builder.

13. In the upper portion of the Query Builder dialog box, double-click
POP_RANGE to add it to the query expression box.
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14. Click the equals sign (=), click Get Unique Values, and double-click

m

OBJECTID -
CITIESX020 |
FEATURE
HAME
_PGIP RAMGE -

= (ke |

(4na ]
o]
L) (o (ne] |

[ | Gt Unigue Vakues | Go To:
SELECT " FROM Citice WHERE:
FOr_RANGC

G ] [ Voty | [ ob | [[ioai | [[Sme=

100,000 - 249,999'. Then click the Or button.

15. Again double-click POP_RANGE, click the equals sign, and double-click
‘250,000 - 499,999'. Click the Or button. Then double-click POP_RANGE,
click the equals sign, and double-click ‘500,000 - 999,999'. (There are no
cities over 1 million.) Your query should match the graphic.
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16. Click OK and then OK again to close the Query Builder and Layer
Properties dialog boxes.

If any part of the expression is missing, you will see an error message. If

this happens, go back to the Definition Query tab to ensure the
expression is correct.

The number of cities has been dramatically reduced.
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Alternatively, you could have created this simpler query: POP_2000 =
100,000. You were given a more complex approach to show how to base
your display on categories, as opposed to quantitative attributes.

17. Change the symbol for Cities. Use the Esri style Circle 3, and change the
size to 10. Click OK to close the Symbol Selector.
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18. In the table of contents, right-click Cities and click Label Features.

This is a fast way to label features, but you need to make sure the
labeling field is set to the correct attribute on the Layer Properties dialog box,
on the Labels tab. ArcMap will choose a default field, but it may not always
be the one you want. In this case, the default choice was correct. In chapter 9,

you will modify label properties to maximize readability.
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19. Finally, rename the Cities layer Cities Pop 100,000+.

20. To save your work, rename your map document, and save to your
MyData folder for chapter 7.

21. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
exit the application, and click No if asked to save your changes.

= = South Florida Recreation
BJ . ] Cities Pop 100,000+
L ]

= B Historical Shipwrecks
e
= M U.S Routel

In exercise 7c, you will learn how to use other symbology styles and save
your symbology to layer files.



(c) ketabton.com: The Digital Library

Exercise 7c
Using styles and creating layer files

In exercises 7a and 7b, you modified colors, sizes, and outlines of point, line,
and polygon symbols. You also picked predefined symbols and colors from
the default options provided in the Symbol Selector—these symbols and
colors belong to the Esri style library. A style is a collection of predefined
symbols, colors, and other map elements such as labels, north arrows, scale
bars, and borders. ArcGIS has more than 20 style libraries, and you can make
new ones that contain often used symbols from other styles or custom
symbols you create.

Conservation Public Signs Hazmat

©) @ (] = B ok *
[nternational Spiral L Spiral 2 Telechane pazil Cachier EMT 1 EMT 2 BMT 3
= £ & £ O 2 ES ke
Artifacts Grasses Recreation 1 Firgt Aid LestFoud  Baggsge Lodesr Fire Aue FreHat  Fire Hydrant 1
Eaggmps
¥ [ [ @ i &
Inf;un}fn Tamada Hhvakir Mer Whiicny FreHydrant2 Fre Hydrant 3 Fire Hydrant 4
@ - * o o
Zong Area Env Law Wlldfioweer Fire Resoue 1 Fire Rescue 2 Fire Aesaue 3

Tailets Tolets, All  Information, 7

Left to right. Some symbols used in the Esri Conservation, Public Signs, and Hazmat style
libraries.

For information on creating and modifying styles, consult ArcGIS

Desktop Help. On the Contents tab, navigate to Map > Symbols and
styles > A quick tour of symbols and styles.

Having invested time in symbolizing a layer, you may want to save it as
a layer file (a file with a .lyr extension). Layer files store symbology
information for a specific spatial dataset—they do not contain the actual data.
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In this exercise, you will use a shipwreck symbol from the Esri Civic
style library to represent historical shipwrecks on the Atlantic coast of Florida
and the Florida Keys. Then you will save the symbology to a layer file.

The ships on this map all went down from 1942 to 1944, during World
War II. They represent only a sample of the numerous wrecks in these waters.
Mapping the location of wrecks is important to navigation, historical studies,
and marine recreation. Shipwreck diving is part of Florida’s tourism
economy.

1. In ArcMap, open the ex07c map document from your ChapterQ7 folder.
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You see a South Florida map with the same symbology updates you
made in exercises 7a and 7b.

2. In the table of contents, click the point symbol below Historical
Shipwrecks to open the Symbol Selector. If you scroll through the list of
symbols, you will find there is nothing that looks like a shipwreck.
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3. At the lower right of the dialog box, click Style References to display the

list of styles.

Style References

3D Basic
| 3D Billboards
" |3D Buildings
3D Industrial
3D Residertial
"|3D Strest Fumiture
713D Trees
3D Vehicles
"] ArcGIS_Explarer
| AreScene Basic
| Business
"|C2 Miltary Operations
7|C2 UEI Air Track

m

€2 UEI Ground Track Equipment
€2 UEI Ground Track Installations
|2 UEI Ground Track Units
| |C2 UEI Sea Surface Track -

[ Set as Default List

J

| Add Styleto List... |

| Create New Style... |

l

OK

Cancel |

J |

When a style is loaded, it has a check mark next to it. By default, only
your personal style library and the Esri style library are loaded. (Your
personal style library is empty unless you have added symbols to it.)

There are many styles collected in style libraries that are intended for
specific types of maps. If you know you are looking for a specific symbol but
aren’t sure where to find it, you can search for it.

4. Click Cancel to close the Style References dialog box. In the Symbol
Selector, in the search box, type wreck and press Enter.
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Symbol Selector
wreck v| Q @ 29 v  Current Symbol
Search: (®) All Styles () Referenced Styles
C2 Military Operations A ¢
Wreck Wreck Wreck
Dangerous F DangerousH  Dangerous N Color; . hd
Size: 400 =
+H+ +H+ -
Wreck Wreck Wreck Angle: 0.00 =
Dangerous U  Mon-danger... MNon-danger... -
R El:its‘ﬂ'l'bduu
+H+
Save As... Reset
Wreck Wreck
MNon-danger... MNon-danger...
CADD GI5 Center 5D5 200
- S &>
maring_wre... mariné_wre... marine_wre...
NONHAZ SUNKEN  SUNKEN_HA... Style References...
. W | 0K | Cancel
ON YOUR OWN

To see all the symbols in a style library, select the style on the Style
References dialog box to load the complete set to the Symbol Selector.

5. Scroll down to the Civic style library, and then click the second Wreck
symbol. Click OK to implement the change.
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the bottom of the V formed by the mast and the ship body, as shown in
the graphic.

0

If you wanted to reuse the symbolized layer in other map documents—or
send it to a colleague—you would create a layer file. Layer files allow you to
store symbology information—the colors, shapes, and sizes you choose for
features—so you never have to re-create it. Just as a person can wear many
different outfits, a spatial dataset can have many different layer files.

6. In the table of contents, right-click Historical Shipwrecks, and click Save
As Layer File.

7. On the Save Layer dialog box, browse to your
\GTKArcGIS\ChapterO7\MyData folder. Accept the default file name of

Historical Shipwrecks.lyr, and click Save.

Save Layer @
Look in: [Emmam v] LM B Ee Bl G
MName Type
MName: Historical Shipwredks.lyr
Save as type: [Layer files (*.Iyr) v] [ Cancel ]

Layer files can be given unique names—they don’t have to share the
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same name as their source data.

8. Repeat step 7 to save the State Parks symbology to a layer file. Use the

default name and save to your MyData folder for chapter 7.

The Historical Shipwrecks and State Parks layer files can now be added
to any map. Because they reference their source feature classes (Shipwrecks
and StParks), the feature classes must also be accessible on disk or across a
network. If you send a layer file to someone else, you must also send the data

source that it references.

ON YOUR OWN

Can you figure out how to symbolize the bathymetry layer using

graduated colors based on depth measurements in meters? Shallower
waters should be light blue, and deeper waters, dark blue. Your results
will resemble the graphic. If you succeed, you are ahead of the game—

symbolizing features based on quantitative attributes is the focus of

chapter 8. (Hint: Use the Layer Properties dialog box, not the Symbol
Selector. You will have to change the sample size to 25,000 [Classify >

Sampling].)
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ON YOUR OWN

Optionally, create layer files for the other datasets in your map. Save the
layer files to your MyData folder for chapter 7.

9. If you want to save your work, rename your map document and save to
your MyData folder for chapter 7.

10. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

CARTOGRAPHIC REPRESENTATIONS

In ArcGIS Desktop, you can leverage the power of the geodatabase
to store cartographic representations, often referred to simply as
representations.

You can convert any geodatabase feature class to a representation
class, which stores symbology rules for features. The
Representation toolbar provides special tools that allow
mapmakers to improve the appearance of features. You can also
override the appearance or shape of features stored as
representations, or remove them from the map display, without
changing the actual source data.

For example, imagine that you are responsible for creating trail
maps for all the state parks in Florida. The maps should share the
same symbology scheme. You have a trails feature class that you
symbolize with gray dashed lines and then convert to a
representation class. Each park map uses a definition query to
display only the trails within its boundaries. A few state parks have
unique needs, however. Some have equestrian trails that should be
differentiated on the map with a unique color. Sometimes parks
have to delete a trail from a map or change its course because of
maintenance. You don’t want to permanently edit the trails
database, so instead you select the trail symbol that requires
modification and change its properties or shape or remove it from
the map display. Later, if you need to, you can go back to the map’s
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original appearance because the source data stays the same.

For more about representations, consult ArcGIS Desktop Help. On
the Contents tab, navigate to Map > Working with layers >
Displaying layers > Cartographic representations > What are
representations?

Exercise 7d
Symbolizing rasters

In chapter 1, you learned that a raster is a matrix of identically sized square
cells. Each cell in a raster stores a value, usually a quantity of something such
as elevation, rainfall, or temperature that has been measured at the location
represented by the cell.

When you symbolize a raster, you assign colors to cell values or ranges
of cell values. Raster values usually lie on a continuous scale, such as the
scale of integers or real numbers, and are symbolized by color ramps. Rasters
can have a single band or multiple bands of data. Most satellite imagery has
multiple bands, whereas raster surface layers typically have one band of data.

0 10 20 30 40 50 60 70 &0 9 loc

| ] | I | ] ] | | | |
i | | I I | | | I I |

The shades of red in this color ramp become darker as the values increase from 0 to 100.

Rasters can represent many kinds of data and be symbolized using
different color ramps.
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Left to right: Rasters of elevation, hillshade, and slope for the same area. Raster images
based on the National Elevation Dataset courtesy of the US Geological Survey.

A hillshade raster shows an elevation surface in relief. It can be
mathematically derived from an elevation raster by setting a certain angle and
altitude for a light source.

Satellite images and aerial photographs are rasters in which the cell
values are measurements of reflected light. Scanned maps are rasters in which
the cell values are measurements made by the scanning device.
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An air photo (left) and a scanned map (right) of the area around San Diego’s Mission Bay. If
you zoom in close enough on any raster, its cell structure will be revealed, as shown by the
inset in the red box on the air photo. Satellite image and map courtesy of the US Geological
Survey.

You can display raster data in ArcGIS Desktop, but to create it, you need
one of the ArcGIS extensions for working with raster data—ArcGIS Spatial
Analyst, ArcGIS 3D Analyst, or ArcGIS Geostatistical Analyst. Raster data is
available in many formats, on the internet and from commercial vendors.

Multiple rasters can be organized in a raster catalog. If you wanted to
view multiple adjacent raster images at a time, you would store them in a
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mosaic dataset. Both raster catalogs and mosaic datasets can be created in a
geodatabase, if desired.

This chapter provides a first look at some types of raster data. In chapter
20, you will create raster surfaces using ArcGIS Spatial Analyst. For more
information about raster data, consult ArcGIS Desktop Help. On the Contents
tab, navigate to Manage data > Data types > Rasters and images.

In this exercise, you will symbolize an elevation raster and a hillshade
raster to show the topography of southern Florida.

1. In ArcMap, open the ex07d map document from your Chapter07 folder.
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This map contains the familiar Florida layers with which you have been
working.

2. In the table of contents, expand the Ocean Background legend.
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= Ocean Background
RGE
I Red: Band_l
B Green: Band_2
I Blue: Band 3

You can see that the Ocean Background image is a three-band raster,
symbolized by a red-green-blue (RGB) value for each band.
Next, you will add elevation and hillshade raster layers to the map.

3. Click the Catalog tab to expand the Catalog window. (If the tab is not
visible, click the Catalog button & on the Standard toolbar.)

4. Under the Home location, expand the Data folder, and click the shdrl

raster.
Citalog %
c->afr@|E-| et d
Location: &8 shdr -
= Eg Home - GTKAreGIS\Chapted7 ol
B E Data

© 3 Florida.gdb
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- @

= HH usgsdemn

= myData

@ exf] 7 a.mxd

Q] ex07b.mud

@] exd]7 c.mxd

Q| ex07d.mxd
[+ Ed Folder Connections
B Toolboxes
@ 3 Database Servers
3 Database Connections
B GIS Servers
Ml My Hosted Services =,

m

5. Drag shdrl from the Catalog window to the ArcMap display area. If
prompted to build pyramids, click Yes.

6. Now drag usgsdem from the Catalog window to the ArcMap display area.
If prompted to build pyramids, click Yes.

A pyramid is a reduced-resolution raster layer that copies the original
data in decreasing levels of resolution to enhance performance. The coarsest
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level of resolution is used to draw the entire dataset quickly. As the display
zooms in, layers with finer resolution are drawn. Drawing speed is
maintained because fewer pixels are needed to represent the successively
smaller areas. You need to build pyramids only once for a raster dataset.
They are stored with the data as a file with the extension .rrd.

The raster layers are added near the bottom of the table of contents,
above the Ocean Background layer. Next, you will rename the raster layers.

7. In the table of contents, rename the usgsdem layer Elevation.

8. Now rename shdrl Hillshade.

Table Of Contents o x
13 SB[
= [ State Parks .«.

Public Access
CPEN-FEE REQUIRED
I OPEN-NO FEE REQUIREL
E # Counties

= # Elevation
Value
High : S0

Low: 0

Value
High : 242

Low: 14

B Southeast

= ¢ Bathymetry !
DEPTH_M v

To see the rasters, you will need to change their position in the table of
contents.
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9. In the table of contents, click the Elevation layer. Hold down the Ctrl key
and click Hillshade. Both rasters should be highlighted. Drag the layers
below the Counties layer but above the Southeast layer.

The raster layers are repositioned in the table of contents and displayed
on the map.

By default, rasters are drawn in shades of gray. Next, you will choose a
different color ramp for the Elevation layer.

10. In the table of contents, double-click the Elevation layer. On the Layer
Properties dialog box, click the Symbology tab.

There are four raster display methods in the Show panel. In the Stretched
method (the default), ArcMap makes subtle transitions along the selected
color ramp but doesn’t give you precise information about which data values
are associated with which shades of color. In the Classified method, color
transitions are less subtle, but you can see exactly which value ranges
correspond to which shades. In the Unique Values method, a different color
is assigned to each data value in the raster. In the Discrete Color method,
each unique value is symbolized randomly from a set of colors. This method
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is useful when many unique values are present.

11. Maintain the Stretched method. In the Color Ramp list, right-click the
colors (not the drop-down arrow), and click Graphic View to turn it off.

Color Value Label Labeling
o
l 0 Low:O
Color Famp: : 3 e
ke Black to White Graphic View
B ) Properties...
i B d Value: |
[ Display Badkground Value o] Save to style...
[ Use hillshade effect 1| Display MoData as{[_[.]
Stretch
Type: [Smndard Deviations - ] [ Histograms ]
n 25 [ vert
[ apply Gamma Stretch: . 1 .:

12. Click the Color Ramp arrow, and then click the Yellow-Green Light to
Dark color ramp. Select the Invert check box. Click OK to close the Layer
Properties dialog box.
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The color ramp is applied to the layer. The colors range from dark olive

green at lower elevations through lighter shades of olive green at higher
elevations.
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How would you describe the topography of southern Florida?

13. Click the Identify tool, and then click any land area of the map. In the
Identify window, in the upper portion, change the Identify from value from
<Top-most layer> to Elevation. Then click the map again, in several
locations, to see the elevation value.
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14. Close the Identify window. Zoom in closely (approximately 1:60,000) on
an area with varied elevation. Notice that the raster is made up of an

array of square cells, or pixels.

To see surface relief on your map, you will next make the Elevation layer
partially transparent so that the Hillshade layer shows through.
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15. Zoom to the full extent of the map &
box for the Elevation layer, and click the Display tab. In the Transparency
text box, highlight the default value of 0 and type 50. The Elevation layer
will be 50 percent transparent. Click OK.
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Transparency can also be used effectively on vector layers.
Transparency for all features in vector layers is set on the Display tab.

Alternatively, click the Advanced button on the Symbology tab to set
varying transparency according to field values.

The Hillshade layer is now visible below the Elevation layer, providing a
realistic impression of the landscape.
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16. Again zoom in to better see the hillshading effect.
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17. If you want to save your work, rename your map document, and save it to
your MyData folder for chapter 7.

18. If you are continuing to the next chapter, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

In chapter 8, you will symbolize layers by quantitative attributes rather
than categorical ones. You will also learn how to classify data—that is, adjust
the value ranges for applying symbols. And you will work with symbology
methods specifically for numeric data.

In chapter 9, you will revisit the Florida data and add labels and
annotation to complete your map. In chapter 10, you will learn how to create
a nice-looking map layout so you can print your map and present it to others.

Summary

In this chapter, you gained experience with the first step in mapmaking:
symbolizing vector and raster layers. Realize that map symbology can get
very sophisticated—consider the work of professional cartographers. Once
you have mastered the basics, you can explore the Symbol Selector editor and
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advanced cartography tools to create more detailed symbology. Remember,
to reuse or share symbology, create a layer file. The layer file stores the
symbology and also points to the source data file, so when sharing, be sure to
provide the source data as well as the layer file.

Terms

style
layer file
hillshade
pyramid



(c) ketabton.com: The Digital Library

Classifying features

Classifying features by standard methods
Mapping density
Using graduated and chart symbols

Learning objectives

e Know what to consider when classifying quantitative attribute data
e Become familiar with classification methods

e Choose symbology based on classification type

e Create dot density maps

e Create graduated-color maps

An important aspect of using ArcMap is to decide what data to map and how
to map it. You just worked with qualitative data in chapter 7. In this chapter,
you will work with quantitative data. Common examples of quantitative
attributes are the population of a country, the area of a city block, and the
length of hydroelectric transmission lines.

Quantitative maps show numeric values in relation to one another on a
continuous scale. Although you can map individual values, it is often more
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useful to group or classify these values. This will help your readers to
separate the data visually, so it can be understood more easily. Deciding how
many classes are appropriate for the data and the method of classification
used is called classifying data. Depending on the message you are trying to
convey, ArcMap can create several types of quantitative maps: graduated
color, graduated symbol, proportional symbol, dot density, and charts.

A graduated-color map uses a change in color to represent data
classifications. A ramp with a single color (called monochromatic) is suited
to data that moves from small to large values. Sequential schemes such as
population increase can be shown with light colors for smaller amounts of
change and dark colors for larger amounts of change. A ramp with two colors
can be used to represent a divergent scheme, such as population increase and
decrease. The extreme values are shown in dark colors, and the middle values
are shown in light colors.

A graduated-symbol map uses a symbol that varies in size to
represent numeric attribute values. Points that increase in size can represent a
city’s growing population. Different line widths can be used to represent the
increasing flow of a pipe or a river. Generally, three to seven graduated
colors are used. If more than seven colors are used, the difference between
colors may not be distinguishable by the human eye.

A proportional-symbol map is similar to a graduated-symbol map,
except that the symbols are drawn proportionally in size. A country with a
population of 50 million people would have a symbol five times larger than a
country with a population of 10 million people. These symbols are most
appropriate for data that has a relatively narrow range of values.

A dot density map represents quantities using randomly placed dots to
form a density pattern inside a polygon. Each dot is equal to a predetermined
attribute value—the more dots, the greater is the value of the polygon.
However, the density pattern may be different from the actual distribution of
values, and a common technique is to use a masking layer to exclude certain
areas, such as a neighborhood or a ZIP Code boundary, to create a more
realistic depiction of where dots should be placed.

A chart map can be used to represent multiple attribute values for a
single feature. ArcMap can create pie, bar, and stacked charts that can be
similar in size or vary based on proportionality.



(c) ketabton.com: The Digital Library

Graduated-color map. Data from Data and Maps for ArcGIS 2010, courtesy of ArcUSA, US
Census, Esri (Pop2010 field).

Graduated-symbol map. Data from Data and Maps for ArcGIS 2010, courtesy of ArcUSA, US
Census, Esri (Pop2010 field).
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Proportional-symbol map. Data from Data and Maps for ArcGIS 2010, courtesy of ArcUSA,
US Census, Esri (Pop2010 field).

Dot density map. Data from Data and Maps for ArcGIS 2010, courtesy of ArcUSA, US
Census, Esri (Pop2010 field).
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Map using charts. Data from Data and Maps for ArcGIS 2010, courtesy of ArcUSA, US
Census, Esri (Pop2010 field).

Data

This chapter uses the following datasets, stored in TexasCounty.gdb:

e Counties—polygons of the counties within the state of Texas. It also
contains crime data for the years 1994 and 2002. (Sources: ArcUSA,
US Census, Esri, and National Archive of Criminal Justice Data)

Exercise 8a
Classifying features by standard methods

When mapping quantitative data, you want to classify the data appropriately
so the information is not skewed or misleading. ArcGIS has seven
classification methods: manual classification, equal interval, defined
interval, quantile, natural breaks, geometrical interval, and
standard deviation.
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Manual

With manual classification, you can set class breaks manually by typing them
or by adjusting the histogram break bars in ArcMap.

Equal interval

In equal interval classification, the entire range is equally divided by the
number of classes you choose. If the range of values is 1 to 1,000 and there
are five classes, this method will create classes of 1-200, 201-400, 401-600,
601-800, and 801-1,000. This method is useful for highlighting changes in
the extremes and is most appropriate for familiar data ranges, such as
percentages or temperatures. With this method, it is also possible to have
classes that contain no values.

Defined interval

A defined interval is similar to an equal interval. However, you get to define
the interval size to determine how many classes there are. If the students in
your class have a range of test scores from 50 to 90 percent, for example, and
the interval size is 10, this method will create four classes, 50-60, 61-70, 71—
80, and 81-90.

Quantile

With quantiles, all classes have the same number of features. This method is
appropriate when data is linearly distributed. It can create a balanced-looking
map because no classes have too many, too few, or no values; however, the
resultant map can be misleading. The key is to increase the number of classes
to prevent data from being placed in a different class. When an appropriate
number of classes are used, the data can be visually represented more
accurately.

Natural breaks (Jenks)

Natural-breaks classes are based on natural groupings inherent in the data,
and boundaries are set where there are relatively large gaps between values.
Developed by Professor George Jenks of the University of Kansas, this
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method is useful for classifying unevenly distributed data such as population.

Geometrical interval

The geometrical-interval classification scheme creates class breaks based on
class intervals that have a geometrical series, such as a logarithmic
distribution. This method was specifically designed to accommodate
continuous data and minimize variance within classes to ensure that each
class range has approximately the same number of values and that the change
between intervals is fairly consistent.

Standard deviation

Data that you know is normally distributed (in a bell-shaped curve) can
benefit from standard-deviation classification. This method creates classes
according to a specified number of standard deviations from the mean value.
We recommend a divergent color scheme for this type of classification.

In this exercise, you will create thematic maps for a crime-mapping
project by applying different classification methods and different numbers of
classes.

1. Start ArcMap. Open the ex08a map document from your
C:\EsriPress\GTKArcGIS\Chapter08 folder.
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The map is open in data view. It contains a single data frame called
Texas that contains the Counties layer. You will explore the layer’s attributes
to gain an understanding of what you will be mapping.

2. In the table of contents, right-click the Counties layer, and click Open
Attribute Table. Scroll to the right to see more of the table column

headings.

Table O x

Counties b4

COUNTY AGRASLTEM | AGRASLTOZ | AYRPTARRE4 | AYRPTARRD2 H.‘I’FF'TCRH‘-HI_ A?'HPTEHIWI' ARSONSDE -

k| Armetrong g ] 1 1 1 1 17l
Bandera g 23 i 1 1 1 3

|| sarden ] 1 1 1 1] 1] 0
Briscoe 1 2 1 1 1 1 1
Clay 4 10 1 1 1 1 9
Cochran 12 Li] 1 1 1 1 1]
Coke 3 g i 1 1 1 1
Collingeworth 11 7 i 1 1 1 4
Cottle 3 2 i 1 1 1 1 »

L i LLL [}

o4 1 » M E {0 out of 254 Salected)
Counties I

The table contains many attributes such as county name, population, and
crime data from 1994 and 2002. You will be using a few of these attributes
for the mapping tasks in this chapter.

3. Close the attribute table. In the table of contents, double-click the
Counties layer name to open the Layer Properties dialog box. Click the
Symbology tab.

4. Under Show, click Quantities.
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'-I_ayrﬂ Properties

Show:

Features
Calegories
Quantities

. Gradugted symbols

- Proportional symbals

=

| General | Source | Selection | Display | Symbology | Fields | Defintion Guery | Labels | Joins & Relates | Tme | HTML Popup |

|Drc|'lr quantities using color to show values.

Fields
Value: naone
Momaization: none

Color Ramp:

-

Classification

Classes: v

Impart...

Manual

Symbo  Range

Labe

[7] Show clases mngsa weing fasturs valies

[0k ][ Canced |[ ooty |

The Graduated colors option of the Quantities method is highlighted, and
the dialog box is changed. The Value list shows the available attributes—that
is, numeric fields only.

5. In the Fields frame, click the Value arrow, and click BURGO?2.
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Layer Properties 5
| Geners | Source | Seleclion | Displey | S¥mbolay | Felds | Defirtion Guery | Labels | Joins & Aettes | Tme | HTML Fopup |
Show o —
Foat |[hawr quantities using cobor to show values. Impurt.
Calegories Fieids Clasafication
Uuantities valwe: AUAGH? - Matural Braaka (Jenka]
- Gradualed colors T
- Gracuated symbils Homalzation: none - Cagesn: 5 = | Casefy. ]
- Propartional symbals
- Dict densiy Color Ramp: - -
Charta
Multiple Attribules Symial  Range Lebed
| '|0.000000 - 75000000 0000000 - 6.6 (O00HD
B76 D000 - 2522 000000 E7E 00000 - 2522 D000
2527 000001 - E186. 000000 2522 000001 - 8186 000000

= R = 125 000001 - 17727000000 B185.000001 - 17787000000
vy | 7787 000001 - 35275.000000 17707 000001 - 35275.000000

'1." "] Shaw clasa mnpsa using feature voloes [ Aovanced ~

[0k [ Conost | souv ]

The BURGO2 attribute represents burglaries for each county in 2002. By
default, the values in the BURGO?2 field are grouped into five classes using
the natural-breaks (Jenks) classification method.

6. If your color ramp is different from the one in the previous graphic, click
the Color Ramp arrow, and click the Blue Light to Dark ramp. (To find it by
name, right-click the color ramp color bar, and click Graphic View to turn
off that view.) Click OK to close the Layer Properties dialog box.

The graduated-color symbology is applied to the map, and the table of
contents is updated to show the values represented by each color. The light
colors represent fewer burglaries, and the dark colors represent more
burglaries. This may be useful to crime analysts who want to quickly see
where the most burglaries are occurring. It doesn’t account, however, for how
many people live in a county or how many square miles are in a county. You
will explore these situations in exercise 8b. For now, you will see how other
classification methods affect the map.
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The number of counties in each class is different. The class with the
highest values has just two members: Dallas and Harris Counties. The next
highest class also has two members: Tarrant and Bexar Counties. The
remaining counties belong to the three lowest classes.

ON YOUR OWN

Use the Identify tool to look at the attribute information of various
counties.

7. In the table of contents, open the properties of the Counties layer, and
click the Symbology tab if it is not already active.

8. In the Classification frame, click the Classes arrow, and then click 3. The
number of classes and their value ranges are adjusted. Click Apply, and
move the Layer Properties dialog box away from the map display.
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Layer Properties

52 |

Sheow:

Features
Categories
Quantities
- Gradusted colors
- Graduated symbols
o Propartional gymbcls
“ Dot densty
Charts
Muitiple Atiributcs

| General | Source | Selection | Display | Symbology | Fieds | Definion Query | Labels | Joins & Reiates | Time | HTML Popup |

||}Enr quantities using coler to show values. mpot. ..
Fislde Claesification

Value: BURGIZ - Matural Breaks (Jenks)
Marmalization: nene - Classes: 3: x | Classfy...

Coor e ~
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I 1544 000001 - 2126.000000
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; : [7] Show class renoes using feature valuss
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'Mva'x:eg'

Apply |

The map reflects the new classification. The highest burglaries class now
contains four counties. Many counties that previously belonged to separate
classes are now grouped together.
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Why might these counties have a higher incidence of
burglary than surrounding counties?

9. On the Symbology tab, in the Classification frame, click Classify.

Clzssification ===
Clazgifcation Oassification Statistcs
Method: |Natura| Breake [Jenks) '] Count: 7 4
[ 3 = mnirum: 0.00004
s Pasdmm: 392:5.::::!-:":!] =
s Sum: 2119310000
Exdusion . .. Sampling ... Mear: 34,3740
Median: 109,000 ™
4| 11 E
Columns: 100 = || shaw std. Dey, || shew Mean
E B ‘é— Ersak Values m
= |
e =] = 1554, 000000
2 B = 185, 00000
i . & 39275,000000
1501
100+
B0+
0 T T T i ak
0.000000 0e18.750000 419637500000 29456250000 3927500000
anap breaks o data valuss Cancel

The Classification dialog box displays the current classification method
and the number of classes. Under Classification Statistics, you can see the
count, minimum, maximum, sum, mean, median, and standard deviation of
the BURGO2 field. (You may need to scroll to the right to see the values.) In
the Break Values box, you can see the upper-threshold value that defines
each class. The percentage (%) button displays decimals as percentages.

The large window contains a histogram, or frequency distribution
chart. The x-axis (horizontal) shows the range of values in the BURGO?2 field.
The y-axis (vertical) is a count of features. Vertical blue lines are class breaks
(also shown in the Break Values box). The gray columns represent the
number of features that fall within a specific span of the total range of values.
By default, 100 columns are drawn in the histogram, so each column
represents 1 percent of the total range. In this case, values range from 0 to
39,275, so the total range of the histogram is 39,275. (This wouldn’t be the
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case if the number of burglaries began with a number other than zero. Here,
39,275 divided by 100 is rounded to 393, so each column shows the number
of features that fall within each span of 393 values.)

10. In the Break Values box, click the first break, at 1564.000000.

f o
Classification
Classification Classification Statistics
Method: | Natural Breaks (Jenks) Count: 2 -
Classas: 3 = Minimuam: 0.0000
Maximum! 392750000 =
Data Exclusion Sum: 211931.00001|
Median: _ 109.00001 =
4 | m [ b
Columns: 100 < [ Show Std. Dev. | Show Mean
g § § Break Values E]
= = =2 le————
2008 2 § 1564.000000
3 8 e 8186.000000
- © 8 39275.000000
150+
100+
50+
0.00000 9818.750000 19637 500000 29456250000 39275.00000
Snap breaks to data values 228 Elements in Class Cancel

Many of the gray columns are grouped within the first class. This means
there is a high count of counties with fewer than 1,564 burglaries—exactly
228 counties. (The count is shown below the histogram window.) Next, you
will take a closer look at the columns in the histogram.

How many elements (or features) are in the other classes?

11. Right-click the histogram near the origin of 0,0 (where the x-axis and y-
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axis intersect), and click Zoom In. Repeat the zoom in. If you zoomed in
on another spot in the histogram by mistake, right-click and click Reset
Zoom, and then try again.

(Your zoom results may be a little different from what you see in the
graphic.)

e
251

204

o
T T T 1
0.000DOD ATS.BTT140 351854278 S27.831478 T03.M06558

By zooming in on the histogram, you can get a better sense of how the
values are distributed. Many of the county burglaries actually fall within the
bottom 0.5 percent of the value range (below an x-axis value of 196.5). The
data is skewed toward the low end of the histogram, meaning that there are
relatively few burglaries in these counties. (The mean number of burglaries is
138.) A gray column will not be drawn if no features fall within the value
range it would represent. The number of columns can be set to anything from
10 to 100. With 10 columns, for instance, each would represent 10 percent of
the value range.

12. In the Columns box, change the default value of 100 to 25.
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e =
Classfication Cles=fication Stabishcs
Method: Matural Breaks (Jenks) ] Maximum: 675, 0000 =
Oz 3 = Sum: ZH013. D0
- Mean: 133, 1309
eciBins). Median: @0, Doao| =
| Exchmion... | | Samping ... | Standard Devation: 1562211
iy | 1l b
q-:uhmn:: 25 | || shaw 5td. Dew. ["] Ehow Miean
Braak Valies E]
B 1564, 080000
F 166, 000000
S0 3275.000000
A0+
JU—'
Zl:l--
10+
a T T T 1
0.nooooo 175977140 357854279 5Z¥ 931419 703908558 III
] Snap breeks o data values 205 Bements in Class

Now each gray column represents one twenty-fifth (or 4 percent) of the

value range.

13. In the Classification frame, click the Method arrow, and click Equal
Interval.
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Classification
Classification Classification Statistcs
Methodt:  [Equsl Interval L MaimLm: 39375.0000 &
e = - Sum: 211931.0000
| Mear: &34.3740)
LT RCR e Median: 105.000D| = |
Exika Stardard Deviation: 34495 5795
0 10 | F
Columns: 25 £ [ show std. Dav. | shows Mezan
2 = = Brekvales  |%)
250 i R E 130% L 665667
E i B 25183,333333
o =} o
2004 v o & 39275.000000
150
1004
504
4 _'Ir_. F
] T T T oF
0000000 9312.750000  19637.500000 29456250000 39275.00000
Snap bresks to date weluss Cancal

The class breaks are now equally divided (still in three classes). This
method places breaks so that each class has the same range of values. Almost
all the values fall into the first class. Unlike the natural-breaks method, with
equal-interval classification it is possible to have classes that have no values.

ON YOUR OWN

Try increasing the number of classes to see how the breaks are placed.
When you are finished, return the number of classes to 3.

14. In the Classification frame, click the Method arrow, and click Quantile.
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The quantile method creates classes that have an equal number of features.

ON YOUR OWN

Classification
Oaezficabon Clagsification Statistice
vethod: | Quantle -4 Masimum: 39275.00001 =
& e i - Surm: 211931.0000
= Mear: 334.3740 |
s _ _ Median: 109.0000(=
| Exclusion ... Samplng ... Standard Devistion; 34496796+
] '_ I = I
Columrs: 5 [ Show Std. e, |Show Mean i —
= = Erask Values [;]
P ] [=]
=g = 54.000000
E‘ E 253.000000
P00 30275.000000
1504
1004
50+
Fl I Im| 3
il |
| [ [ 0K,
0.00D0o0g 0818750000 19837500000 29456 250000 3927500000
Snap breska to data values | Cancel

Zoom in on the histogram twice to get a better picture of three classes
with the same number of features. How many counties fall within each

class?

15. Click OK to close the Classification dialog box. The current classification
settings are updated to reflect the quantile method. Click Apply, and move

the Layer Properties dialog box away from the map display.

The map looks much different from the previous classification methods.

Many more counties now fall within the highest burglaries class. As this
example shows, the way you choose to depict data can provide different

impressions, some of which can be misleading. You will have to adjust the

classification method again to use natural breaks.
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16. On the Symbology tab, click Classify. On the Classification dialog box, for
Method, click Natural Breaks (Jenks) and change the number of classes

to 7. Click OK.
Classification Classification Statistics
Method: | Natural Breaks (Jenks] - | Count: 2.
Classes: 7] = h Minirnum: 0. 00000
: Maximurn: 39275.00001 =
Data Exclusion Sum: 21193100001
Median: 109, 00001 ™
= < m | »
Columns: 100 I:v-l__-| Show Std. Dew, [ show Mean
E§ é § § E E Break Values
20|EG o o =] = =
88 8 8 S s 330,000000
(25 E & B = 1060.000000
C = [ [u]
b, s = o 2307.000000
150 3379.000000
3186, 000000
17787.000000
100 39275.000000
5O-H
. b
0.000000 9818 750000  19637.500000 29456250000 3927500000
[ | snap breaks to data values
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Before finalizing the map, you will make some small changes to the class

labels to make them look better.

17. In the lower section on the Symbology tab, click the Label column
heading, and click Format Labels.

The Number Format dialog box has options to edit the look of the
numeric labels. This does not affect the classification values but only the way
they appear. You can control the number of decimal places and significant
digits, alignment, and whether to include comma separators. You can even
choose special formats listed in the Category box.

18. On the Number Format dialog box, change the Rounding number of
decimal places to 0. Also, select the “Show thousands separators” check

box.

Mumber Format

Category:

Mone

CI.II'I'EE‘
Direction
Fercentage
Custom
Aate
Fraction
Scientific
Ande

(General aptiors for the display of rumbers

Rounding
i@ Mumber of decimal places

() Mumber of sigrificant digis

" =

Aigrirernit

@l

@ Rght ¥ 5| characters

Show thousands separators
Pad with zeros

[ Show plus sign

[ ok ]| coea |

19. Click OK to close the dialog box. See how your label changes are
reflected on the Symbology tab, and then click OK.
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20. On the menu bar, click View > Layout View.

21. On the Tools toolbar, click the Full Extent button.

The layout includes a legend that shows the seven classes created using
natural breaks.
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Texas
Burglaries, County level, 2002

------

ON YOUR OWN

Try classifying some of the other attributes using different methods to see
how the data is distributed. Use the Identify tool to look at the COUNTY
field in relation to the BURGO?2 field.

22. If you want to save your work, rename your map document and save to
your MyData folder for chapter 8.

23. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

Exercise 8b
Mapping density

In this exercise, you will continue to create thematic maps for a crime-
mapping project. In exercise 8a, you saw how crime can be mapped to show
areas of high and low burglary incidence by applying different classification
methods. However, you know that not all counties have the same population
—for example, Dallas County has over 2.2 million people, and El Paso
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County has just over 650,000. But which of the two is more densely
populated? To answer that question, you would need to know the number of
people per square unit of area. As long as you have both a population
attribute and an area attribute, you can do this. Simply divide the population
by area. How about calculating crime density per capita? Similarly, you
divide a crime attribute by population. Dividing one attribute by another to
find the ratio is called normalization.

1. Start ArcMap. Open the ex08b map document from your Chapter08
folder.

£} extiEh.mad - Archlap [ B ]
Fil= [Cdit View Dookmarks Insert Selechion Geopm-:ssmg Custornize  Windows | lelp
OB & oh | 17000000 A BREERE e
QaMmo i E-0 (] @ 2HE S .
O =R R - e w | E R
Table O Conlenls B X [L] L 115 & -
T acH o : - ! : 2
"5 &4 Motor Iheit Per Lapita
=i ¢ Counties 1 1) Texas Crime Density, County Level, 2002
= anﬂjesz Motor Uehicle Theft Per Capita

[

foEe gl |

|15

| 10

@E 2w 4 m ~
2951 1213 Centimneterc

This opens the map in layout view. In the table of contents, there is a
single active data frame called Motor Theft Per Capita. The Motor Theft Per
Capita data frame has two identical Counties layers (coming from the same
data source). You will make a population density map that is overlaid by a
dot density map of motor vehicle thefts.
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2. On the menu bar, click View > Data View.

3. Open the Counties 2 layer attribute table.

Table ox
E-1S- k0 x
Counides 2 =
OBJECTID* | Shape* | CODE| NAME_LOCAS | POPULATION | AREA_SG_MI | LANDAREA_S | WATERAREA_
v 1 [Potygon [ 1] Anderson 55109 07786 [ 1om07e | 745 |
2|Poiygon | 2|Andrews 13004 150098 | 150054 | 0.35
3 |Potvgon 3| Zngeina ETET) I I T
LiE 4 | Paygon | Araneze 2240 | =218 ESE AN
5 | Forygon 5 | archer 2854 | 02t TR 06T | 16.09
& [Palygen & | armstrong 2143 | 91251 91363 | 013
7 [ Pobrgen 7 [ 2tascosa 38828 | 1235 81 123212 | 3408
& [ Pobygen 2 | Zuslin 23530 | 856 37 B52.50 | 378
3 | Pobrgen 9 | Baiey 6534 arae B26ES | 0.68
|| 10 |Potygen | 10 | Banderm 17645 | 754 7173 | 581 [ -
£l [ | }
TR 1 + » [E S @outof 254 Selected)
Counties 2

The POPULATION attribute contains the population count of each
county. The AREA_SQ_MI attribute contains the size of each county in
square miles. Next, you will divide the POPULATION attribute by the
AREA_SQ_MI attribute to create a ratio of population density for each
county.

4. Close the attribute table. Double-click the Counties 2 layer, and click the
Symbology tab. Under Show, click Quantities. (Graduated colors is
automatically selected.) In the Fields frame, click the Value arrow, and
click POPULATION. Click the Normalization arrow, and click
AREA SQ MI. Set the color ramp to Red Light to Dark.
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The natural-breaks (Jenks) classification method is chosen, and five
classes are defined. In the Label column, the values are rounded, but the
decimal places are not consistent.

5. Click the Label column heading, and click Format Labels. On the Number
Format dialog box, select the Number of decimal places option and
change the number to 2. Click OK to close the dialog box.
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6. Click OK to close the Layer Properties dialog box. Select the check box
next to Counties 1 to hide the layer.

The class with the greatest population density has three counties: Tarrant,
Harris, and Dallas. (You can verify this using the Identify tool.) The next
highest class contains four other counties. The remaining counties of Texas
have low population density. Graduated colors are one way to represent
density. Another way is to use a dot density map.

7. Select the check box next to Counties 1 to make the layer visible again.

8. Open the Counties 1 properties. On the Symbology tab, click Quantities >
Dot density. In the Field Selection list, scroll down, and click
MVTHEFTO2. Click the right-facing arrow (>) button to add it to the list on
the right.

If you added the wrong attribute or added too many attributes, simply

click the left-facing arrow (<) button to move an attribute back to the list
on the left.

The box on the right in the Field Selection frame indicates that the
incidence of motor vehicle theft in 2002 will be represented by the dot
symbol. Next, you will change the color of the dot so that it has higher
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contrast and can stand out from the population density graduated-color map.

9. Double-click the symbol next to MVTHEFTO2 to open the Symbol
Selector. Click the Color chip and click Black, and then click OK.

Symbol Selector ==
'.I'y:ne here to search I @y ;} ii » Current Symbol
Search: @) Al Styles i7) Referenced Styles
ESRI - =
o m . -
Cirde 1 Square 1 Triangke 1 :
Calar:
P ® & Size: 200 =]
R |
Fentagen 1  Hexagon 1 Octagoen L Ande: 0.0 :
P ]
Rnd Square 1 Cirde 2 Square 2
F'Y o 8
Triangk= 2 Pentagon 2 Hexagon 2
| Style References... ]
@ > ® 3 N =

10. In the Background frame, click the Line button. In the Symbol
Selector, click the Color chip, and click No Color. Then click OK.

This will prevent the county lines from appearing.

11. In the Densities Calculated frame, click the horizontal slider and move it
left or right. The preview gives you an idea of what the density will look
like. In the Dot Value box, change the value to 100, and then click OK.
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In ArcMap, you can also build query expressions to exclude dot density
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points or use other layers to act as a mask to exclude dots or place them in the
specified area only. In the next few steps, you will use a masking layer to
hide dot density points.

12. From your chapter 8 Data folder, add the HarrisAdjacentCounties feature
class from the TexasCounty geodatabase.

13. Zoom in on the newly added layer. It is located in the southeastern area
of the state. (Your feature class may be colored differently from the one in

the graphic.)
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14. Open the Counties 1 properties. On the Symbology tab, click the
Properties button. On the Dot Density Symbol Properties dialog box,
select the Use Masking check box, select HarrisAdjacentCounties in the
Control Layer list, and click the “Place dots only in these areas” option.
Then click OK.
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The options on this dialog box allow you to use a mask to either hide or

show dot density points. When using a mask to exclude, no points will be

visible in the defined area. When using a mask to include, points only in the

defined area will be visible.

15. Click OK again to close the Layer Properties dialog box. In the table of

contents, turn off the HarrisAdjacentCounties layer.
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tracts or block groups), dot size, dot value, and dot placement. The
distribution of data can create variations in the pattern of a dot density map.
The random distribution of dots can often be misleading. For example, the
dots in a county are randomly distributed. However, in real life, the majority
of the population is centered on urban areas. No exact method exists for
choosing the most appropriate dot value and size, so you will need to
experiment until you produce a good result. Generally, you should choose a
medium-size dot. Small dots produce a widely dispersed dot pattern and may
convey disproportionate map accuracy. Large dots produce overly dense dot
maps and hide any noticeable patterns.

ON YOUR OWN

Try changing the dot value and the dot size to see how the density
pattern changes. To turn off the masking layer, return to the Dot Density
Symbol Properties dialog box, and clear the Use Masking setting.

16. If you want to save your work, rename your map document, and save it to
your MyData folder for chapter 8.

17. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

Exercise 8c
Using graduated and chart symbols

Graduated-symbol maps use proportionately sized symbols such as circles or
squares to represent different ranges of values. This type of map allows you
to visualize classifications by means of differently sized symbols, making an
effective visual tool.

Charts are also an effective visual communication tool. A pie chart can
show multiple sets of quantitative data at the same time: its overall size can
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be proportionate to an attribute value, and its divisions (or slices) can show
the composition of several attribute values. For example, you might use it to
show how much of a country’s population is divided into different age
groups.

Bar charts are useful in side-by-side comparisons, especially in cases
where attribute values do not make up a whole. For example, you might use
bar charts to compare census tract household income in 2000 versus 2010.
Another variation of the bar chart is a stacked bar chart representing the sum
of attributes. For example, if you wanted to display the marital status in a
county, you could symbolize the values for three different attributes—single,
married, and divorced—using a stacked bar chart.

In this exercise, you will create three more maps for this crime-mapping
project. The first will use graduated symbols to map aggravated assault. The
second will use bar charts to compare two different years of larceny (theft).
And the third will use pie charts to show the makeup of all the crime
attributes included in the dataset.

1. In ArcMap, open the ex08c map document from your Chapter08 folder.
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The map is open in data view. In the table of contents, there are three
data frames: Assault, Larceny, and All Crime. Each data frame has a
Counties layer (all from the same data source). The Assault data frame is
active.

2. In the table of contents, open the attribute table of the Counties layer in
the Assault data frame. Scroll to the right to the AGRASLTO02 column
heading. Right-click the AGRASLTO02 column heading, and click Sort
Descending.

You may need to widen the column to see the entire field name.

The AGRASLTO2 attribute represents the number of aggravated assaults
for each of the 254 counties in 2002. You will use a natural-breaks
classification to symbolize the data with five classes.
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3. Close the table. In the table of contents, double-click the same Counties
layer to open its properties. On the Symbology tab, click Quantities >
Graduated symbols. In the Fields frame, click the Value arrow, and click

AGRASLTOZ2.

e - - =
| General | Source: | Seleciion | Dislay | Symbokegy | Fields | Defirition Query | Labels | Joina & Relates | Time | HTML Papup |
Show

e Draw quantities using symbaol size o dhow relative values. | Impart... |
Categores Fislds Classification
Cuantities Value: AGRASLTO2 - Matural Breake (Jenks)
Grdumted cole | — —
:---GZd:ated :j:ﬂh Momaization: none - Oasses: & - [E]
Proportioral symboks
‘... Do dersity Eymbal Sza from: 4 be: 18
Charls T Template
Multiple Atnbutes || SYmodl Renge e »
+ 0-198 0-158
Background
&  195-604 190 - 604 E
& o012 605-1742 -
@ sz 1743 - 4522
' . 4573 - 7656 45237658
. ] Show class mnoes using fesiure values | Advenced -
ok [ Comcel ]| sty |

In the Symbol column, five differently sized symbols are shown
representing five ranges. You will change the symbol template to something

more appropriate.

4. Click the Template button to open the Symbol Selector.

5. In the Symbol Selector, click the Circle 1 symbol. Click the Color chip, and
click Poinsettia Red. Click OK to close the dialog box.
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Next, you will change the background color.
6. Click the Background color chip to open the Symbol Selector.

7. In the Symbol Selector, scroll down the style library and click the Med
Yellow symbol. Then click OK.
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Next, you will adjust the symbol size to make the difference between the
smallest and largest symbols more apparent.

8. Change the Symbol Size from 4 and 18 to 3 and 20, respectively.

9. In the Label column, click 0-198 and type Less than 199. For the
remaining labels, change the hyphen to the word to. For example, change
199-604 to 199 to 604. Then click OK.

Symbol Sizefrom: 3 to: 20
Template
Syrbel  Range Label & I]
. 0-188 Legethan 150
Background
] 199 - 604 194 to 604 |= @
& EBMR-1742 G056 i 1742 ‘
@ 1743-852 17430 4522 g
[ M 4523- 765 450310 7655 &4

|| Ghow clage ranges using feature valuse

The map now shows graduated symbols for each county. The table of
contents shows the graduated-symbol settings you made. Similar to the
density maps you created in exercise 8b, a greater number of incidents are
located in counties with a higher population.

You will continue by creating bar charts to compare larceny between
1994 and 2002.
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10. In the table of contents, right-click the Larceny data frame, and click
Activate. Open the Counties attribute table. Scroll to the right to the

LARCY94 and LARCYO02 column headings.

Table
ERARR AR %
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These two layer attributes represent the number of larcenies for each of
the 254 counties in 1994 and 2002. Next, you will look at the attribute

statistics to get a better sense of how the data is distributed.

11. Right-click the LARCYO02 column heading, and click Statistics.

Statistics of counties

Field

Stetistics:

Count: 2h4

Minirmurm: O

Maximum: 1059462

Sum: G3ETEE

Mean: 2703529134

Standard Deviation: 11023846534
Mulls: 0
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Many of the counties have low counts of larceny (the tallest blue bar in
the Frequency Distribution chart). As you saw earlier, a majority of the
incidents occur in highly populated counties. Instead of creating bar charts
for each county, you will exclude counties that have a low population.

12. Close both the Statistics of counties window and the attribute table.

13. In the table of contents, open the properties for the Counties layer (for the
Larceny data frame). On the Symbology tab, under Show, click Charts >
Bar/Column. Scroll down the Field Selection list, click LARCY94, and click
the right-facing arrow (>) button to add it to the list on the right. Add
LARCYO02 as well.

La!'I'ET Properties
| General | Source | Selection | Display | Symbobay | Fields | Definiion Query | Labels | Joins & Relates | Tine | HTML Popup |
Show: [
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e S o) | Egancvs: <
Bar/Column INDXCRINOZ = [ [Eiede .
+- Stacked . 1
Muitiple Atiributes Shape_fea |— -
= <
Backoround: @ Celor Scheme: -

- = U || Prevent chart overdap Momalization:  none -

[ ok || Cocd || Awpy |

Your bar chart colors are randomly selected and may be different from
the ones in the graphic.
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14. Click the Exclusion button to open the Data Exclusion Properties dialog
box. Click the Query tab, and in the Exclude clause list, double-click
“POPULATION?". Click the less than (<) button, press the Spacebar, and
then type 500000 in the expression box.

Do not use comma (,) separators—for instance, to separate digits—in

query expressions. Commas will invalidate the query. The Verify button
can check whether a query is valid or not.

You just constructed a query that excludes counties with a population
less than 500,000.

0& o [l
[ET v

SELECT = FROM Courtice WHERE:
"POPULATION™ - 500000 -

[ s || vedy || b || Lo |[ Sowe.. |

[ ox ]|c:nd||m|

Querying data is a fundamental technique when working with GIS. You

will learn more on how to query data in part 5, “Getting information about
features.”
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15. On the Data Exclusion Properties dialog box, click the Legend tab. Select
the “Show symbol for excluded data” check box. Click the Symbol color
chip to open the Symbol Selector.

16. In the Symbol Selector, click the Fill Color chip, click Gray 20%, and click
OK.

17. In the Label box, type Population less than 500,000 and click OK.

The “excluded” symbol and label will be added to the table of contents
after you confirm your changes on the Layer Properties dialog box in step 19.

But first, you will make a slight adjustment to the size of the bars in the
chart.

Dt Exclusion Properties =
Chuary | Legend

W S syl [ esehoded ddia
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| e datian ks than RN 00
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(oK ][ Coned ][ fowr |

18. Click the Properties button to open the Chart Symbol Editor dialog box. In
the Bars frame, adjust the width to a value of 10, and then click OK.
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19. Click OK to close the Layer Properties dialog box.

The bar charts are drawn on the map for the counties that were not
excluded (those with a population greater than 500,000). These counties
include Bexar, Travis, El Paso, Tarrant, Dallas, Harris, and Hidalgo.

Next, you will create the final map to show all the crime attributes
included in the 2002 dataset.

20. Activate the All Crime data frame. Open the properties of the data frame’s
Counties layer. On the Symbology tab, under Show, click Charts. The Pie
option is highlighted. In the Field Selection list, click AGRASLTO02, and
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click the right-facing arrow (>) button to add it to the list on the right.
Continue to add the following attributes: ARSONSO02, RAPEO2,
MVTHEFT02, MURDO02, ROBB02, BURGO02, and LARCYO02.

21.

Right-click the Color Scheme ramp, and click Graphic View to turn off that

Click the Color Scheme arrow, and click Enamel.

view.
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A symbol color is randomly assigned to each attribute using the selected
color scheme. Similar to the bar charts, you will exclude some values and
change the size of the pie charts.

22. Click the Exclusion button to open the Data Exclusion Properties dialog
box. Click the Query tab, and in the Exclude clause list, double-click
“POPULATION". Click the less than (<) button, press the Spacebar, and
then type 500000 in the expression box.

ON YOUR OWN

Change the color scheme of the excluded data to your liking.
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23. Click the Legend tab. Select the “Show symbol for excluded data” check
box. Click the Symbol color chip to open the Symbol Selector. Click the
Fill Color chip, click Gray 20%, and click OK.

24. In the Label box, type Population less than 500,000, and click OK.

25. Next, click the Size button. On the Pie Chart Size dialog box, click the
“Vary size using the sum of the field values” option. Adjust the symbol
size to 20, select the Appearance Compensation (Flannery) option, and

then click OK.
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The size of each pie chart will be based on several factors: the numeric
size (in points), the variation due to the sum of the attribute values, and the
appearance compensation option. When compensation is activated, ArcMap
scales up proportional circles (in this case, pie charts) so that the larger the
circle, the greater is the amount of scaling. The compensation of proportional
circles was the major research focus of James Flannery, a professor of
geography specializing in cartography, in the 1950s.

26. Click OK to accept your settings. A different color scheme from the one in
the graphic may be applied to your map.
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27. On the menu bar, click View > Layout View.

Your map scales may not be exact. On the page layout, click a data frame
to activate it, click the Bookmarks menu, and then use the bookmark
provided for each data frame.
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ON YOUR OWN

Create layer files for several of your data layers.

28. If you like, rename your map document, and save it to your MyData folder
for chapter 8.

29. If you are continuing to the next chapter, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

Summary

In this chapter, you learned what to consider when classifying quantitative
attributes. This was useful in determining which ArcMap classification
method to use and when to view a data histogram to see how data is
distributed. You also learned how to create a visual summary with bar and
pie charts. These are some of the most useful tools for displaying
information. By now, you should be comfortable manipulating data to
achieve different views using graduated colors, graduated symbols,
proportional symbols, and dot density effects.

Terms

graduated-color map
graduated-symbol map
proportional-symbol map
dot density map
manual classification
equal interval

defined interval
quantile

natural breaks
geometrical interval
standard deviation
histogram
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normalization
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Labeling features

Using dynamic labels

Setting rules for label placement
Creating graphic labels

Converting dynamic labels to annotation

Learning objectives

e Create dynamic labels

e Modify the default appearance of dynamic labels

e Use predefined styles for labels

e Fine-tune the placement properties of dynamic labels

e Prioritize placement of dynamic labels

e Set a scale dependency for label display

e Create graphic labels using the text tools on the Draw toolbar
e Convert labels to annotation and modify placement

Broadly speaking, a label is any text that names or describes a feature on a
map, including proper names (Haiti, Buckingham Palace, Interstate 10),
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generic names (Lake, Tundra, Hospital), descriptions (Residential,
Commercial, Hazardous), or numbers (7,000 placed on a mountain to indicate
its elevation). In ArcMap, labels specifically represent values in a layer
attribute table. You can add other bits of text to a map using the Draw
toolbar, but, strictly speaking, these are not labels and do not behave the same
way. Labels, for example, stay close to the features they are associated with
as you zoom in or out. Text is not similarly sensitive. Its position may change
markedly in relation to the features if you zoom or pan the map.
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Default labels (top) are often sufficient, but you can modify the default labels (bottom) to
improve the map’s appearance by changing the font, color, size, character width, and spacing;
adding special effects such as halos; or specifying placement settings, such as curving river
labels along the lines of features. You can also choose from many predefined label styles

offered in ArcMap. Data from Data and Maps for ArcGIS 2010, courtesy of ArcWorld and
ArcWorld Supplement.

As seen in chapters 3 and 7, you can label all the features in a layer with
a single click. This process, called dynamic labeling, is fast, but it has its
limitations. For one thing, ArcMap chooses the label positions. (You can set
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guidelines, but the actual placement is out of your control.) If the scale of
your map changes, or if different layers are added or removed, ArcMap may
change the position of labels. Still, dynamic labels may be useful for
interactive internet map publishing.

An alternative to dynamic labels is annotation. Annotation is static text
or graphics that you can individually select, position, and modify. You can
enter annotation manually or convert existing labels to annotation.
Annotation features are stored as part of a map; in an annotation group the
same way as dynamic labels; or in a geodatabase, as an annotation feature
class. If you are creating a printed map and want significant control over the
appearance and placement of labels, annotation is your best option.

In the following exercises, your map display will be redrawn many times
as ArcMap adds and moves labels. If your map fails to redraw as it

should, click the Refresh button EX at the bottom-left corner of the map
display.

Data

In this chapter, you will use most of the Florida data you used in chapter 7.
The feature classes, stored in the Florida geodatabase, are as follows:

e Bathymetry—Iine features that represent changes in ocean depth
(Sources: Florida Fish and Wildlife Conservation Commission’s Fish
and Wildlife Research Institute and National Oceanic Atmospheric
Administration)

e Cities—major cities of Florida (Source: National Atlas of the United
States)

e Coral—polygons representing coral populations off the coast of Florida

(Source: Florida Fish and Wildlife Conservation Commission’s Fish
and Wildlife Research Institute)

e Counties—polygons representing Florida county boundaries (Source:
US Census Bureau)
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e Hwyl—a single line feature depicting a major state highway that
traverses the Atlantic coastline and Florida Keys (Source: Florida
Department of Transportation)

e Lakes—polygons representing Florida’s major lakes (Source: Florida
Department of Environmental Protection)

e Rivers—Iine features representing Florida’s major rivers (Source:
Florida Department of Environmental Protection)

e Shipwrecks—a selection of historical shipwrecks along the southern
Atlantic coast of Florida and the Florida Keys (Source: National
Oceanic and Atmospheric Administration Office of Coast Survey’s
Automated Wreck and Construction Information System)

e Southeast—a polygon layer that includes demographics (Sources:
ArcUSA, US Census, Esri)

e StParks—polygons representing Florida state parks (Source: Florida
Department of Environmental Protection)

¢ florida_coast—an image of seafloor topography (Source: Natural
Earth)

Exercise 9a
Using dynamic labels

Dynamic labels are easy to work with because they behave as a group. When
you turn them on or off, change their symbol, or change the attribute values
they express, it affects all the labels in the layer. The drawback to dynamic
labeling is that ArcMap doesn’t always put the labels where you want them.
For this reason, labels are often converted to annotation in the late stages of
map production.

The position ArcMap chooses for dynamic labels depends on many
factors, including the size of your application window. Your results may look
slightly different from the graphics in the exercises for this chapter. For
labeling, it is best to maximize your ArcMap window if possible.

In the exercises in this chapter, you continue to fine-tune a Florida
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tourism map that will be printed in brochures.

1. In ArcMap, open the ex09a map document from your
C:\EsriPress\GTKArcGIS\Chapter09 folder.

The cities already have default labels, but you need additional labels to
make the map more helpful.
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First, you will label the state of Florida and its water features.

2. In the table of contents, right-click the Southeast layer, and click Label
Features.
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Each feature in the layer is labeled, but because this map shows only one
state, you see only one label, for Florida, in the center of the map display.
ArcMap tries to put the labels in the center of each polygon. Next, you will
change the font and color of the label.

3. Open the properties for the Southeast layer, and click the Labels tab.
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In the Text String frame, the Label Field list shows which field in the
attribute table is being used for labels (STATE_NAME). Below this, you see
the current label symbology. The labels for this layer are drawn in 8-point
black Arial.



(c) ketabton.com: The Digital Library

4. Click the color chip. On the color palette, click Gray 20%.

5. In the Text Symbol frame, in the size list, replace 8 with 14,

Text Symbal

6. Next, click the Symbol button. In the Symbol Selector, click the Edit
Symbol button.
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7. On the Editor dialog box, click the Formatted Text tab. Next to Character
Width, highlight 100.00 and enter 130. Under Text Case, click All Caps.



(c) ketabton.com: The Digital Library

Properies:
Type: [Tms,um v| Unts |Fonts -

Ganeal | Frmafied Ted | Advanced Tea | Mask

Tesal Pussilin. Cliiats Spaciy. 000

@ Momal

o Leadin Qo0 2
() Supemsorpt =

e Character Whath:  130.00 [
1 Mormal

@ M Caps Werd Spacing: 10000 2
5 Smal Ceps 7| raming

8. Next, click the Mask tab. Under Style, click Halo. Change the size to 1.
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9. Click OK to close the Editor dialog box. Click OK to close the Symbol
Selector. Click OK to close the Layer Properties dialog box.

You have successfully created a label for the state of Florida that is well
suited for its purpose: the halo ensures the text isn’t lost on the map, but the
light-gray color makes it visually less prominent, so it doesn’t compete with
other features or labels.
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You will use a predefined style to label lakes.

10. Open the properties of the Major Lakes layer, and click the Labels tab.
Select the “Label features in this layer” check box. Click the Symbol
button to open the Symbol Selector.

11. In the Symbol Selector, scroll through the Esri style library, and click the
label style River. Then click OK. (No unique style for lake labels exists, so
you will use the River style instead.)
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12. Click OK to apply the changes, and OK to close the Layer Properties
dialog box.
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The lakes on the map are now labeled.
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The Florida label moved position once the lakes were labeled. Dynamic
labeling means labels will change position depending on the placement of
other features and other labels and the size of the map scale.

13. If you want to save your work, rename your map document and save to
your MyData folder for chapter 9.

14. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

ArcMap chooses label positions to minimize conflicts with other text and
features on the map, but you can control the positioning somewhat, as you
will see in exercise 9b. If you want absolute control of the label positions,
you must either create graphic labels, which you will do in exercise 9c, or
convert dynamic labels to annotation, which you will do in exercise 9d.

Exercise 9b
Setting rules for label placement

When you place labels dynamically, ArcMap chooses label positions
according to rules you can modify. Labels for points can occupy any of eight
positions around the feature (above, below, above right, below right, and so
on). You can rank these positions and prohibit certain ones as desired. Labels
for line features can be placed above, below, or on the features and can be
made to follow features’ curves. Labels for polygons are always placed as
close to the center of the polygon as possible, but you can choose to rotate the
label vertically or remove the label if it doesn’t fit inside the polygon.

In addition, label and feature weights can be set for each layer on a map
to prioritize and handle labeling conflicts. If there isn’t room to label two
nearby features in different layers, only the feature in the layer with the
higher label weight will be labeled. Additionally, if you don’t want certain
features obscured by labels, you can assign them higher feature weights to
minimize the possibility of labels overlapping them.

In this exercise, you will modify the properties of the Cities labels, and
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then create labels for the Major Rivers layer with distinct rules for label
placement. You will also change the layer priorities that determine which
feature is labeled when there is a conflict.

1. In ArcMap, open the ex09b map document from your Chapter09 folder.

Ciitémice - Windwas  File
A ERERO

R

The map looks as it did at the end of exercise 9a. If the cities labels were
restricted to the left of the points, there would be less clutter in the southern
Atlantic coast area.

2. Open the properties of Cities Pop 100,000+, and click the Labels tab.

3. Under Other Options, click Placement Properties. On the Placement
Properties dialog box, make sure the Placement tab is active.
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When labels are offset horizontally around points (the default), each
possible position can be ranked. The graphic in the Point Settings frame
shows the current setting. The feature is represented by the white square in
the middle, and the numbers in the surrounding squares rank each position—
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1 is the most desirable and 3 the least. The number O means a label cannot
occupy that position. In the current setting, ArcMap places labels above and
to the right of features as long as they do not overlap other labels in any layer.
All positions are allowed, although positions below and to the left of the
feature are discouraged with this setting.

In this exercise, you want to center the labels to the left of the features.

4. On the Placement Properties dialog box, click Change Location to open
the Initial point placement dialog box.

5. On the Initial point placement dialog box, scroll down and click the setting
for Prefer Center Left, all allowed. Make sure your dialog box matches the
graphic, and then click OK.
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6. Click OK to close the Placement Properties dialog box, and then click
OK again to close the Layer Properties dialog box.

This is better. Most of the city names should be located at the left side of
the corresponding point. However, at this scale, many of the labels overlap
the point symbols, and it is not clear which point is Hollywood and which is
Pembroke Pines. Depending on the size of the ArcMap window, some city
labels may still be in conflict with shipwreck features. You will make these
final adjustments later, when you convert the labels to annotation.
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7. Open the properties of Major Rivers, and click the Labels tab. Turn on the
labels for the layer.

8. Choose the Rivers symbol style, and click Apply.
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9. Click Placement Properties.

The Placement Properties dialog box is different for points, lines, and
polygons.

10. On the Placement tab, under Line Settings, click the Curved option if it is
not already selected. For Position, choose Above (and clear the “On the
line” check box). Make sure the “Remove duplicate labels” option is
selected, and maintain the other defaults.
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When might you choose to place a label directly on a line
feature?

11. Click OK to close the Placement Properties dialog box, and click OK
again to close the Layer Properties.
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ArcMap tries to label as many features as possible without overlapping
labels. You want to label most of the rivers and canals, but doing so makes
the map look cluttered, and your city labels look wrong again. You will
downgrade the priority level of rivers to help clean up the map.

By default, ArcMap does not put labels on top of each other. This
means that, depending on the scale and the part of the map you are
looking at, some features in a layer may not be labeled. If you want
to be sure every feature in a layer is labeled, you can tell ArcMap to
place overlapping labels. You can also control label-on-label and
label-on-feature overlaps for individual layers. For more
information, consult ArcGIS Desktop Help. On the Contents tab,
navigate to Map > Adding text to a map > Displaying labels >
Placing labels with the Standard Label Engine > Placing
overlapping labels.
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12. On the Customize menu, click Toolbars > Labeling to turn on the Labeling
toolbar.

The Labeling toolbar, with several buttons for managing labels, appears
in the ArcMap application window.

Labeling ~ <5 44i & &l < <% | Fast

13. On the Labeling toolbar, click the Label Priority Ranking button L.

On the Label Priority Ranking dialog box, the layers of the map are listed
in order of labeling priority, which you can change.

14. Click Major Rivers to highlight it, and then click the Bottom (not the Down)
arrow.
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15. Move the Label Priority Ranking dialog box out of the way, and click
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Apply.

Notice how the map changes. There are fewer labels for rivers and
canals, and the map is easier to read.

16. Click OK to close the Label Priority Ranking dialog box.

You can use the Label Manager dialog box to set label
properties and scale dependencies for all layers using one window
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rather than opening each layer’'s properties separately. You can
also use the Label Manager dialog box to create different classes of
labels based on symbology categories or other differentiating
attributes. For instance, in the Florida map, you could choose one
type of label for the “No fee” state parks and a different type of
label (or no label) for the “Fee required” parks. Or if you have a
roads feature class whose attribute table contains a field for road
type, you could use a different label for each class—for example,
symbol markers for highways, black text for main roads, and gray
text for local roads. Creating label classes also allows you to have
more than one label per feature—for example, if you wanted
counties to be labeled with both their name and population, you
could use two different labels. Once you create label classes, you
can set the label properties for each class separately.
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For advanced label placement options, you can turn on the Maplex
Label Engine. Maplex allows you to modify the density of labels and
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allows more control over label positioning for different data types.
For more information on Maplex, consult ArcGIS Desktop Help. On
the Contents tab, navigate to Map > Adding text to a Map >
Displaying labels > Working with the Maplex Label Engine.

Another way to reduce label clutter is to implement scale-dependent
labels (as done in chapter 3).

17. Open the properties of Major Rivers. On the Labels tab, under Other
Options, click Scale Range.
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18. On the Scale Range dialog box, click the “Don’t show labels when
zoomed” option, and from the Out beyond menu choose 1:1,000,000.
Click OK to close the Scale Range dialog box. Click OK again to close the
Layer Properties dialog box.

o =

*fou can specly the range of scales at which |abels wil be shown.

(71 U=ze the zame =rale mnge as the feature layer.

@ Dont zhow lzbele whan zoomed:

Out beyond: IRRIHIREES + | iminimum scale)
Inbeyond: <None: « imanimum scalke)

[ ok ][ Camest |

The Major Rivers labels will appear only at scales larger than
1:1,000,000. If the tourism brochure uses a large-scale local map in addition
to the main mabp, rivers and canals will be labeled.
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19. On the menu bar, click Bookmarks > Canals to see the scale-dependent
labels.

20. Zoom to the full extent of the map, and close the Labeling toolbar.

21. If you want to save your work, rename your map document, and save it to
your MyData folder for chapter 9.

22. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

Exercise 9c
Creating graphic labels

If you want to add stand-alone text to your map or if you just want to label a
few features interactively, you can use the tools on the Draw toolbar. Most of
the tools on the Draw toolbar are for creating stand-alone text, but the Label
tool allows you to choose a label that is connected to a feature’s attributes.
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The labels or text boxes created from the Draw toolbar act like graphics—
they can be selected and moved wherever you like. In this exercise, you will
add text to mark the Gulf of Mexico and the Atlantic Ocean, and then create a
graphic label for the US Route 1 feature.

This technique is meant for cases in which you have only a few features
to label or if you want to label base layers that don’t have attributes.

1. In ArcMap, open the ex09¢c map document from your ChapterQ9 folder.
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As before, some of your dynamic labels may be in slightly different
locations from what you see in the graphic.

Map readers would be better oriented if you labeled the Gulf of Mexico
and the Atlantic Ocean. However, you don’t have an ocean layer with
attributes to which you can attach labels. (The ocean background you see is a
raster layer, which doesn’t have text attributes.) Because there are no distinct
Gulf of Mexico or Atlantic Ocean features, there is nothing to label. Instead,
you will add a graphic label using the Text tool. Graphic labels are selectable
and stand alone on the map—they are not connected to any feature.
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2. If itis not already available, display the Draw toolbar. (On the Customize
menu, click Toolbars > Draw.)

Drawing - & () &[]~ A » < gl Arial *W B I UlAH B

3. On the Draw toolbar, click the Text tool &s. Move the mouse pointer over
the map. The pointer changes to a crosshair with an A (for text). Click in
the Gulf of Mexico to add a text box.

The text is drawn in 10-point black Arial, as you can see on the Draw
toolbar. The bright blue outline indicates the text is selected. Next, you will
increase the font size.

5. Right-click the Gulf of Mexico label. On the shortcut menu, click
Properties. On the Properties dialog box, on the Text tab, click Change
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This opens the Symbol Selector. Next, you will select a style and then
modify it according to your preferences.

6. Inthe Symbol Selector, scroll down until you see the predefined label
style for Ocean, and click it to select the color and spacing determined by
that style. Next, click the font arrow, and click Book Antiqua (if it is
installed on your computer) or another font of your preference.
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7. Click OK to close the Symbol Selector. Click OK again to apply the new
properties to the text.

Now that it is larger, the text may have to be moved.

8. Move the mouse pointer over the text. The pointer becomes a four-
headed arrow. Use the pointer to drag the text so that it approximately
matches the graphic, and then release the mouse button. Click in an
empty blue area to clear the text selection.
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Finally, you will label US Route 1 using the Label tool.

9. On the Draw toolbar, click the down arrow next to the Text tool to see the
other text tools available. Click the Label tool.

L
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When you use any text tool, it will become the default tool shown on the

Draw toolbar until you choose a different tool.

10. On the Label Tool Options dialog box, click the “Place label at position
clicked” and “Choose a style” options. In the style library, click the first
symbol, for U.S. Route.
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11. Move your mouse pointer over the U.S. Route 1 line feature (the red line
running down the Atlantic coast), just east of Lake Okeechobee. When
you see the MapTip US1, click to place the label.

12. With the label selected—it should be outlined in bright blue—right-click it,
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and click Properties. Change the symbol size to 6 pt black Arial in the
Symbol Selector.

i hete i aenrs v §2 o Gt il
CSmanthc B AN ENes 0 et Sl
# £k = B
AuBEYyEz
oy L ik
AEBbYYIz o i =}
- ooty [
Fol. Frial 5.00 3 spe [B]F 0 oS
=== e w (8]
Pngie: 000 @ Cheracter Spacng: 100 [ =
Lesdirg: 0.00 ﬁ]
Blead o e, m—r—

13. Close any open dialog boxes, click the Select Elements tool (on either the
Tools toolbar or the Draw toolbar) [, and click anywhere on the map to
clear the highway symbol selection.

14. If you want to save your work, rename your map document, and save it to
your MyData folder for chapter 9.
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15. If you are continuing to the next exercise, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

Exercise 9d
Converting dynamic labels to annotation

Although you have considerable control over dynamically placed labels, you
can’t specify exact positions or symbolize them individually. To do this, you
must convert the labels to annotation, which means, essentially, that you tell
ArcMap to turn over full responsibility for label placement and appearance to
you. Annotation can be selected, moved, and modified piece by piece, like
the text boxes you created in exercise 9c. The difference is, you can quickly
create annotation for all features in a layer rather than one at a time.
Typically, you convert labels to annotation when your map is nearly finished
and you want to make final adjustments to the labels.

Annotation can be saved within your map document in an annotation
group, the same way as dynamic labels, or to an annotation feature class
within a geodatabase. It then becomes much like any other spatial dataset—it
can be copied, edited, and added to any map document.

For more information, consult ArcGIS Desktop Help. On the Contents
tab, navigate to Map > Adding text to a map > Converting labels to
annotation.

In this exercise, you will convert the cities labels to annotation so you
can make adjustments to the label positions. Once converted to annotation,
the labels will keep the same size and location relative to surrounding
features.

1. In ArcMap, open the ex09d map document from your Chapter09 folder.
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2. In the table of contents, right-click the Cities Pop 100,000+ layer and click
Convert Labels to Annotation. This opens the Convert Labels to
Annotation dialog box.

The default option for storing annotation is to store it in a geodatabase.
However, since you want to modify only a handful of labels, you will store
the annotation as an annotation group in the map document.

MAP ANNOTATION OR GEODATABASE

ANNOTATION?

If you have a large nhumber of labels, it is best to use geodatabase
annotation, because it is faster and can handle a greater number of
annotation features more efficiently. Creating annotation often
takes a lot of time, so saving to a geodatabase can be desirable,
allowing the work to be reused and shared. Geodatabase
annotation can be either stand alone or feature linked. Standalone
annotation is used for text that is not associated with a map feature.
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In feature-linked annotation, the labels are associated with another
feature class, so if a feature is moved or deleted, the annotation is
moved or deleted as well. You will learn more about geodatabases
in chapter 11.

3. Click the option to store annotation on the map. Click Convert.
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The labels are converted to annotation. In the process, their positions
may have changed slightly.

Next, you will move the labels for Hollywood and Pembroke Pines so it
is easy to see which feature goes with which label. You will also move the
labels for the other cities just a bit, so the text doesn’t touch the
corresponding point symbols.

4. Zoom to the Canals bookmark.
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Notice how large the annotation labels are on the map display compared
with the dynamic labels for lakes and rivers. Unlike dynamic labels,
annotation labels are static, meaning they act like a feature—just as a lake
grows in appearance as you zoom in on a map, so does the annotation.

If you want your dynamic labels to act like static annotation when
zooming in, go to the full extent of the map and set a reference scale for
the data frame. Right-click the data frame in the table of contents, and

click Reference Scale > Set Reference Scale.

5. On the Tools toolbar, click the Select Elements tool. Click the Hollywood
label to select it.
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LORIDA

7. Click the Pembroke Pines label, and drag it to the southwest of the point
feature, as shown in the graphic. Click somewhere away from the label to
clear the selection. Click Refresh.
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8. Return to the full extent of the map to see if the readability of these labels
has improved.

Much better—it is clear now which city is which.

9. Zooming in as necessary, select each of the city labels and move them
slightly farther away from their associated point features, to ensure that
the text does not run into the point symbols.
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You finished your Florida tourism map—good job!

10. If you want to save your work, rename your map document, and save it to
your MyData folder for chapter 9.

11. If you are continuing to the next chapter, leave ArcMap open. Otherwise,
exit the application, and click No if prompted to save your changes.

Summary

You now have a good foundation for creating nice-looking maps: in chapters
7 and 8, you learned how to create informative symbology; and in this
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chapter, you learned how to create labels using several methods. Remember,
with dynamic labels, ArcMap places the labels (although you can influence
that placement by setting priorities and weights), but with stand-alone text or
annotation, you can select and move individual labels and give them a unique
appearance. In chapter 10, you will continue building your mapmaking
knowledge by learning how to create a layout.

Terms

label
annotation
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Making maps for presentation

Creating a layout

Adding titles and additional text

Adding standard map elements

Adding final touches and setting print options

Learning objectives

e Become familiar with page layout tools

Create effective map layouts

Add text to a layout

Create map elements such as a north arrow, scale bar, and legend
Become familiar with print settings and options

A mabp is not complete without several critical features and a well-composed
page layout. Any map that is destined to be printed or used online (or
onscreen) should contain a certain collection of map elements laid out and
organized on the page. These elements include data frames (containing map
layers), a legend, a scale bar, a north arrow, a map title, descriptive text, and
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additional graphics. Cartographic design should be informed by both
aesthetics and the ability to communicate. Cartographic elements need to
accurately convey information about the map without diverting attention
from the map.

The measure of a good layout is how well it conveys information to its
readers. A good layout should not only provide the facts, but also persuade
opinion. When creating a layout, you should ask yourself some key
questions:

What is the purpose and intended use of the map?
Who is the target audience?
What physical (or digital) size and page orientation will it have?

Will the map stand on its own, or will it be part of a map series with
maps that share a template?

How will the map elements be organized on the page?

Will the layout contain more than the common map elements, such as
graphs or reports?

What is the intended map scale, and how large will the data frames in
the layout be?
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A layout created in ArcMap that shows the main map, inset maps, scale bars, and a legend.
2012-2013 Lawrence Transit System Map courtesy of City of Lawrence, KS. Data courtesy of
City of Lawrence and University of Kansas.

You may also want to think about how the layout of data frames and map
elements affects the balance and composition of the layout. A well-planned
page layout with properly sized data frames and a clear visual hierarchy of
surrounding elements will allow readers to explore the map on a logical path.
Readers will generally focus on the map itself; however, haphazardly placed
text, elements, or graphical objects may draw their attention from the
intended focal point. Finding the right balance between elements that should
be in the foreground and those that are best suited to the background is one of
the keys to good mapmaking.

In this chapter, you will create the layout shown here of Queensland,
Australia, bioregions and bio-subregions, which are researched areas of
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diverse biology and geographic landscape.

Bioregions and Bio-subregions
: Queensiand, Ausiralia
[ maz demion i momogranic rgions ane seregons of

| | Queensand, Ausifala. Deta ceaed by e OQueensiand
| | Govemmentintormanon Senvice

The Australia bioregions map that you’ll complete including layout, labels, legend, inset maps,
and surrounding map elements. Data from Data and Maps for ArcGIS 2010, courtesy of
ArcWorld Supplement, State of Queensland (Department of Science, Information Technology,
Innovation and the Arts) 2010, 3.0 Australia (CC BY 3.0), State of Queensland (Department of
Science, Information Technology, Innovation and the Arts) 2010, 3.0 Australia (CC BY 3.0).

Data

The exercises in this chapter use the following datasets:

e australia.shp—polygons of the provinces of Australia (Source: Data
from Data and Maps for ArcGIS 2010, courtesy of ArcWorld
Supplement)

¢ bioregions.shp—polygons of bioregions in the province of Queensland,
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Australia (Source: Courtesy of State of Queensland [Department of
Science, Information Technology, Innovation and the Arts] 2010, 3.0
Australia [CC BY 3.0])

e biosubregions.shp—polygons of bio-subregions in the province of
Queensland, Australia (Source: Courtesy of State of Queensland
[Department of Science, Information Technology, Innovation and the
Arts] 2010, 3.0 Australia [CC BY 3.0])

e country_background.shp—polygons of surrounding countries, used as
a background layer (Source: ArcWorld Supplement)

e ocean_background.tif—raster of the ocean, used as a background layer
(Source: Natural Earth)

Exercise 10a
Creating a layout

The amount of space on which elements can be arranged may be anything
from a letter-size sheet of paper to a wall poster. The orientation may be
vertical (portrait) or horizontal (landscape). Choosing the dimensions and
orientation of the map before you start makes the layout process easier. It will
influence your decision on factors such as data frame size, map scale, text
size, and other map elements.

ArcMap has rulers, guides, and a grid to help you arrange map elements
on a page. You can also align, nudge (move incrementally), distribute (space
evenly), order, rotate, and resize selected elements to place them where you
want them.

For this exercise, you are a GIS student researching the biodiversity of
Queensland, Australia, and have just finished mapping its 13 biogeographic
regions and 133 biogeographic subregions (also known as bioregions and
bio-subregions, respectively). Bioregions represent broad landscape patterns
that are the result of the interplay among such factors as geology, climate,
and biota. Bio-subregions are based on finer differences in geology,
vegetation, and other biophysical attributes and are the basis for determining
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the major regional ecosystems. You will create a page layout as part of a
presentation used to provide useful information to other researchers, students,

and people interested in studying biodiversity.

1. Start ArcMap, and open the ex10a map document from your
C:\EsriPress\GTKArcGIS\Chapter10 folder.

: lFI:Ex Elit‘ﬁal Bockmarks [nsert Selection Geoprocessing Customize  Windows  Help
Mpda &+ 9@ x = ™ &) 1858260 - EEEEO R
KA T2 E- T 07 B LRSS T
Table Of Contents % x
o8
= = Bioregions
|+ A Provinces
i@ M Bioregions
EEBncbgmund
= M Ocean

=] = Bio-subregions
# M Provinces
™ [ Dis-subregion:
= [ Background
= M Ccean

il & Owerdew

The map document contains three data frames: Bioregions, Bio-
subregions, and Overview. Data frames allow multiple maps to be shown on
the page layout. The Bioregions data frame is currently active. Bioregions are
classified and labeled based on their abbreviated names (for instance,
Brigalow Belt is labeled BRB) and are symbolized using a color ramp with

various shades of orange.
2. In the table of contents, expand the Bioregions layer to see the bioregion

names and corresponding feature colors. When you are finished
examining the feature symbols, collapse the layer.
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What type of classification is used to classify these
bioregions: categorical or quantitative?

All three data frames will be part of your page layout. You will focus the
attention on the bio-subregions map, and position the bioregions map next to
it. For reference, you will include a map of Australia with an extent indicator
showing where the state of Queensland is located. In ArcMap, an extent
indicator is simply a rectangle that is placed in a data frame to reference the
specific geographic location of another data frame.

3. On the menu bar, click View > Layout View.

In layout view, you see how the printed map will look. The data frames
are stacked on the virtual page according to their order in the table of contents
(although they can be reordered any way you want). Also included is an
index of biosubregions that consists of two text boxes and a rectangle. It will
be easier to see what you are doing if you make the ArcMap application
window as large as possible.

4. Maximize the ArcMap window. (Click the Maximize button on the right end
of the title bar.) We recommend that you maintain a large ArcMap window
size for all the exercises in this chapter.



(c) ketabton.com: The Digital Library

Notice that in layout view, the Layout toolbar automatically appears (if it
wasn’t already turned on) and is active. It may be floating or already docked
to your ArcMap window. If it is docked, you will not see the title of the
toolbar. To see it, you will have to undock the toolbar.

T N R ISR e S W T
P LEEERE w, - DEMD

5. On the Layout toolbar, click the Zoom Whole Page button E.

The virtual page is enlarged within the layout window. At the moment,
the page orientation is portrait. Next, you will adjust the page settings.

6. On the menu bar, click File > Page and Print Setup.

7. On the Page and Print Setup dialog box, in the Map Page Size frame (not
to be confused with the Paper frame, in which the Landscape option will
not change the orientation of the layout), set the orientation to Landscape,
as shown in the graphic. Clear the “Use Printer Paper Settings” check box
if it is selected. Click OK.
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Page and Print Setup
Printer Setp
Mame: & HP Officejet Pro K600